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ABSTRACT
Blockchain (BC) systems are increasingly used by consortia to monitor ex-post opportunism in food supply chains. BC systems 
differ for BC technical characteristics, complementary technologies, and organizational tools. Yet, little is empirically known 
about the link between different BC system designs and the context where they are implemented and how contextual factors 
influence the adoption of each BC system. This study analyzed different BC systems in 11 principal–agent dyads within one food 
supply network. Each dyad is composed of a consortium of fruit producers and packers (the principal) and a supply network actor 
(the agent). Inspired by agency theory, this research associates BC system design choices with levels of system trust (trust in the 
technology) that are consistent with the risk level of ex-post opportunism. Compared to previous studies, a new studying per-
spective regarding the concept of ‘BC trust’ arises. Starting from technology–organization–environment (TOE) theory, this paper 
also offers an interpretation of how TOE factors intervene in the adoption of different BC systems by agents. By distinguishing 
between different BC systems, it offers a diverse perspective in grounding TOE in BC research. Together with relevant future 
research directions, these findings provide adopters and policymakers with important practical insights.

1   |   Introduction

A series of scandals, frauds, and contamination incidents in 
the food sector—for example, the United States' Escherichia coli 
outbreaks, the European Union's (EU) horsemeat scandal, and 
China's pork mislabeling debacle—have caused serious impacts 
on public health, which raised concerns regarding food safety 
and quality (Astill et al. 2019; Chen et al. 2021). Despite the in-
creasingly stringent standards and norms established by com-
panies and governments (e.g., Good Manufacturing Practice, 
Hazard Analysis and Critical Control Point standards, EU di-
rectives), about 420,000 people worldwide die every year due to 
contaminated food (World Health Organization  2024). These 
incidents have received considerable attention from academics 
and practitioners, intensifying the debate on finding adequate 

solutions to ensure food safety and quality (Thangamayan 
et al. 2023).

Food supply chains (SCs) are complex, fragmented, and vast 
ecosystems involving a multitude of actors, from growers to 
retailers (Stranieri et  al.  2021; Cao et  al.  2022; Li et  al.  2023). 
Accidents undermining product safety and quality may occur 
at any stage of the SC—from product cultivation, processing, 
packaging to distribution, or sale—and can be due to unveri-
fied diseases in plants, product contaminations or manipula-
tions, non-compliance with temperature or humidity during 
storage or transportation, etc. (Kamble et al. 2019; Köhler and 
Pizzol  2020). In recent decades, the probability of such out-
breaks has been increasing due to several factors, such as glo-
balization, growing SC complexity, a large reliance on paper 
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records, and non-integrated information systems, which have 
exacerbated information asymmetry across the SC (Behnke and 
Janssen 2020).

Many protection food consortia have been established world-
wide to monitor the compliance of pre-established cultivation, 
production, and distribution rules (Caldarelli et al. 2020). They 
are generally supported by public funding and associated with 
legal marks issued by the European Union—such as Protected 
Designation of Origin (PDO), Protected Geographical Indication 
(PGI), or Geographical Indication (GI)—or with registered cer-
tification marks issued by different US state agencies. Consortia 
play an institutional role in contrasting illegal practices that can 
negatively impact the state budget by compromising, on the one 
hand, the competitiveness of honest companies (and therefore 
the state revenue through taxes) and, on the other, the public 
health (and therefore the state expenditure). Consortia associ-
ates are typically subject to audits conducted by an external cer-
tification authority selected by the consortium that supervises 
and certifies SC processes. They can also establish contracts 
with other actors in the SC up to the delivery of products to 
the final market (e.g., transporters, importers, and large-scale 
distributors). Associates and supply network members act as 
agents of the consortium in guaranteeing compliance with pre-
established SC practices and rules. However, their actions may 
sometimes depart from what is agreed upon (ex-post opportun-
ism) (Zu and Kaynak 2012), as the two parties can have diver-
gent interests, and the actions of the agents are not easy to verify. 
According to the agency theory (AT) perspective, it can be ar-
gued that an agency problem can arise between the consortium 
(i.e., the principal who delegates certain tasks) and its associates 
or the other supply network members (i.e., the agents who are 
delegated).

Several researchers identify in blockchain (BC) a technology 
whose ability to trace activities and increase visibility over 
various SC processes offers to principals unprecedented possi-
bilities to effectively monitor the agents' behavior and limit ex-
post opportunism (Gligor et al. 2022; Xu et al. 2021). For this 
reason, previous studies have encouraged grounding BC re-
search on AT (Cole et al. 2019; Schmidt and Wagner 2019; Zhu 
et al. 2022). At its most basic level, BC can be seen as a dig-
ital, distributed, and decentralized data structure composed 
of “blocks” that contain transactions added in chronological 
order with the goal of creating permanent and tamperproof 
records (Treiblmaier 2018). Its combination of unique intrin-
sic characteristics—such as a cryptographic system to ensure 
data immutability, the use of a consensus mechanism to vali-
date transactions, and a distributed ledger system to make SC 
transactions accessible to authorized actors—helps preserve 
data security while enhancing transparency (Schmidt and 
Wagner  2019; Dutta et  al.  2020; Falcone et  al.  2021; Richey 
and Davis-Sramek  2021; Xu et  al.  2021; Budler et  al.  2024). 
Given its characteristics and functioning, BC is seen as a trust 
generator (a ‘trust machine’), which can substitute trust be-
tween actors with trust in the technology (Falcone et al. 2021; 
Xu et al. 2021) by reducing information asymmetry and thus 
ex-post opportunism.

In the food sector, BC is expected to play a crucial role in the 
next years in guaranteeing product quality and safety and 

although BC adoption is not yet mandatory, some countries 
and jurisdictions may decide to mandate the use of BC for food 
traceability, given the increased risks related to food safety 
and the globalization of SCs (Bradshaw  2023; Duong  2024). 
Thus, a growing, yet limited, number of consortia are launch-
ing BC projects—such as the Spanish cooperative Conde 
de Benalúa (Cao et  al.  2022), the consortium of Parmigiano 
Reggiano PDO in Italy (Agnihotri and Bhattacharya  2025), 
and the Grass Roots Farmers Cooperative in San Francisco 
(Kamilaris et al. 2019).

On-field BC pilot projects, not only in the food sector, are nu-
merous and exhibit considerable variability in terms of BC 
configurations (e.g., Galvez et  al.  2018; Kamilaris et  al.  2019; 
Dutta et al. 2020; Danese et al. 2021; Köhler and Pizzol 2020; 
Bai and Sarkis 2022; Zhu et al. 2022). They differ not only for 
the technical characteristics of the BC technology (e.g., the type 
of permission model) but also for complementary technologies 
supporting BC data reading, writing, and analysis—such as in-
ternet of things (IoT), near field communication (NFC), or arti-
ficial intelligence (AI)—and for organizational tools supporting 
BC functioning (e.g., the involvement of auditors). For this rea-
son, in the following, we will refer to BC systems (i.e., the BC 
technology plus the complementary technologies and organiza-
tional tools supporting BC data reading, writing, and analysis) 
and BC system design choices (e.g., using an NFC tag rather than 
a QR code to allow access to data stored in BC). The BC system 
configuration is the result of a certain combination of BC system 
design choices. The BC system trust is the trust generated by the 
whole BC system.

Previous literature in the fields of supply chain management 
(SCM) (van Hoek  2019; Danese et  al.  2021) and Information 
Management (Kamble et al. 2019; Bumblauskas et al. 2020) has 
discussed the pros and cons of BC system design choices. Yet, 
there are no empirical studies that compare different BC system 
configurations in relation to the context where they are imple-
mented. For example, the well-known BC system implemented 
by Walmart is built on the Hyperledger Fabric permissioned 
BC, characterized by a data entry that is both manual and IoT-
supported, and does not make use of third-party certification 
bodies (TPCBs) or digital tokens (Leong et  al.  2019). Danese 
et al. (2021) analyze five pilot projects of wine companies using 
BC to prevent counterfeiting. While all the companies adopt 
public permissioned BCs (Etherum and VeChain Thor), the 
BC configurations differ in terms of data entry method, use of 
TPCBs, and data reading technologies (e.g., QR codes and NFC 
tags). Why do SC actors design BC systems in different ways 
across different pilot projects? What is the link between BC 
system design configurations and the context in which the SC 
actors are embedded? A fundamental assumption of AT, which 
inspired the present research, is that monitoring and control 
mechanisms should be designed in accordance with the poten-
tial risk of ex-post opportunism to be addressed. Specifically, the 
greater this risk in each relationship, the more resources must be 
allocated to monitoring and control (Wathne and Heide 2000). 
Extending this perspective to BC, it can be inferred that the 
different BC system configurations should be designed in align-
ment with the specific context in which they are implemented, 
contingent upon the levels of ex-post opportunism risk in the 
supply chain.
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In a food SC, the risk of ex-post opportunism differs signifi-
cantly depending on the SC actor and the tier considered. It can 
be argued that different BC system configurations are more 
or less effective in addressing this risk. A food consortium 
that needs to monitor its SC member agents' behavior must 
understand which BC system configuration is most appropri-
ate. More generally, there is a need to better comprehend the 
reasons behind a particular BC system design configuration to 
guide future applications.

This leads to our first research question:

RQ1: Which BC system design configurations are appropriate 
for addressing the different levels of ex-post opportunism of sup-
ply chain members?

Contextual factors also influence technology adoption. Previous 
BC studies have identified the contextual factors that drive 
and enable companies to adopt the BC technology (Clohessy 
et  al.  2019; Orji et  al.  2020; Falcone et  al.  2021; Sternberg 
et  al.  2021). Treiblmaier and Rejeb  (2023) advocate for a shift 
in investigative perspective, directing attention away from the 
general contextual factors affecting BC adoption to focus on the 
perceptions of SC member agents regarding specific BC systems 
and their inclination to adapt the design to the specific context 
in which they operate. In the context of a food consortium, it 
is crucial from a principal's viewpoint that its agents are pre-
disposed to adopt the proposed BC system throughout the SC. 
However, various factors, including knowledge of BC technol-
ogy, the financial and process change investments required, and 
the regulatory environment, can significantly impact the will-
ingness of SC actors to adopt. An exploration of the perceptions 
of different SC member agents towards various configurations 
of BC systems can elucidate the circumstances under which 
and the manner in which BC system design needs to be tailored 
to both adopters and the context in which they are embedded 
to promote adoption. Addressing these issues is critical, as the 
majority of existing BC-based applications remain small-scale 
(Dutta et al. 2020; Cao et al. 2022) and a deeper understanding 
of SC member agents' perceptions of different BC systems could 
be instrumental in enhancing the spread of BC adoption. In a 
recent research note, Lumineau et al. (2025) endorse this view 
and encourage scholars to move from the question of whether 
the use of BC provides distinct advantages to SC members to 
an exploration of the conditions under which BC confers such 
advantages.

This leads to our second research question:

RQ2: What contextual factors influence the use of different BC 
systems by supply chain member agents?

This research is guided by a priori theoretical considerations 
based on AT and technology–organization–environment (TOE) 
theory (Tornatzky and Fleischer 1990), which have been previ-
ously used to interpret BC adoption and implementation (Zhu 
et  al.  2022). These general theories are applied to approach 
the empirical context to address RQ1 and RQ2 (Ketokivi and 
Choi 2014). AT guided the analysis of the appropriateness of dif-
ferent BC systems to address the agency problem, depending on 
the risk level of agents' ex-post opportunism. TOE theory was 

adopted to investigate the contextual factors that can influence 
agents' BC use.

This study analyzed multiple units of analysis, that is, different 
principal–agent dyads, within one case study of BC implemen-
tation in a food SC, considering the consortium as the principal 
who needs to monitor potential SC member agents' opportu-
nistic conduct and the companies in the supply network as its 
agents.

The core contribution of this research is a model that guides 
researchers and practitioners towards understanding (a) the 
consistency between BC system design choices and the level of 
ex-post opportunism of SC members to be addressed and (b) the 
relevant contextual factors that can affect the final BC system 
use by SC members. Overall, this study provides relevant and 
original implications for research and practice. This research 
offers a novel study perspective about the topic of ‘BC and trust’ 
by extending the concept of trust at the BC system level and ana-
lyzing the fit between some important BC system design choices 
and the level of ex-post opportunism to be addressed. Thanks 
to its systemic perspective, this study originally discusses the 
integration of the BC technology with other agents' monitor-
ing mechanisms, opening new and compelling directions for 
future research. Regarding BC adoption, compared to previous 
BC studies, this research concludes that it is not a question of 
‘yes or no’, and identifies those TOE factors that jointly deter-
mine the adoption of different BC systems by SC members. This 
analysis allows a better reflection of reality, in which BC design 
is adapted to agents to favor its adoption. Overall, this research 
contributes to the debate on potential implications of BC adop-
tion and future scenarios in fruit and vegetable SCs.

The rest of the paper is organized as follows. In the next sec-
tion, literature on BC in food SCs is reviewed with a focus on 
the different possible choices in designing a BC system. Then, 
AT and TOE theory are introduced by discussing their basic 
assumptions and how they are used in this research, BC stud-
ies grounded on AT, BC studies using the TOE framework, and 
barriers to BC adoption, both in general and specifically in food 
SCs. The research methodology is then described, followed by 
within- and cross-case analyses. Subsequently, the discussion 
section reports the model proposed in this research to address 
RQ1 and RQ2, together with the theoretical and practical im-
plications. The research limitations and future research are dis-
cussed in the final section.

2   |   Literature Review and Theoretical Background

2.1   |   BC in Food Supply Chains to Address Quality 
and Safety Issues

Many BC studies in the field of operations and SCM focus on 
the food sector (Dutta et al. 2020; Li et al. 2023), and among 
the actual BC applications in this industry, most are in the 
food safety and quality areas (Kamilaris et al. 2019). Previous 
works (Rogerson and Parry 2020; Gligor et al. 2022; Mangla 
et al. 2021) and case studies in food SCs (Table 1) show how 
BC reduces information asymmetry, and thus the risk of ex-
post opportunism undermining food quality and safety, by 
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providing stakeholders with reliable data/information on 
product provenance/authenticity and SC activities. In food 
SCs, large, well-known retailers, consortia, and processors of 
agricultural products have launched promising pilot projects 
(Table 1). They focus on the transparency of SC processes. For 
example, Cargill traces the production of chicken food, and 
the Grass Roots Farmer Cooperative traces the origin of meat. 

Bumble Bee Foods's or Nestlè's BCs are designed to trace the 
complete product journey from upstream to downstream. 
Gligor et al. (2022) employ the resource orchestration theory 
to elucidate how SC transparency can be attained through the 
structuring, bundling, and leveraging of processes. They con-
duct an analysis of a case study involving a small roaster and 
producer of distinctive blends of coffee beans sourced from 

TABLE 1    |    BC cases in the food sector.

Case
BC 

platform BC use Network involved

Bumble Bee Foods SAP Traceability of yellowfin tuna from 
the Indonesian ocean to the stores.

Bumble Bee Foods is a food producer. 
The BC is designed to involve: 

fishers, packagers, transporters, 
distributors and retailers in Bumble 

Bee Foods tuna supply chain.

Cargill (RWA chicken 
products)

CAFA 
platform and 

VeChain

Traceability of product origin 
and production of chicken 

food. Data registered regards: 
hatchery, farm, production and 
environment data, poultry not 

treated with antibiotics, etc.

Cargill is a global food company. The 
BC project involves its chicken supply 

chain in Chuzhou (China), Sun Valley's 
flagship stores on Tmall and JD.COM.

Conde de Benalua IBM Traceability of cultivation and 
olive oil production processes. Data 
registered regards: the groves where 
the olives were grown, mills where 

they were processed into oil, etc.

Conde de Benalua is a cooperative 
in Spain made up of more than 2000 
farmers, and producers of olive oils. 

The BC project involves its associates.

Grass Roots Farmer 
Cooperative

Provenance Traceability of meat to certify 
the source of food (where the 
meat came from and how the 

animals were raised).

Grass Roots Farmer Cooperative is 
a consortium of Arkansas livestock 
small farmers in San Francisco. The 

BC project involves its associates.

Nestlè IBM Traceability of Mousline purée 
from Nestlé factory in the north of 
France to Carrefour stores. Data 

registered regards: production date, 
quality control parameters, storage 
times and location of warehouses, 

information on suppliers of potatoes.

The BC project involves Nestlé production 
factory in France and Carrefour stores.

Parmigiano Reggiano 
Consortium (early stage 
project)

— Traceability of product origin 
through an innovative microchip. 

Data registered regards: cheese 
producers, date of production, 

ripening conditions, etc.

The BC project (which is at a design and 
testing phase) is designed to involve 

producers of parmesan cheese, which 
are associates of the consortium.

San Daniele ham (early 
stage project)

— Traceability of products from the 
birth of piglet, up to breeding, 

slaughter, seasoning.

The BC project (which is at a design 
and testing phase) is designed to 

involve producers, which are associates 
of San Daniele consortium.

Tyson IBM Traceability of meat supply 
chain from farms to Tyson 

production facilities.

The BC project involves Tyson 
production facilities and its farmers.

Unilever SAP Traceability of palm oil 
chain production to assure 

the respect of planet.

The BC involves Unilever's global 
palm oil supply chain.

Walmart (leafy green) IBM Traceability of the production 
of each bag of leafy green.

Walmart and farms supplying fresh, 
leafy greens to Walmart's stores.
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remote regions of the world. This company has achieved SC 
transparency enabled by BC, allowing end customers to scan 
a QR code to verify traceability and provenance. The objective 
is to showcase the artisanal craftsmanship involved in the cof-
fee production process and the authenticity of the materials 
utilized. The study advances theory on SC transparency that 
is enabled by BC traceability capability.

In the food industry, institutions, governments, and consortia see 
in BC a tangible opportunity to realize various benefits associated 
with the certification of food provenance and SC transparency. For 
example, in Italy, the government finances BC projects as a strat-
egy to enhance the reputation of Made-in-Italy products through 
certified product quality (ISMEA  2023; Agenzia ICE  2024). As 
pointed out by Ahmed et al. (2022), supporting compliance with 
standards and regulations constitutes a potential application area 
for BC, with the added prospect of developing a cross-country reg-
ulatory framework for future advancements in certifications.

2.1.1   |   Differences in BC Systems in Food SCs

Table 2 provides an overview of the different possible choices for 
designing a BC system mentioned in the literature on food SCs.

Hyperledger Sawtooth (for both permissioned and permission-
less BC networks) facilitates traceability of the seafood SC and 
uses sensory equipment to record information about fish loca-
tion and storing conditions (Kamilaris et al. 2019). By contrast, 
the Beefledger project is based on the Ethereum public BC and 
makes use of digital tokens, whereas Provenance leverages 
TPCBs to increase BC data reliability but does not rely on IoT 
sensors. Thus, in addition to BC technical differences, BC systems 
can differ for complementing technologies. Compared to tradi-
tional traceability measures, data in BC is immutable, shared, 
and validated, and, as such, data reliability is considered higher 
(Lumineau et al. 2021; Xu et al. 2021; Tiwari et al. 2023). Yet, the 
veracity of input data is still a challenge (Babich and Hilary 2020; 
Chod et al. 2020; Dutta et al. 2020; Sternberg et al. 2021). To as-
sure the accuracy of the information before uploading in BC, this 
should be combined with other advanced complementing tech-
nologies, such as IoT, RFID, or sensors, to automatically upload 
real-time data without human intervention (Cao et al. 2022). In 
particular, Torky and Hassanein  (2020) discuss the importance 
of integrating IoT and BC and analyze the challenges of adopting 
IoT in precision agriculture. As an example, ZetoChain performs 
environmental monitoring at every link of the cold chain, based 
on IoT devices (Kamilaris et al. 2019).

BC can also be integrated with smart contracts, which are used 
in the food sector to assure product quality and safety and to 
reduce the counterparty risk. Keskin et  al.  (2023) analyze the 
case of smart contracts enabling automated trade, as long as the 
food supplied is sufficiently fresh, and examine the value of such 
smart contracts for a retailer.

Danese et  al.  (2021) emphasize the importance of the organi-
zational dimension in designing BC systems. In this regard, a 
critical and debated issue concerns the use of TPCBs combined 
with BC. BC eliminates the need for a central entity by vali-
dating and storing transactions through distributed consensus 

(Dutta et  al.  2020; Zhao et  al.  2022). However, current regu-
lations require that food consortia coordinate mandatory au-
dits conducted by an external certification authority to certify 
SC processes. In some BC pilots in the food sector, TPCBs are 
used to certify data reliability before uploading in BC, as in the 
Provenance case study (Leong et al. 2019) or in the wine indus-
try (Danese et al. 2021). In addition to this, a challenge in BC im-
plementation in food SCs is that the so-called hardware oracles 
(e.g., IoTs) are not always appropriate to measure all the needed 
parameters, which are sometimes difficult to assess and audit 
(Kamilaris et al. 2019).

2.2   |   Grounding BC Research in 
the Agency Theory

AT is one of the central theories in the literature on management 
and economics dealing with problems that arise when an entity, 
the principal, delegates another entity, the agent, to perform cer-
tain tasks on its behalf (Eisenhardt 1989). Ex post opportunism 
arises when the agent hides its real actions that diverge from the 
expected conduct. This is aggravated by information asymmetry, 
that is, when the principal has no information to verify whether 
the agent has properly performed its task, which also depends on 
the nature of the task and the degree of measurability of its out-
comes (Zu and Kaynak 2012; Ellram and Tate 2021). AT has been 
broadly used across different disciplines, including in the oper-
ations and SCM field, to analyze dyadic relationships between 
buyers and suppliers, investors and managers, and managers and 
employees where conflicts may occur (Fayezi et  al.  2012). The 
aim of these studies was to suggest appropriate mechanisms to 
reduce the likelihood of agents' ex post opportunism.

In a dyadic relationship between a principal and an agent, BC 
represents a promising behavior-based monitoring mechanism 
that allows the principal to effectively detect and deter any 
agent's' self-serving conduct by reducing information asym-
metry and, in turn, the risk of ex-post opportunism (Stranieri 
et al. 2021; Sterberg et al. 2021; Zhu et al. 2022). For this rea-
son, many studies (e.g., Kshetri  2018; Treiblmaier  2018; Cole 
et  al.  2019) have called for the use of AT as a theoretical lens 
to study BC. A recent review of the literature on BC by Zhu 
et al. (2022) reveals that AT is one of the theories most used in 
BC studies to interpret its adoption.

AT assumes that the effectiveness of an agent's behavior mon-
itoring tool depends on its ability to reduce information asym-
metry (Whipple and Roh 2010). Previous works show how BC 
reduces information asymmetry by enhancing traceability re-
garding the history of products and visibility about SC activi-
ties (Morgan et al. 2018; Fosso Wamba et al. 2020; Hastig and 
Sodhi  2020; Rao et  al.  2021; Xu et  al.  2021). According to Xu 
et al. (2021), the same BC features that ensure better data integ-
rity (i.e., data quality), data availability, and confidentiality also 
foster traceability and visibility, which are both closely related to 
transparency. Similarly, Stranieri et al. (2021) assess the positive 
impact of the BC in food SCs in terms of improved transparen-
cy—e.g., through better data accuracy, accessibility/availability, 
and real-time information updating. Many studies in the food 
sector (Antonucci et al. 2019; Rogerson and Parry 2020; Gligor 
et al. 2022; Mangla et al. 2021; Ahmed et al. 2022; Treiblmaier 
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TABLE 2    |    Blockchain systems.

Configuration 
choice Definition Options

Permission model Property of BC systems that determines 
who can become a node of the BC, 

thus can read, write, and verify 
information saved on the ledger. It 

determines the degree of information 
immutability (Chang et al. 2019; Dutta 

et al. 2020; Pandey et al. 2022)

•	 Public: (e.g., Bitcoin) Purely peer-to-peer, decentralized and 
permissioned. It allows anyone to join the network without 
authorization, read/write transactions and participate in 
the consensus process. It provides high guarantees of data 
immutability.

•	 Private: (e.g., Hyperledger Fabric) Permissioned and 
controlled by a central authority. It allows only a limited 
number of pre-authorized nodes to join the network, read/
write transactions and participate in the consensus process. 
It provides lower guarantees of data immutability compared 
to public ones.

•	 Hybrid: Make use of both public and private BCs. Public 
BC is used for data that requires a high immutability level, 
while private BC is generally used for sensitive data.

Data entry A way by which data is collected 
and entered on BC (Creydt and 

Fischer 2019; Kamble et al. 2019; van 
Hoek 2019; Bumblauskas et al. 2020; 

Torky and Hassanein 2020).

•	 Human: Data is collected, handled, and entered manually 
on BC by human operators by using a frontend interface 
that is installed on their digital devices. It can lead to poor, 
incorrect, or incomplete information, as well as delays.

•	 Internet of Things: Data is collected, handled, and uploaded 
to BC by IoT devices (e.g., sensors, scanners, cameras) 
without any kind of human interaction, lowering the risk of 
poor, incorrect, or incomplete information as well as time 
delays.

Consensus 
mechanisms

The consensus method that is 
used to approve the contents of 
a ledger (Kamilaris et al. 2019; 

Pandey et al. 2022).

•	 Type of consensus mechanisms, such as proof of work, proof 
of stack, proof of activity, etc.

Data veracity 
control measures

Controls and methods aimed at reducing 
the risk that the data saved on the 

BC has been subject to unintentional 
errors or intentional manipulations 

(Galvez et al. 2018; Kamble et al. 2019; 
Kamilaris et al. 2019; Kshetri 2018; 

Creydt and Fischer 2019; Leong 
et al. 2019; Schmidt and Wagner 2019; 

van Hoek 2019; Bumblauskas 
et al. 2020; Danese et al. 2021).

•	 No control: No data veracity control measure is used.
•	 Artificial intelligence: Algorithms designed to analyze data 

saved on BC, searching for potential mismatches that may 
indicate that reality has been altered.

•	 Third-party certification bodies (TPCBs): Independent, 
neutral actors that conduct on-field audits to certify the 
trustworthiness of the data collected and saved on BC.

Data-entry 
frequency

Parameter that specifies how 
often the collected data is entered 

into BC (Danese et al. 2021).

•	 Real-time: Collected data is uploaded to BC in real-time. It 
allows for supporting real-time decision-making.

•	 Periodical: Collected data is first grouped and then uploaded 
on BC after a time interval that can vary based on the user's 
requirements.

Smart labels Flat physical identifiers affixed to 
real-life objects that link them with the 
related digital information saved on BC 
(Leong et al. 2019; Danese et al. 2021).

•	 Common tagging techniques (e.g., barcodes, serial numbers, 
QR codes): Printed codes that can be easily read with the 
camera of a mobile device that automatically redirects to the 
product information. They are vulnerable to cloning.

•	 More sophisticated tagging techniques (e.g., RFID, NFC 
with data encryption): Microchips embedded in stickers or 
wristbands that store a reference to the product information 
and are generally read using a dedicated application 
installed on a mobile device. They can use specific security 
mechanisms that prevent their cloning.

(Continues)
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and Rejeb 2023) discuss the value of BC for improving SC visi-
bility and traceability.

Thanks to this, BC engenders trust, as the actors are confident that 
the SC members consistently execute the expected actions and re-
port accurate information (Falcone et al. 2021; Xu et al. 2021). The 
concept of BC as a ‘trust machine’ in the BC literature is widely dis-
cussed (Durach et al. 2021; Falcone et al. 2021; Xu et al. 2021), and a 
general claim is that BC substitutes trust between individuals with 
trust in the technology. Yet, this concept is not straightforward, 
and the debate is open. On the one hand, BC reduces information 
asymmetry thanks to better data quality, availability, immutability, 
or confidentiality, but, on the other hand, BC cannot guarantee that 
correct data are entered into the ledger or are updated (Kurpjuweit 
et al. 2021; Sternberg et al. 2021). Thus, BC would need trust be-
tween actors, but an SC of trusted actors does not need BC, which is 
a paradox (Sternberg et al. 2021). This perspective suggests, when 
studying BC trust and the issue of information asymmetry, the 
need to take into account the whole BC system and all its config-
uration choices (e.g., technologies supporting BC data input). For 
this reason, we will use the term ‘BC system trust’ to refer to the 
trust generated by the whole BC system, that, in line with the AT, 
is determined by the BC system's overall capability to reduce infor-
mation asymmetry (Whipple and Roh 2010).

Current BC research lacks studies that compare the different BC 
systems in terms of trust, considering not only the character-
istics of the BC technology itself, but also the complementary 

technologies and organizational tools supporting BC, and that 
link the different BC systems to the context in which they are 
implemented.

2.3   |   TOE Framework and Barriers to BC Adoption

According to TOE theory, the propensity of a firm to imple-
ment new technologies is influenced by three different aspects: 
its technological, organizational, and environmental contexts 
(Tornatzky and Fleischer 1990). The first includes the charac-
teristics of the innovation under consideration, the adopter's 
perception of its attributes, and the technological tools already 
used. The organizational context concerns the adopter's char-
acteristics and internal resources. The environmental context 
refers to the environment in which the adopter operates (e.g., 
regulatory, governmental, industrial).

Some scholars have used TOE as a theoretical foundation to ana-
lyze incentives or constraints to BC adoption (e.g., Clohessy and 
Acton 2019; Kouhizadeh et al. 2020; Orji et al. 2020; Kurpjuweit 
et al. 2021). This investigation is of pivotal importance consid-
ering the lower-than-expected BC adoption rates in many sec-
tors (Kouhizadeh et al. 2020; Durach et al. 2021). Although the 
terminology the authors used and the level of detail vary, by 
comparing prior BC studies using TOE and those outlining sig-
nificant TOE factors, Table 3 summarizes the most cited factors 
for each category of the TOE framework.

Configuration 
choice Definition Options

Customer 
communication 
channels

Types of channels adopted to enable 
final users to access the product-related 
information (Creydt and Fischer 2019; 
Leong et al. 2019; Danese et al. 2021).

•	 Website: Collection of static web pages that can be accessed 
using a desktop or mobile web browser.

•	 Mobile application: A software application that is 
downloaded and installed on users' mobile devices.

Proportion of 
accessible data 
that is saved 
on-chain

Proportion of the data accessible 
by consumers (through a web page 

or a mobile application) that is 
immutably saved on-chain (Leong 

et al. 2019; Danese et al. 2021).

•	 From 0% to 100%: The portion of the information presented 
to consumers that is also saved on-chain is generally 
variable. The higher its value, the higher the guarantee that 
data has not been subject to manipulations.

Smart contracts Computer software that executes 
pre-defined actions (e.g., alerts) when 
certain conditions are met (Kim and 
Laskowski 2018; Keskin et al. 2023).

•	 No: Smart contracts are not used.
•	 Yes: Smart contracts are used to monitor environmental 

conditions (e.g., temperature, humidity, light exposure, 
sudden fall) and automatically signal when any violation 
occurs.

Tokens Digital representation of real-world 
assets (e.g., raw materials, semi-finished 

or finished products) on BC (Leong 
et al. 2019; Caldarelli et al. 2020).

•	 No: Tokens are not used.
•	 Fungible (ERC20): Tokens that cannot be distinguished. 

They represent interchangeable goods, such as crude oil, 
wine, or currency.

•	 Non-fungible (ERC721): Tokens that can be distinguished. 
They represent non-interchangeable goods, such as different 
cars.

Traceable 
resource unit

Object of traceability (Kim and 
Laskowski 2018; Kamilaris 

et al. 2019; Leong et al. 2019; 
Bumblauskas et al. 2020).

•	 Single product: Trade unit.
•	 Multiple product: Unit that comprehends multiple products. 

It can be a logistic unit (e.g., pallet or container) or a 
production unit (e.g., a production batch).

TABLE 2    |    (Continued)
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Some studies (Kamilaris et al. 2019; Köhler and Pizzol 2020; Vu 
et al. 2021; Pandey et al. 2022) focused on BC adoption in food 
SCs and related barriers. A big challenge mentioned is technology 
accessibility, which is exacerbated by the increasingly complex 
digital technology linked to BC (e.g., sophisticated sensors), the 
information infrastructure needed, and a general lack of skills in 
BC, also due to the small size of farmers as well as the immatu-
rity of BC technology (Kamilaris et al. 2019). Consequently, SC 
actors often perceive BC technology complexity as a major bar-
rier. A further obstacle cited is the uncertainty surrounding BC 
sustainability and its long-term impact (Kamilaris et  al.  2019; 
Vu et al. 2021). It is difficult to evaluate the relative advantage 
of its adoption, given the high implementation costs and efforts 
BC entails, and without a clear understanding of its actual need 
(Vu et al. 2021). The lack of regulations/standards and techni-
cal limits (scalability, interoperability/fragmentation, and pri-
vacy issues) are also discussed in BC papers in the food sector 
(Kamilaris et al. 2019; Köhler and Pizzol 2020; Vu et al. 2021; 
Pandey et al. 2022), as well as in other industries (Babich and 

Hilary 2020; Dutta et al. 2020; Orji et al. 2020; Balci and Surucu-
Balci 2021; Kurpjuweit et al. 2021), revealing the scarce level of 
BC technology maturity.

We can find similar findings in the framework developed by 
Chen et al. (2021). By reviewing literature on BC in food SCs, they 
apply TOE to investigate barriers to BC adoption. They classify 
them into five major challenges: (a) the complexity of integrating 
data, systems, and users (e.g., due to different BC platforms or 
multiple types of data); (b) the immature implementation of BC, 
which leads to low familiarity, a labor and skill shortage, and 
low users' acceptance; (c) BC technology characteristics (e.g., 
scalability, privacy, transaction capability); (d) high investments 
in BC systems; (e) the absence of regulation and standards. 
Kurpjuweit et al. (2021) apply TOE to investigate BC adoption in 
additive manufacturing and, although the context is different, 
some recurring results can be found. For instance, they iden-
tify developing and integrating a compatible BC solution as the 
greatest technological barrier in terms of BC integration in the 

TABLE 3    |    Blockchain TOE adoption factors.

Dimensions Factors References

Technological Technology complexity Clohessy and Acton (2019), Clohessy et al. (2019), Kamilaris 
et al. (2019), Köhler and Pizzol (2020), Lansiti and Lakhani (2017), 
Morabito (2017), Pandey et al. (2022), Pilkington (2016), Woodside 

et al. (2017), Vu et al. (2021), Zamani and Giaglis (2018).

Relative advantage Chen et al. (2021), Clohessy and Acton (2019), Crosby et al. (2016), 
Kamilaris et al. (2019), Lansiti and Lakhani (2017), Morabito (2017), 

Pilkington (2016), Sternberg et al. (2021), Tapscott and Tapscott (2016), 
Vu et al. (2021), Woodside et al. (2017), Zamani and Giaglis (2018).

Compatibility with 
existing technology

Clohessy and Acton (2019), Chen et al. (2021), Kamilaris et al. (2019), Köhler 
and Pizzol (2020), Lansiti and Lakhani (2017), Morabito (2017), Pandey 
et al. (2022), Pilkington (2016), Vu et al. (2021), Woodside et al. (2017).

Technology maturity Biswas and Gupta (2019), Chen et al. (2021), Clohessy and Acton (2019), 
Dutta et al. (2020), Kamble et al. (2019), Kamilaris et al. (2019), 

Kurpjuweit et al. (2021), Lansiti and Lakhani (2017), Morabito (2017), 
Orij et al. (2020), Pilkington (2016), Tapscott and Tapscott (2016).

Organizational Organizational size Clohessy and Acton (2019), Clohessy et al. (2019), Crosby et al. (2016), 
Lansiti and Lakhani (2017), Morabito (2017), Pilkington (2016), 

Tapscott and Tapscott (2016), Zamani and Giaglis (2018).

Top management 
support

Clohessy et al. (2019), Clohessy and Acton (2019), Crosby et al. (2016), Lansiti and 
Lakhani (2017), Morabito (2017), Pilkington (2016), Zamani and Giaglis (2018).

Organizational 
readiness

Clohessy and Acton (2019), Clohessy et al. (2019), Crosby 
et al. (2016), Morabito (2017), Sternberg et al. (2021), Tapscott 

and Tapscott (2016), Zamani and Giaglis (2018).

Environmental Governmental 
incentives

Biswas and Gupta (2019), Clohessy and Acton (2019), Crosby 
et al. (2016), Morabito (2017), Kamble et al. (2019), Saberi et al. (2019), 

Sternberg et al. (2021), Tapscott and Tapscott (2016).

Regulatory 
environment

Chen et al. (2021), Clohessy and Acton (2019), Clohessy et al. (2019), Crosby 
et al. (2016), Dutta et al. (2020), Kamilaris et al. (2019), Köhler and Pizzol (2020), 

Kurpjuweit et al. (2021), Lansiti and Lakhani (2017), Morabito (2017), 
Orji et al. (2020), Pandey et al. (2022), Tapscott and Tapscott (2016), Vu 

et al. (2021), Woodside et al. (2017), Zamani and Giaglis (2018).

Industry pressure Clohessy and Acton (2019), Clohessy et al. (2019), Crosby et al. (2016), 
Lansiti and Lakhani (2017), Pilkington (2016), Stenberg et al. (2021).
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existing information structure, BC-related technologies (e.g., 
sensors), interoperability, and lack of standards between differ-
ent BCs. Among the most relevant organizational barriers, they 
also mention the high implementation costs, and linked to this, 
the lack of top management support. Again, one of the most rel-
evant environmental barriers is the absence of a common regu-
lation, as regulatory conditions depend on national legislation.

These studies offer a rich overview of the numerous reasons that 
can deter companies from adopting BC. Yet, within this stream, 
some significant research directions are proposed to advance 
knowledge further. A major research gap regards the paucity 
of studies that differentiate between different BC systems when 
studying the link between BC adoption and contextual/TOE 
factors, although many works suggest that this is fundamental. 
For instance, different BC-complementing technologies (e.g., 
IoTs) can determine different levels of technology complexity 
perceived by potential adopters, which can influence adoption 
decision (Chen et al. 2021; Kurpjuweit et al. 2021). Other studies 
(Falcone et al. 2021; Xu et al. 2021) posit that exposure to differ-
ent technological design features can affect the willingness to 
adopt and use a new technology and analyze how some specific 
BC features influence managers' perceptions and willingness to 
adopt. Sternberg et al. (2021) develop a model for BC adoption, 
based on tensions between drivers in favor of and against BC, for 
example between the perceived benefits (e.g., enhanced product 
traceability) and additional data input costs for infrastructural 
and workload investments; or between the use of BC as a ‘trust 
machine’ and the need to rely on trusted partners for data input. 
It is evident that different BC systems can exacerbate or ease 
these tensions, facilitating or hindering BC adoption. Finally, 
Treiblmaier and Rejeb  (2023) recommend to not treat BC as a 
black box with assumed properties, but to differentiate between 
different BC systems when analyzing acceptance and adoption.

This perspective moves attention from the contextual factors in-
fluencing the willingness to adopt a BC solution to the need to 
consider the perceptions of agents towards different BC systems 
and, when required, adapt a BC system design to the adopters' 
needs and the context in which they are embedded.

3   |   Research Methodology

This research is based on a BC project promoted by one of the 
major Italian consortia of fruit producers and packers. The units 
of analysis investigated are the principal–agent dyads, where 
the principal is the consortium that aims to control for any op-
portunistic conduct that may compromise product quality and 
safety, and the agents are the diverse companies in the supply 
network, from food cultivation to distribution and retail. This 
approach was judged appropriate given the research aim (see 
RQ1 and 2). Analyzing different dyads within the same supply 
network while keeping the principal constant provides the nec-
essary variability to examine influencing key variables while 
avoiding potential confounding effects that might undermine 
the study's validity (e.g., different principals can use BC for dif-
ferent purposes).

In this research, some general theories (AT and TOE) were iden-
tified to approach the empirical context, with an emphasis on 

abductive reasoning. TOE theory and AT, together with existing 
literature on BC, provided researchers with a priori theoretical 
considerations to deduce the various elements that characterize 
the different BC systems used to control agents' behavior and 
what contextual variables influence BC systems proposed by the 
principal and BC used by the agents. Figure 1 summarizes the 
research process, the main steps of which are detailed below.

3.1   |   Case Selection and Sample 
of Principal–Agent Dyads

A BC implementation case was searched that met the following 
criteria: shows a certain complexity in terms of the diversity of 
actors in the supply network involved in BC use and concerning 
the diversity of BC systems; is relevant for safety and health risk 
in the food sector; and where the BC system is in use (not at a 
conceptual stage). Initially, three potential cases were identified 
at conferences and workshops dedicated to BC and by gathering 
information from the Internet and newspapers. The first case 
concerned BC application in the tomato industry, but it was ex-
cluded because the only supply network actors involved in the 
project were farmers and packers who implemented the same BC 
system. The second case was in the wine industry and involved 
a major Italian consortium. However, the involved companies 
were all fully integrated and again lacked sufficient diversity in 
the BC systems adopted.

The chosen case, which met the selection criteria, involves an 
Italian consortium of fruit producers and packers with more 
than 500 associates. This consortium is responsible for assur-
ing the quality and origin of fruits produced in a specific area of 
an Italian region (that accounts for more than 50% of national 
production), which the European Union decided to promote and 
protect with the PGI label because of the microclimate and soil 
organoleptic characteristics that determine the fruits' unique 
quality. Only the consortium associates can benefit from the 
PGI brand, which is a guarantee of quality for final consumers.

The main role of the consortium is the supervision and protec-
tion of the brand from abuse, acts of unfair competition, coun-
terfeiting, improper use of the PGI label, and non-compliance 
with PGI specifications. Examples of opportunistic behaviors 
are the use of pesticides or fungicides not permitted by the PGI 
specifications; the inclusion in the packaging of fruits not com-
ing from the PGI area; packagers or retailers not communicating 
the real sold quantities; the selling of fruits with anthocyanin 
levels lower than a threshold limit (product quality assurance); 
and the failure to comply with temperature and humidity con-
ditions during transportation and storage. To guarantee both 
consumers and associates (i.e., producers and packers) about 
the adherence to the PGI specifications, the consortium decided 
to equip itself with a product traceability system and, in 2019, 
launched a project to explore the efficacy of BC to monitor ac-
tors' conduct along the supply network. This BC project was 
judged particularly interesting for the present study as it was at 
a pilot (not conceptual) stage and was designed to involve over 
time many actors in different supply network tiers (i.e., growers, 
packers, transporters, importers, customs, large-scale distrib-
utors, neighborhood fruit markets, and fruit stores) (Figure 2), 
which is a fundamental selection criterion in this research. At 
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the time of this writing, the project includes seven consortium 
associates (i.e., five producers, two packers), two shippers, two 
logistics providers, one Italian large retail chain, and one im-
porter, who acted as facilitator in coordinating the BC project 
in the Chinese part of the distribution/retail network (i.e., in-
cluding one logistic provider and one large retail chain). Being 
a BC pilot project, only a portion of the consortium associates 
was involved; however, the participants covered almost all the 
supply network tiers, excluding the customs, neighborhood fruit 
markets, and small family-owned fruit stores, which will be in-
volved in the future. The consortium's monitoring of the activi-
ties of these actors is of paramount importance because, in each 
production and distribution phase, the behavior of a single actor 
could compromise product safety and quality, jeopardizing the 
high-quality product image.

After verifying the willingness of the consortium and the BC 
technological provider (TP) to participate in this research proj-
ect, an agreement was reached on how to select and contact 
the potential agents in this study. The aim was to choose prin-
cipal–agent dyads following literal and theoretical replication, 
searching for cases presenting similarities and differences along 
the dimensions of interest, namely, the BC systems (e.g., type of 
permission model, data entry, etc.) and the context (e.g., agent's 

supply network tier, size, and nationality) (Yin 2017). The con-
sortium provided researchers with information about the pio-
neer associates involved in the BC project since its conception 
(i.e., two producers and one packer). They were contacted and 
provided with a brief introduction of the team, the study's ob-
jectives, and were asked for their willingness to take part in this 
research. All the pioneers agreed to participate in this study, as 
well as two shippers, two logistics providers, one importer, and 
one Italian large-scale distributor. They would remain anony-
mous and receive the final study report. To include in the analy-
sis dyads across all the supply network tiers, the design and use 
of BC in the Chinese portion of the supply network was investi-
gated thanks to the involvement of a key informant working for 
the importer, a consultant who was part of the BC project team 
since the beginning and acted as a facilitator of BC adoption in 
the Chinese distribution network. In total, 11 principal–agent 
dyads were analyzed (Table 4).

3.2   |   The BC Project

At the BC project kick-off, the consortium declared the desired 
benefits: to contrast counterfeiting, to enhance the brand (espe-
cially in the Chinese market), to facilitate control activities, to 

FIGURE 1    |    The research process.
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simplify bureaucracy and reduce paper, to lean processes and 
speed throughput (very important for perishable food, like fruit), 
to reduce errors in data entry, to facilitate customs clearance, 
and to monitor the fruit status and temperature during trans-
portation. The consortium intended to implement a BC-based 
product traceability system to guarantee the fruit's origin and 
integrity. The reasons were, on the one hand, to protect con-
sumers from the opportunistic conduct of unfair competitors 
that use fake PGI labels and, on the other hand, to safeguard 
consumers, customers, and associates about full compliance 
with PGI specifications, such as harvesting location and date, 
quality control types and timing, storage, and transportation 
conditions. Product tracking started in the 2019–20 winter har-
vesting season with the support of a digital platform based on 
BC technology created ad hoc by the TP, inspired by previous 
experiences in the wine and olive oil SCs.

By scanning an NFC tag affixed to the fruit crate or net, a 
mobile application with a BC backend presents users with 
the most relevant information for their context. All project 
partners are enabled to upload data to BC using their signa-
tures. This is a differentiating element compared to previous 
projects in which the TP had been involved, in which it was 
delegated for data entry. Decentralization was intended to 
speed up the BC update and make the SC actors more com-
mitted to regular and truthful data entry. For on-site audits, 
the consortium delegates a TPCB, recognized by the Ministry 
of Agriculture but different from the one that carries out the 
checks for the Ministry. To comply with the legal provisions, 
data gathered during such controls is first saved on the Italian 

national agricultural information systems and then synchro-
nized on the BC. The same applies also for data concerning 
the localization of each fruit grove in the PGI area, documents 
related to the Ministerial Certification Body audits, and data 
related to weather conditions during the fruit growth and har-
vesting season (monitored by sensors of the regional network 
of weather stations). The use of data related to product trace-
ability stored in the BC creates the condition for a profound 
simplification, improvement, and speeding up of control ac-
tivities because it is no longer necessary to employ dozens 
of people for paper controls and is instead possible to divert 
the personnel of the certification bodies to on-site audits. The 
NFC tag connected to the BC system guarantees, on the one 
hand, the certain provenience of the data, based on informa-
tion coming from companies linked to the consortium or the 
public administration, and, on the other hand, the correct link 
with the certified and immutable history of the product (e.g., 
origin, controls, transactional data along the different actors 
of the supply chain). The BC stores both data visible to the 
consumer and data encrypted with appropriate keys, which 
are made accessible only to some actors (e.g., consortium, 
certification bodies, project partners). Each actor can decide 
which data to make public (unencrypted). Based on the level 
of confidentiality, data is stored on the Ethereum public BC or 
the private Enterprise Ethereum BC, which grants different 
levels of accessibility to SC actors. This hybrid BC solution is 
also open, as it can always be integrated by new partners who 
can join without changing their BC platform. This feature was 
designed with the aim of extending the system to foreign im-
porters and distributors.

FIGURE 2    |    Supply network involved in the BC project. BC project evolves fast, and this is the situation at the time of writing, *Producers can sell 
goods directly to final customers; **Transhipment between the Italian large-scale distributor and the fruit market may occur.
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3.2.1   |   The Context of Distribution Channels

Analyzing the characteristics of the various distribution chan-
nels is essential for the present case study. This helps to better 
understand why neighborhood fruit markets and small family-
owned fruit stores were excluded by this BC pilot project and, 
more generally, to consider the potential implications of BC in 
the fruit and vegetable trade.

The decision of the food consortium to initially focus the pilot 
project on the large-scale retailer channel was driven by several 
reasons. First, this channel is by far the most significant distri-
bution channel for the fruit. Second, due to its characteristics 
(i.e., high water content), the fruit has a strong export potential, 
and the only distribution channel outside of Italy is large-scale 
retailers. Third, although the consortium contemplates this pos-
sibility, involving neighborhood fruit markets and small family-
owned fruit stores in a BC pilot project is more challenging, as 
these are typically micro- and small businesses with very lim-
ited resources and staff.

The 2024 Italian report by ISTAT—the Italian National 
Institute of Statistics—indicates that large-scale retailers re-
main the dominant distribution channel for fruits and vege-
tables, while small shops and fruit markets are experiencing 
a decline (ISTAT  2024). These latter channels have lower 
margins compared to large-scale retailers, as they lack the 
capacity to achieve cost reductions through bulk purchasing. 
Their gradual contraction began years ago, driven by broader 
changes in consumer purchasing habits and consumption 
patterns (Autorità Garante della Concorrenza e del Mercato 
[AGCM]  2007). To survive, these businesses have special-
ized in specific niche segments, focusing on so-called “zero-
kilometer” products, which refer to locally sourced items. 
Neighborhood fruit markets exhibit flexibility in their prod-
uct offerings, adjusting to the seasonality of local produce 
and selling products in small quantities. They thrive in frag-
mented supply contexts, particularly for those products for 
which large-scale retailers are unable to identify one or a few 
large producers or consortia from whom to source.

Thus, neighborhood fruit markets and small fruit shops operate 
under a business model and within an SC, which is very differ-
ent from those of large-scale retailers.

They rely on very short SCs, as producers are geographically 
concentrated in a nearby area, whereas large-scale retailers 
sell food from various sources, including imported items, pur-
chased in large quantities. The SCs of the latter are long and 
complex, often involving intercontinental shipping. In addition, 
consumers of neighborhood fruit markets and small shops are 
well-acquainted with the products they purchase (e.g., their ap-
pearance, flavor, etc.), as well as the area where local producers 
cultivate them. Consequently, the risk of purchasing counter-
feited products is minimal in comparison with goods sold by 
large-scale retailers. Additionally, food is replenished frequently 
and in small quantities, mitigating concerns related to food 
spoilage.

Although neighborhood fruit markets and small family-owned 
fruit stores were not included in the present case study, potential 

implications of BC and future scenarios on BC adoption are dis-
cussed in Section 5 to provide a broader perspective on BC use 
in the fruit and vegetable SCs.

3.3   |   Data Collection

Data collection was conducted in the period between 
January 2019 and October 2022. The investigation relied on 
both a real-time collection of information and retrospective 
reconstructions.

Semi-structured interviews were chosen as the primary data 
source because they represent a highly efficient way to gather 
rich and empirical data (Voss et  al.  2002). In total, we col-
lected 27 interviews. A first set of informants was selected 
from the TP and food consortium. We interviewed three se-
nior managers from the TP (i.e., the BC Solutions Architect, 
the Head of Blockchain and Distributed Ledger Function, 
and the Head of the Healthcare, Agriculture & Environment 
Service). The BC Solutions Architect had a deep knowledge of 
all technical features of the BC solutions designed and applied 
in the BC project, as well as of BC technology in general and 
its application in the food sector. Together with the Head of 
Blockchain and distributed ledger function, he had been re-
sponsible for analyzing the supply network (Figure 2) (e.g., pe-
culiarities, the flow of materials and information/documents, 
etc.) and organizing appropriate support and training for all 
actors interested in participating. The Head of the Healthcare, 
Agriculture & Environment Service was part of the BC proj-
ect team and was informed about how the BC project evolved 
over time and its expected impact. We also interviewed the 
President and the Vice-President of the food consortium. They 
were experts in the sector and the supply network. They knew 
very well the characteristics of the associates, transporters, 
importers, and stores in the network, existing/potential mar-
kets, as well as the monitoring mechanisms, standards, and 
regulations in place. They were also aware of opportunistic 
behaviors, already occurred in the past or were potential. 
Together with TP managers, they set the goals and timing of 
the project, searched for external funding, and monitored it by 
documenting details, decisions, and any changes that occurred 
during the BC design and implementation. These informants 
provided us with useful written material and reports.

A further set of key informants came from the agents in the 
supply network involved in the BC project (i.e., CEOs, IT 
managers, or operations managers); in particular, from the 
fruit producers A and B, shippers C and D, packer E, logistics 
providers F and H, large-scale distributor G, and the Chinese 
importer J. They were informed about the BC project (e.g., 
reasons leading to its adoption, expected results, BC function-
alities) and the role of their company in the supply network. 
They provided us with useful details on their immediate net-
work. Since A–E were small companies, CEOs played opera-
tional roles (e.g., as agronomists in the fruit producers) and 
thus knew very well the operational processes of their com-
pany. In addition, we interviewed a consultant working for 
the importer J as ‘import–export specialist’. His knowledge 
of the Chinese market and regulations, as well as of possible 
opportunistic behaviors of actors involved in fruit distribution 
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in China, was very useful. In addition, he provided us with 
information on the large-scale distributor K and the Chinese 
logistics provider I.

Finally, a further set of key informants comes from four tech-
nology providers (not involved in this BC project), experts in BC 
design and use for food traceability, operating also in sectors 
different from agri-food. Two were global professional services, 
one was an Italian start-up, and one was a Swiss software house. 
Their involvement was fundamental to assessing the technical 
features of BC systems, their strengths and weaknesses, and 
thus the level of system trust of BC systems.

The interview with each respondent lasted between 45 and 120 min 
and was conducted by two researchers who had previously con-
ducted other studies in the BC field to reduce potential observers' 
bias, enhance convergence of observations, and, therefore, in-
crease confidence in the findings (Yin 2017). For all dyads, mul-
tiple perspectives were considered by asking, when appropriate, 
respondents from the consortium, the TP, and the company acting 
as agent the same questions. The interviews followed a case re-
search protocol with a common structure (Appendix 1: Table A1), 
although the set of questions was tailored accordingly to the dif-
ferent interviewees (Yin 2017). The questions for the consortium 
and the TP focused on general information about the implementa-
tion of the BC project in the supply network, the design of the BC 
system, and specific information on each dyad. The questions for 
agents focused on the BC implementation, specifically within the 
dyad. The protocol was developed based on the prior theoretical 
underpinnings of BC, TOE theory, AT, and our research questions. 
Interviewees were encouraged to provide any additional informa-
tion besides the pre-defined questions of the protocol, and valuable 
data was gained from informal conversations. To improve data re-
liability and internal validity, each interview was recorded with 
the express consent of the respondents and subsequently tran-
scribed verbatim. Interviews were followed up with emails and/
or calls with the interviewees for clarifications, to gather further 
information, or to confirm the correctness of our interpretations 
(Yin 2017).

To cross-check information and complement any missing data, 
the research team triangulated information/data derived from 
the interviews, official documentation related to the BC project, 
and any additional insights from other secondary data sources, 
such as company websites and press releases. In addition, the 
researchers learned what documents and information were ex-
changed through BC and the methods used for BC data input 
and reading across the supply network. All the gathered data 
were stored and organized in a case study database for subse-
quent analyses.

3.4   |   Data Analysis

Data analysis was based on abductive reasoning (Ketokivi and 
Choi  2014). BC literature, TOE theory, and AT provided re-
searchers with an a priori view of possible concepts and links, 
which were refined as the empirical data analysis progressed. 
It included a within- and cross-case analysis and was based on 
three steps: (a) data reduction, (b) data display, and (c) conclu-
sion drawing/verification (Miles and Huberman 1994).

The within-case analysis began by writing up a detailed case 
narrative for each of the observed dyads. The large amount of 
raw data collected for each case (interview transcripts, direct 
observation, documentation, and secondary data) was con-
verted into text files and analyzed, organized, and coded (see a 
coding example in Data S3). Major themes were first identified 
based on the research questions (open coding), namely, ‘BC 
systems’ and ‘contextual factors’. Subthemes emerged by ana-
lyzing and comparing data across cases and based on the liter-
ature (axial and selective coding). The BC literature helped to 
identify relevant variables to characterize and differentiate BC 
systems. AT guided our attention towards the risk of agents' 
ex-post opportunism and TOE theory towards some factors 
characterizing the agents. The data for each case was then 
summarized into tabular displays, including a synthetic case 
description broken down into the relevant variables and the 
corresponding rating of each variable (Appendix 2: Tables B1 
and B2) (Yin 2017).

Afterwards, cases were compared to isolate patterns or linkages 
between variables emerging from the data and to detect com-
monalities and differences (Voss et al. 2002). To this end, causal 
network analysis was adopted (Miles and Huberman  1994). 
An initial version of causal networks was produced by fo-
cusing on the variables that covaried, that is, seemed to have 
some kind of causal relationship. Each identified relationship 
was evaluated by all researchers until consensus was achieved 
and described through analytic text. Finally, the results of our 
analyses were discussed with interviewees to corroborate the 
validity of the relations identified in causal networks (Miles 
and Huberman  1994). They were summarized in the form of 
propositions.

4   |   Analysis and Results

4.1   |   Within-Case Analysis

After data collection, cases were broken down, examined, and 
compared to identify commonalities and differences in the BC 
systems designed and proposed by the principal and used by 
SC actors. The analysis differentiated between the BC system 
designed and considered the ‘ideal’ solution by the consortium, 
given its need for monitoring each specific agent, and the BC 
system effectively used by the agent, which in some cases dif-
fered to facilitate the agent's adoption based on its needs. Each 
dyad was then characterized based on context, considering both 
the risk level of an agent's ex-post opportunism, as suggested 
by AT, and TOE factors considered in the related literature. In 
line with Zsidisin and Ellram (2003), the risk of the agent's ex-
post opportunism was rated as high, medium, or low. The risk 
matrix used to assess agent's ex-post opportunism considers the 
likelihood that an opportunistic behavior occurs—depending 
on absence/presence of monitoring mechanisms that discour-
age misconduct, outcome measurability, and convenience to 
cheat (e.g., the damage to brand reputation in case of quality and 
safety issues)—as well as potential detrimental consequences 
on product quality and safety (Figure  3). TOE factors refer to 
the agents' contexts, as the aim was to understand the factors 
influencing their use of different BC systems (RQ2). Detailed in-
formation for each dyad is provided in Tables 5–8.
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4.2   |   Cross-Case Analysis

4.2.1   |   Level of System Trust of BC Systems and Risk 
of Ex-Post Opportunism

BC systems observed in the different dyads were compared and 
assessed. For each BC system, the researchers identified an 
overall level of system trust, considering its capability to reduce 
information asymmetry in terms of data availability, data im-
mutability, data veracity, and responsiveness, which are crucial 
dimensions in measuring transparency (Stranieri et al. 2021; Xu 
et al. 2021). Data availability refers to the degree to which stake-
holders (e.g., food operators; in our case, the principal) have 
access to information; data immutability and veracity are fun-
damental components of data quality/integrity; responsiveness 
refers to the ability to share real-time information in a synchro-
nized way along the SC. This assessment was based on informa-
tion provided by the interviewees, mainly from the TPs involved 
in this BC project, as well as the additional TPs interviewed (not 
part of this BC project), triangulated with technical information 
on the functioning of each BC configuration choice.

By comparing the dyads and rating BCs according to their level 
of system trust, four distinct clusters of BC systems emerged 
(Table 9).

In some cases (Cluster 1), since the permission model was pri-
vate, data was manually entered into BC without any use of IoT 
or inspection by a TPCB, and smart contracts were not used, sys-
tem trust was assessed at a minimum level. Similarly, in Cluster 
2, data entry was manual, IoT and smart contracts were not 
used, and no TPCB was involved. However, the level of system 
trust was slightly higher (at a low level) than in Cluster 1, as the 
permission model was hybrid, and this suggests that the princi-
pal could access information publicly saved on BC by the agent, 
which assured better data visibility, immutability, and veracity. 
Cluster 3 differed from the latter, as a TPCB was also involved in 
verifying data veracity, which offers a higher guarantee of sys-
tem trust than in Cluster 2 (classified as medium level). Finally, 
in Cluster 4, system trust was considered at a high level since 
(a) the permission model was hybrid; (b) data was collected and 
uploaded on BC in real-time by IoTs, previously verified and cal-
ibrated by a TPCB, and, when this was not possible, they were 
manually collected and uploaded into BC after being checked by 

the TPCB; and (c) smart contracts were used to alert SC actors 
to anomalous situations. Taken together, these characteristics 
guaranteed a higher data veracity and responsiveness compared 
to the other BC systems, in addition to a high data visibility and 
immutability.

These four clusters of BC systems do not represent all possi-
ble BC configurations. However, they reflect different levels 
of system trust, which is the focus of this study. An important 
point of discussion raised with BC experts, the TPs, and the 
consortium was whether a BC system based on a private per-
mission model could be helpful as a monitoring tool for the 
consortium, which had no visibility on data registered in the 
private BC. On the one hand, the fact that a portion of the sup-
ply network used a BC to register data represented a guaran-
tee for the consortium that a control measure of downstream 
actors' activities was in place. On the other hand, the fact that 
data was not shared limited the possibility of monitoring, and 
thus the level of system trust was assessed at a minimum level. 
In fact, a private permission model reduces not only data vis-
ibility but also data immutability and veracity. The TP was 
studying possible solutions that would allow connecting het-
erogeneous BC systems so that data could be shared upstream 
with the consortium.

Grounded on AT, a basic a priori argument of this study is 
that different BC systems should be designed based on con-
text, particularly depending on the risk of ex-post opportun-
ism. The analysis revealed that the designed BC systems had 
a level of system trust consistent with the risk of an agent's 
ex-post opportunism; namely, the higher the risk of ex-post 
opportunism, the higher the level of system trust that the BC 
system needed to guarantee (this visual pattern is illustrated 
in the Data).

Interviews were useful in understanding why and how different 
BC systems were designed for different agents. The President 
of the consortium said: “Monitoring production and cultivation 
phases is crucial because these could have a tremendous impact 
on food quality and safety. The number of activities to control 
is impressive, and some fraudulent behaviors, such as the im-
proper use of pesticides, are very difficult to detect. Although 
on-site and documental audits conducted by our certification 
body can deter unfair conducts, my feeling is that the risk 

FIGURE 3    |    Risk of ex-post opportunism.
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TABLE 5    |    BC systems use (within-case analysis).

Dyad Description Variable Rating

A
(Consortium—
Company A/Fruit 
producer)

For each production batch, company A collects different data on 
harvested fruits (e.g., quantity, variety, organoleptic characteristics) 

and cultivation processes (e.g., climatic conditions, farming 
location, days and kinds of insecticide or pesticides treatments, 

irrigation, date of harvesting, compliance with quality standards, 
etc.) and records it on BC, together with company A's general 

information. Based on the level of confidentiality, data are stored 
on the Ethereum public BC or the private Enterprise Ethereum 
BC, which grants different levels of accessibility to SC actors. 

For example, growing parameters are stored publicly and can be 
accessed by anyone, while the quantity of harvested fruits is saved 

privately and made accessible only to authorized SC actors.

Permission model Hybrid

Data entry is twofold: Most information is manually entered onto the 
BC by the company's administrative staff using a user-friendly software 

interface implemented on the technological devices already in use 
(e.g., smartphones, personal computers). IoT sensors are also used to 
automatically measure critical environmental conditions during the 

cultivation phase, namely the temperature, soil moisture, and quality.

Data entry Human + IoT

An independent third-party certification body is delegated 
by the consortium to verify the adherence of data on BC with 

real-world occurrences as well as the correct functioning 
of IoT devices. Data gathered during the on-site audits are 
first saved on the Italian national information systems for 

regulatory concerns and then synchronized on the BC.

TPCB Yes

Smart contracts are used to automatically trigger alerts when 
certain parameters detected by IoT sensors exceed the pre-defined 
thresholds in order to stimulate plant-health checks and prevent 

quality issues. In particular, they signal a lack or excess of water and 
a too low or high temperature, which can alter fruit characteristics. 
Moreover, the occurrence of specific conditions of temperature and 

soil moisture may encourage the development of plant diseases.

Smart contracts Yes

B
(Consortium—
Company B/Fruit 
producer)

Ethereum public BC and Enterprise Ethereum private BC 
are jointly used to store farm-, product- and process-related 
data. Company B can decide which uploaded information 

will be publicly accessible and which ones will be only open 
to a few selected members who have permission to avoid 

the disclosure of sensitive information to competitors.

Permission model Hybrid

IoT sensors complement BC to create transparent, immutable and 
auditable records of: ambient temperature and relative humidity in the 
cultivation phase. These data are collected automatically and in real-
time with a pre-defined sampling frequency, and directly transmitted 

to BC without requiring manual entry, to ensure integrity. The 
remaining information is still inserted manually by internal workers.

Data entry Human + IoT

As in case A, data uploaded on BC are certified by a 
third-party certification body, which also verifies the 

functioning and calibration of IoT sensors. These data are 
also stored in the Italian national agricultural system for 

reasons of compliance with government regulations.

TPCB Yes

Smart contracts perform self-check on environmental 
conditions and automatically notify the company when any 
potentially dangerous violation of default tolerances occurs 

in order to foster timely phytosanitary inspections.

Smart contracts Yes

(Continues)
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remains high.” Interviewees agreed that the producers operate 
in a context characterized by a high risk of ex-post opportun-
ism. In cases F, H, and I, the agents were logistics providers; 
again, the risk of ex-post opportunism was considered high. The 

Vice-President of the consortium commented: “In the absence of 
any monitoring of temperature and humidity during transporta-
tion by ships or trucks, the products deteriorate, compromising 
food quality and safety. Control is essential because no carrier 

Dyad Description Variable Rating

C
(Consortium—
Company C/
Italian shipper)

For each production batch that is shipped by the carrier, many details 
are recorded on BC about transportation, such as goods arrival and 
departure, temperature and humidity storage conditions as well as 

general information about the logistic provider (e.g., name, location, 
etc.). The platform allows the company to decide whether to save the 

data publicly on the Ethereum BC or on the Enterprise Ethereum 
BC to restrict access. Product information that is useful for all SC 
actors is saved publicly (e.g., data related to final product quality).

Permission model Hybrid

BC is supported by IoT devices to accurately monitor 
geographical location during transportation as well as 

shipping conditions that are critical for preserving fruits 
quality and freshness, namely the temperature and humidity 

parameters that can favor the formation of mildew. Data 
captured by sensors are transmitted in real-time to the BC.

Data entry IoT

IoT sensors are installed on the transport vehicle and verified 
by a third-party certification body to ensure their correct 

functioning and therefore the validity of data entry on BC.

TPCB Yes

In order to mitigate potential quality deteriorations, smart 
contracts execute real-time temperature and humidity controls 

and automatically trigger in-transit notifications to the consortium 
and carrier whenever any violations to pre-defined limits occur.

Smart contracts Yes

D
(Consortium—
Company D/
Italian shipper)

The carrier records data about the goods transported (e.g., quantity, 
number of production batch), transport conditions and the time 
information on arrival and departure. Data can be saved on the 

Ethereum BC or kept private on the Enterprise Ethereum BC, based on 
the carrier decision. The shipper currently shares all the data publicly.

Permission model Hybrid

As in case C, IoT sensors are used to automatically update and transmit 
real-time data on temperature, humidity and geographical location.

Data entry IoT

As in case C, a trusted third-party certification body supervises and 
certifies the functioning of IoT sensors installed on the vehicles.

TPCB Yes

As in case C, smart contracts verify the respect of 
temperature and humidity tolerances.

Smart contracts Yes

E
(Consortium—
Company E/
Italian packer)

During the packing phase, the records that Company E uploads on 
BC concern the dates of fruits receipt and dispatch, conformity of 

processed products and packaging procedures. Data are at the lot level. 
The hybrid nature of the adopted BC, which combines Ethereum public 

BC and the private Enterprise Ethereum BC, addresses the specific 
company's need to limit access to certain confidential information.

Permission model Hybrid

Data are manually communicated to the BC by the company 
internal staff through a dedicated mobile application 
installed on mobile phones that were already in use.

Data entry Human

The accuracy of information gathered from the real-
world is ensured by the involvement of third-party 

intermediaries with specific on-field audits.

TPCB Yes

Smart contracts are not used. Smart contracts No

(Continues)

TABLE 5    |    (Continued)
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Dyad Description Variable Rating

F
(Consortium—
Company F/
Italian logistic 
service
provider)

By using the web-based platform accessible with existing 
digital devices, Company F uploads information about firm 

characteristics, type of vehicle used for transportation, bill of 
landing, departure and arrival date. The company combines 
the use of Ethereum BC and Enterprise Ethereum BC. Thus, 
certain information that is saved can be accessed by anyone, 

whereas a more sensitive one is intentionally kept private.

Permission model Hybrid

Data upload into BC is enabled by a standardized software user 
interface. Internal staff is delegated to manually upload the 

information associated with each processed production batch.

Data entry Human

No audits are performed by external bodies to verify the 
accuracy and veracity of data declared on BC.

TPCB No

Smart contracts are not used. Smart contracts No

G
(Consortium—
Company G/
Italian large-scale 
distributor)

Company G shares information on the arrival of goods (i.e., the 
date, quantity and the related suppliers), and on the total number 

of fruits sold. External access to some sensitive data, such as 
quantities sold, is kept restricted to the consortium and third-
party certification body. Ethereum and Enterprise Ethereum 

BCs are used to manage the privacy of uploaded data.

Permission model Hybrid

The data collection is based on manual recording and transmission 
on BC, whose activities are performed by delegated internal workers.

Data entry Human

Records are uploaded on BC without a data validation 
based on audits by external third-party authorities.

TPCB No

Smart contracts are not used. Smart contracts No

H
(Consortium—
Company H/
Italian logistic 
provider)

The use of a hybrid BC, that combine Ethereum and Enterprise 
Ethereum BCs, allows Company H to save data publicly or 

privately. Information on BC regards company name and location 
and shipping details (e.g., departure of goods and arrival time, 
amount and weight of transported goods, storage conditions, 

etc.). To facilitate custom control, the company uploads on BC a 
digital copy of the bill of landing and a certificate to prove that 
the cold treatment process was carried out in accordance with 

Chinese regulations, since products are delivered in China.

Permission model Hybrid

A company's employee within the administrative staff is responsible 
for the manual entry of data on BC. Despite the logistic provider 
monitors shipment conditions using temperature and humidity 

sensors, they operate offline and therefore are not connected to BC.

Data entry Human

Third parties are not involved in the processes 
of data collection and data entry.

TPCB No

Smart contracts are not used. In general, the driver does 
not receive any automatic notifications when out-of-

tolerance values about storage conditions occur.

Smart contracts No

I
(Consortium—
Company  
I/Chinese logistic 
provider)

Truck drivers of company I write information on the Chinese 
national private BC concerning: firm characteristics, departure 

and arrival of the vehicles, routings, bill of landing, storage 
conditions of the transported goods. The consortium has no 

visibility on that information whose access is restricted to Chinese 
companies, that is, Company I and its downstream players.

Permission model Private

(Continues)
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will ever proactively confess that they were unable to meet tem-
perature or humidity limits.” The risk of ex-post opportunism 
and the need for monitoring were also perceived as high in cases 
C and D, although agents were Italian shippers and fruits were 
stored in trucks for a short time with a moderate impact on food 
quality and safety. The Vice-President of the consortium argued: 
“Paradoxically, monitoring transport activities is even more im-
portant when the logistics route is short, as in the case of do-
mestic transport. In this situation it is more difficult to detect 
through visual inspection if the product has deteriorated during 
transport, and even if the fruit is apparently delivered in perfect 
conditions, the travel could have partially compromised its qual-
ity and reduced its shelf-life.”

In all the above-cited cases, given their need to strictly monitor 
agents' behaviors, the principal designed and proposed a BC sys-
tem with a high level of system trust.

Instead, in cases E and K, agents' opportunistic behaviors 
were unlikely. The CEO of the packer E explained: “Overall, 
monitoring packaging activities is less complex than culti-
vation and harvesting activities. These activities take place 
in a relatively narrow and circumscribed area: a dedicated 
line or equipment in a production plant. National directives 

define clear responsibilities and set out strict rules with which 
packers must comply. Controls are very frequent and severe. 
Packers are less numerous than producers and this is an addi-
tional facilitation in control activities.” As regards the case K, 
the import–export specialist said: “Grocers in China interested 
in commercializing this high-quality fruit, such as company K 
differentiates from other grocers for the high investments in 
store quality, the selection of foreign high-quality products, 
and a special attention to customer. This competitive position-
ing and the fear of potential damage to brand reputation in 
the case of quality/safety issues are the strongest deterrents 
of any unfair conduct. […] the guarantee of product origin 
for Italian goods is fundamental […] food counterfeiting is a 
severe issue and selling fruit that has been subjected to out-
of-control pesticide treatments can seriously harm consum-
ers' health.” To sum up, in cases E and K the consequences of 
opportunistic behaviors could be severe for food quality and 
safety (e.g., counterfeiting, contaminations during packag-
ing), but such behaviors are unlikely; thus, the resulting risk 
of ex-post opportunism was classified as medium. A BC sys-
tem with a medium level of system trust was proposed, that 
is, one that was not integrated with the use of IoTs to collect 
data or smart contracts but still involved a TPCB to verify  
data veracity.

Dyad Description Variable Rating

All data are manually written on BC by the truck driver 
who interacts with the platform using a dedicated 

application that is installed on his/her smartphone.

Data entry Human

No external trusted auditors verify the reliability of the 
data that is uploaded on BC by truck drivers.

TPCB No

Smart contracts are not used. Smart contracts No

J
(Consortium—
Company J/
Chinese importer)

As in case I, Company J uses the national private BC to 
register information about the firm, the date of the receipt 

and dispatch of imported fruits, quantity received, etc. Access 
to this information is restricted to Chinese actors.

Permission model Private

The company's workers are responsible to manually recording 
data on BC by using a specific software user interface that is 
installed on the computers already in use by the company.

Data entry Human

Data collection and entry activities are not monitored 
by any external third-party authority.

TPCB No

Smart contracts are not used. Smart contracts No

K
(Consortium—
Company K/
Chinese large-
scale distributor)

Through the web-based platform developed by the technology 
provider, Company K saves information concerning the date of goods 
arrival, quantity received, and the number of fruits sold. As in cases 

I and J, because this information is saved on the private national 
Chinese BC, SC actors located in Italy have no visibility on data.

Permission model Private

Data are manually entered into the platform by Company 
K's internal accounting staff, using the frontend user 

interface that is installed on company's devices.

Data entry Human

Data inserted on the system are not validated by 
audits carried out by certification bodies.

TPCB No

Smart contracts are not used. Smart contracts No

TABLE 5    |    (Continued)
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Finally, in cases G and J, the risk of ex-post opportunism was 
judged low (see Table  7) because opportunistic behaviors were 
unlikely (due to the strict control measures already in place) and 
had a marginal detrimental effect on food quality and safety (in 

case G, because (a) products were stocked within a supermarket 
with a low variation in temperature/humidity; (b) customer knew 
the product and was able to visually identify quality problems; 
(c) fruit counterfeiting is rather uncommon; in case J, due to a 

TABLE 6    |    Cases with differences in the BC systems designed and used (within-case analysis).

Dyad Description (BC systems designed vs used) Variables and ratings (differences)

F and H (Consortium 
–Companies F, 
H: Italian logistic 
providers)

The intention of the consortium, in general, for all the 
dyads, was to apply a BC with a hybrid permission model, 

to increase data visibility. In cases F and H, this was judged 
feasible, and a hybrid permission model is currently in use.

Permission model: Hybrid (as designed)

As in dyads C and D, given the need to monitor temperature 
and humidity during transportation, the consortium 

proposed to install IoTs on vehicles to monitor and transmit 
real-time data to BC. TPCB should have checked the 

functioning of the IoTs. The consortium also proposed 
applying smart contracts through IoT use to automatically 
notify any violations of temperature and humidity limits. 

Overall, this solution was perceived as too complex by 
Companies F and H due to excessive costs. The current data 

entry on BC was manual, TPCBs were not used to verify 
BC data, and smart contracts were not currently in use.

Data entry:
Human (instead of IoT)

TPCB:
No (instead of ‘Yes’)

Smart contracts:
No (instead of ‘Yes’)

I
(Consortium –
Company I: Chinese 
logistic provider)

The consortium would prefer to use a hybrid permission 
model to increase data visibility. Instead, company I decided 

to use the private national Chinese BC, which restricted 
data access to only some companies in the supply network.

Permission model:
Private (instead of ‘Hybrid’)

As in cases F and H, the consortium considered using IoTs 
to upload data into BC important, given that monitoring 

temperature and humidity during transportation is crucial. 
For the same reason, it also proposed using TPCBs to 
verify IoT functioning and linking smart contracts to 
IoT. Similar to companies F and H, this solution was 

judged too complex and expensive by Company I.

Data entry:
Human (instead of IoT)

TPCB: No (instead of ‘Yes’)

Smart contracts:
No (instead of ‘Yes’)

J
(Consortium—
Company J/Chinese 
importer)

As in case I, company J decided to use the private national 
Chinese BC, although the consortium aimed to adopt 
a BC with a hybrid permission model for all agents.

Permission model:
Private (instead of ‘Hybrid’)

The consortium did not need to strictly monitor the 
activities in this supply network tier (as in cases F, H or 
I), due to the very short storage, and as a consequence, 

the BC system design proposed included a manual 
data entry, no TPCBs involved and no use of smart 

contracts. The BC in use meets these features.

Data entry:
Human (as designed)

TPCB:
No (as designed)

Smart contracts:
No (as designed)

K
(Consortium –
Company K:
Chinese large-scale 
distributor)

The intention of the consortium was to use a 
BC with a hybrid permission model for all the 
dyads. As in case I and J, company K instead 

preferred to use the national Chinese BC.

Permission model:
Private (instead of ‘Hybrid’)

In this case, the consortium did not consider crucial 
to adopt IoTs and, linked to these, smart contracts to 

monitor storing conditions in the supermarket, or register 
other types of data. Instead, it judged it appropriate that 
BC data (e.g., date of goods arrival, fruits sold, etc.) be 
validated by an external certification body (TPCB) to 
assure data veracity. This last proposal was infeasible 
for Company K, given the additional costs that would 

be required for an external certification body.

Data entry:
Human (as designed)

TPCB:
No (instead of ‘Yes’)

Smart contracts:
No (as designed)
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very short food stock storage in the transit point of the Chinese 
importer (agent J). A basic BC system was proposed without the 
use of IoT, smart contracts, or the involvement of a TPCB, al-
though with a hybrid permission model to make the saved data 
publicly visible, tamperproof, and guarantee a greater level of  
veracity.

Based on this evidence, the following propositions are here 
advanced:

P1.  Different BC systems choices assure different degrees of sys-
tem trust and thus provide the principal with different capabilities 
to monitor the agents' behavior:

TABLE 7    |    Risk of ex-post opportunism (within-case analysis).

Case Description Variable Rating

A and B
Consortium –
Companies A and B 
(Italian fruit producers)

Type of opportunistic behavior: Non-compliance with 
regulations regarding cultivation (e.g., fruit variety and 

characteristics, density per hectare, type of harvest, 
improper use of pesticides, fungicides, fertilizers, etc.).

Likelihood (Possible): Specific external audits by 
the certification body designated by the consortium 

mitigate potential misconducts. However, identifying 
a potential misconduct in the cultivation phase 

only through visual inspections is difficult.
Degree of detrimental consequences (Critical): Misconducts in 

this phase can seriously compromise product safety and quality.

Risk of agent's ex-
post opportunism

High

C and D
Consortium –
Companies C and D 
(Italian shippers)

Type of opportunistic behavior: Lack of observance 
of temperature and humidity ranges during 

transportation in order to preserve fruits.
Likelihood (Likely): Considering the short distance between 

companies C or D and the packer, the non-respect for 
temperature and humidity thresholds is difficult to detect 
by visual inspections of products received by the packer.

Degree of detrimental consequences (Moderate): Due to short 
shipment time, any out-of-tolerance temperature or humidity 

condition has a moderate impact on final product quality/safety.

Risk of agent's ex-
post opportunism

High

E
Consortium—Company E
(Italian packer)

Type of opportunistic behavior: Packaging of non-PGI products 
or of PGI products that do not meet the specifications described 

in the production regulation (e.g., minimum diameter).
Likelihood (Unlikely): The packaging process is strictly 
controlled by a third-party certification body, and any 

inappropriate behavior is easily detectable through 
monitoring of product inbound and outbound deliveries.

Degree of detrimental consequences (Critical): The 
commercialization of low-quality products labeled PGI may 
compromise the quality and authenticity of final products.

Risk of agent's ex-
post opportunism

Medium

F, H and I
Consortium –
Companies F, H (Italian 
logistic providers), and I 
(Chinese logistic provider)

Type of opportunistic behavior: Non-compliance with 
the defined transport temperature or humidity.

Likelihood (Possible): Data eventually registered or monitored 
during transportation are not shared with the consortium. 

The journey can last some days or weeks (company F manages 
national shipments in Italy and Company I shipments 
in China, both by trucks) or some months (company H 

manages shipments from Italy to China by ship). If the right 
transport conditions are not met, the product deteriorates, 

and this can be identifiable by visual inspections.
Degree of detrimental consequences (Critical): 

Inappropriate storage conditions during transportation 
(usually temperature or humidity abuses) cause safety/

quality hazards. This problem is also exacerbated 
when the agreed shipping time is not respected.

Risk of agent's ex-
post opportunism

High

(Continues)

 21581592, 2025, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jbl.70019 by U

niversita D
i U

dine V
ia Pallad, W

iley O
nline L

ibrary on [12/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



22 of 36 Journal of Business Logistics, 2025

Case Description Variable Rating

G
Consortium –
Company G
(Italian large-scale 
distributor)

Type of opportunistic behavior: Sale of products that 
remain on the shelves of supermarket for a long time.

Likelihood (Unlikely): Products on the shelf are subject 
to controls by the Italian surveillance bodies and the 

department of the central inspectorate for fraud repression 
and quality. These bodies conduct several severe controls, 
taking photos of the products being sold, asking for bills of 
lading, etc. Company G is highly committed to delivering 

fresh fruits to customers, perceived as high-quality 
products, to maintain a certain brand image. Italian final 
customers are typically familiar with these products and 

expect distinctive features (e.g., dimension and color).
Degree of detrimental consequences (Marginal): The 

consequences of opportunistic behaviors in this phase 
marginally influence PGI products quality/safety since 
temperature and humidity conditions in a supermarket 

are usually stable, which guarantees a long shelf-life 
and mitigates quality and safety deteriorations.

Risk of agent's ex-
post opportunism

Low

J
Consortium –
Company J
(Chinese importer)

Type of opportunistic behavior: Non-compliance with 
the defined storage temperature and humidity.

Likelihood (Unlikely): Company J is committed to preserving 
the quality and safety of the product sent to the large-scale 

distributor, as this latter adopts a strict verification and 
acceptance procedure to ensure final customers about 

product quality, safety, and authenticity. Fruits are stored 
by the importer for a short time in the transit point.

Degree of detrimental consequences (Marginal): 
Due to the very short storage, any out-of-tolerance 

temperature or humidity conditions has a marginal 
impact on the final product quality/safety.

Risk of agent's ex-
post opportunism

Low

K
Consortium –
Company K
(Chinese large-scale 
distributor)

Type of opportunistic behavior: Sale of low-quality and 
non-PGI products generally using a similar packaging 

that shows a sort of PGI label (counterfeiting). The issue 
of products that remain on the shelves of the supermarket 
for a long time is considered of secondary importance by 

the consortium compared to counterfeiting. Although it is 
possible that this occurs, since there is no surveillance body 

similar to that in Case G, and customers are less familiar 
with this product, fruits in supermarkets are usually stored 

in appropriate conditions. The impact on product quality 
and safety would be marginal, determining a low risk 

of ex-post opportunism. For this reason, the subsequent 
analysis focuses on the major issue of counterfeiting.

Likelihood (Unlikely): In general, a higher risk of counterfeiting 
in China potentially exists with non-original PGI products 

sold using a similar packaging or name, misleading the 
consumer who is not used to distinguishing the original 
fruit. However, company K chose to sell distinctive high-
quality products (Made in Italy) in its store, and its brand 

image would suffer enormously from scandals linked to the 
sale of non-authentic products or low-quality products.

Degree of detrimental consequences (Critical): Counterfeiting 
has a strong impact on product quality and safety.

Risk of agent's ex-
post opportunism

Medium

TABLE 7    |    (Continued)
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P1a: In a principal-agent dyad, BC system choices characterized 
by hybrid permission model, a data entry supported by IoT, the use 
of a TPCB and of smart contracts are associated with a high level 
of BC system trust.

P1b: In a principal-agent dyad, BC system choices characterized 
by hybrid permission model, a human data entry and the use of a 
TPCB are associated with a medium level of BC system trust.

P1c: In a principal-agent dyad, BC system choices characterized 
by hybrid permission model, a human data entry and the use of a 
TPCB are associated with a low level of BC system trust.

P2.  In a principal–agent dyad, the risk of a supply chain mem-
ber agent's ex-post opportunism is positively related to the level of 
system trust of the BC system designed.

4.2.2   |   Factors Influencing the BC Systems Used by 
Supply Chain Member Agents

For the different agents, the consortium, in collaboration with the 
TP, designed BC systems with a level of system trust that increased 
with the risk of ex-post opportunism. However, in some cases (F, 
H, I, J, and K), the BC systems adopted differed from those de-
signed for various reasons. Causal network analysis was important 
to understand how the risk of ex-post opportunism, together with 
TOE factors, influenced the BC systems adopted. (Data S1 reports 
the causal network analysis applied to each dyad and by grouping 
dyads with high, medium, and low risks of ex-post opportunism).

An important premise in this analysis regards some simi-
larities among the agents that emerged. In particular, all the 

agents shared common traits in terms of: (a) organizational 
readiness for BC implementation—that is, the availability of 
skilled employees to support the adoption of the technology 
and an information technology infrastructure that enables BC 
implementation; and (b) compatibility of their enterprise in-
formation systems and business processes with BC implemen-
tation, which are contextual factors usually contemplated in 
BC studies that use TOE (Table 2). In this BC project, financed 
by the Italian government, the TP was responsible for support-
ing adopters with specific training and solving specific issues 
that could have been found about system interoperability. All 
the agents were also all equipped with an internet connection 
and digital devices (e.g., PCs or smartphones/tablets) needed 
to interact with the BC system, although none of the actors had 
previously implemented IoT. For all the companies involved, 
the TP, together with the consortium, analyzed current pro-
cesses and integrated the information systems in use with BC. 
In general, agents were not concerned about technical prob-
lems such as the BC standard proposed (e.g., Ethereum vs. 
other BC platforms) or the level of maturity of BC technology 
(e.g., transaction capability issues) because, as stated by the 
CEO of the producer A: “All operational problems and integra-
tion with current processes were appropriately addressed by 
[the TP] and the consortium. [The TP] has a long experience 
in BC implementation in food and our consortium is one of the 
most important in Italy for food. We are confident that they 
are great experts of blockchain […] We are small producers 
and need to rely on their competence.” Thus, moving beyond 
the traditional barriers mentioned in the literature (Table 2), 
such as compatibility with existing systems and BC maturity 
level, a major issue regarded the configuration of BC systems, 
which determined a different perceived technology complex-
ity. In the dyads in which the risk of ex-post opportunism was 

TABLE 8    |    TOE factors (within-case analysis).

Case

Organizational variables Technological variables Environmental variables

Organizational 
size

Top 
management 

support
Technology 
complexity

Relative 
advantage

Government 
or contractual 

incentives
Regulatory 

environment

A Small High Higha High Yesc Italy

B Small High Higha High Yesc Italy

C Small High Higha High Yesc Italy

D Small High Higha High Yesc Italy

E Small High Mediumb High Yesc Italy

F Medium Low Higha Low No Italy

G Large High Low High No Italy

H Large Low Higha Low No Italy

I Medium Low Higha Low No China

J Medium High Low High No China

K Large Low Mediumb Low No China
aSince the BC system design required additional measures integrated with the BC technology, such as TPCBs, smart contracts, and IoTs, the technological complexity 
of the system was perceived as high due to the excessive costs and resources that would have been required by the company.
bThe technology complexity was perceived as medium, as TPCBs were recommended to increase data veracity.
cThese agents could benefit from resources granted by the Italian government to the consortium for BC implementation (governmental incentives). When needed, they 
could also use TPCB services by contract for free (contractual incentives).
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judged high (A, B, C, D, F, H, and I), the principal designed a 
BC system with a high level of system trust, integrated with 
the use of IoT and smart contracts, involving a TPCB, and al-
ways based on a hybrid permission model. The technological 
complexity of the BC system designed was perceived as high 
due to the costs and resources that would have been required 
to the agents. The operations manager of the logistics provider 
F considered the requests of the BC project too demanding: 
“Operators are required to dedicate their time to entering data 
in the BC; the company is required to invest in temperature/
humidity sensors and to accept an intensification of controls 
by certification bodies, which requires additional time from 
our operators. What is the return on this significant invest-
ment in time and money? Increased monitoring of our activ-
ities and a smart contract that punishes us if we don't respect 
the temperature range. I believe that supply chain visibility is 
important, but I'm also skeptical about this approach.”

Despite the perception of high technological complexity, in cases 
A, B, C, and D, the top management supported the initiative, 
judging the relative advantage as high due to contractual and 
governmental incentives. The CEO of producer B said: “This 
project required both a significant cultural change and an invest-
ment in terms of time, money, and human resources. However, 
as a producer, I benefited from a governmental incentive granted 
to the consortium for BC implementation. All the consortium 
associates could also use the certification body services for free 
as part of a general agreement with the consortium. We were 
grateful to the consortium for such opportunities and economic 
support, and did our best to implement the BC as proposed.”

By contrast, in other cases (F and H), in which adopters had no 
access to governmental or contractual incentives, the relative 
advantage of implementing this BC system was perceived as 
low due to the high costs and efforts required. The companies 
were not motivated to use IoTs and smart contracts integrated 
with BC or to involve a TPCB for BC data validation. This led to 
the use of a simplified BC system that was able to guarantee a 
low level of system trust, according to the taxonomy in Table 9. 
The same applies to the logistics provider I, but a fundamental 
difference here is the regulatory environment. In general, in all 
the dyads in which agents were in China (I, K, and J), the BC 
systems used guaranteed a minimum level of system trust, re-
gardless of the risk of ex-post opportunism. Chinese companies 
usually adopt the national BC, and the TP considers the task of 
opening a node of the hybrid BC in China, although technically 
feasible, an expensive and time-consuming process. Thus, in ad-
dition to not using a TPCB or lacking IoTs and smart contracts 
integrated with the BC, the logistics provider I relied on a BC 
based on a private permission model, a feature that determined 
a minimum level of BC system trust for the consortium.

In dyads in which the risk of ex-post opportunism was judged 
medium (E and K), the proposed BC system required a TPCB 
for data verification in addition to using a hybrid permission 
model. As in dyads A–D, the CEO of packer E explained that 
governmental and contractual incentives and the Italian regu-
latory environment (where there was no national private BC) 
led to BC use consistent with the BC design. On the contrary, 
similarly to the dyads involving Chinese agents, the large-scale 
distributor K adopted a private permission model BC that lacked 

TPCB (i.e., with a minimum level of system trust) due to the pe-
culiarity of the Chinese regulatory environment and the lack of 
any incentive.

Finally, in dyads characterized by low risk (G and J), the con-
sortium proposed a BC system with a hybrid permission model 
without integrated IoTs or smart contracts and without any 
TPCB. Since the agents perceived this BC system as not techno-
logically complex, even in the absence of any governmental and 
contractual incentives, the relative advantage was judged high; 
consequently, top management support was also high. In dyad 
G, the proposed BC system was adopted. Instead, given that J 
was a Chinese company, a national private BC was preferred.

It is worth noting that the contextual variable ‘organizational 
size’ was not included in any causal network analysis, as it was 
not influential. In summary, the following propositions are 
advanced:

P3.  Technological, organizational, and environmental factors 
influence the level of system trust of the BC system adopted by sup-
ply chain member agents.

P3a: The relative advantage of implementing a proposed BC sys-
tem as perceived by the agent, in turn influenced by its techno-
logical complexity and governmental and contractual incentives, 
determines the agent's top management support.

P3b: Low support from an agent's top management limits the level 
of system trust of an adopted BC system to a low level by discour-
aging agent's adoption of IoTs, smart contracts, and TPCBs. BC 
systems with a high or medium level of system trust require high 
top management support.

P3c: A regulatory environment which favors the use of a private 
rather than a hybrid permission model limits the level of system 
trust of the adopted BC system to a minimum level.

5   |   Discussion

5.1   |   Summary of the Theoretical Model

Building on AT and TOE frameworks, this study develops a 
model to interpret BC system design choices and the relevant 
contextual factors that can influence the final BC system use 
(Figure 4). Grounding AT and its assumptions in the BC context 
led us to extend the concept of BC trust to encompass the entire 
BC system (i.e., BC system trust) in order to study the fit be-
tween some important BC system design choices and the level 
of ex-post opportunism to be addressed. The overall model then 
intersects concepts from the AT and TOE theories to provide ex-
planations about the determinants of BC system use. The over-
arching interpretation of the results is that the level of system 
trust of the BC system designed and proposed by the consor-
tium depends on the risk level of agents' ex-post opportunism. 
The BC system designed, in turn, shapes the agent's perception 
of the technology complexity, which, along with other TOE fac-
tors, influences the BC system effectively used. Specifically, BC 
systems can be configured in different ways, ensuring varying 
levels of system trust. When the risk of ex-post opportunism 
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is high, the principal designs and proposes BC systems to the 
agents that are more powerful in reducing information asym-
metry. However, an agent's willingness to adopt the BC system 
designed depends on a set of interconnected TOE factors that 
can cause a mismatch between the level of system trust of the 
BC system designed and that effectively used, as summarized 
in proposition 3.

5.2   |   Theoretical Contributions

A first analysis of this research regards the appropriateness of 
the different BC system's design choices for addressing differ-
ent levels of risk of ex-post opportunism. On the one hand, this 
investigation fills a relevant gap in BC literature concerning the 
comparison of different BC systems in relation to the SC context 
where they are implemented. On the other hand, it integrates BC 
research in the SCM field in different ways.

First, this research reveals the need to extend the concept of ‘BC 
trust’ and measure it at a system level when comparing and as-
sessing different BC implementations, as both differences in the 
BC technology as well as in the BC-integrated technological and 
organizational tools count. Previous research analyzed in detail 
the impact of specific technical features of BC (i.e., cryptogra-
phy system, decentralized consensus, and distributed ledger) on 
SC transparency (i.e., traceability and visibility), thus guaran-
teeing trust in the BC technology (Durach et al. 2021; Falcone 
et al. 2021; Xu et al. 2021). Our research, instead, following an 
approach similar to Gligor et al. (2022), takes a systemic perspec-
tive. While in Gligor et  al.  (2022) the systemic view concerns 
the intra- and inter-organizational orchestration of structuring, 
bundling, and leveraging of processes to achieve SC transpar-
ency through BC, the present study introduces the notion of ‘BC 
system trust’. It posits that different BC system configurations 
determine different levels of system trust based on their degree 
of data availability, immutability, veracity, and responsiveness 

(Stranieri et al. 2021), and thus on their ability to reduce infor-
mation asymmetry (Whipple and Roh 2010). Compared to other 
studies, such as Xu et al. (2021), the investigation is wider as it 
also contemplates the use of technologies integrated with the BC 
for data entry, in contrast to manual entry, as well as the use of 
TPCB integrated with BC. This research concludes that a data 
entry supported by IoTs, the use of TPCBs to validate data and 
calibrate IoTs, as well as smart contracts to signal data alerts 
represent a mix of configuration choices that offers a better 
guarantee of data veracity and responsiveness, increasing trust, 
compared to a date entry mode based on a human data entry 
associated with TPCB checks, which however guarantees bet-
ter data veracity compared to simple human data entry. The BC 
permission model also counts, as public or hybrid BCs can offer 
a further guarantee of data immutability compared to private 
ones (Chang et al. 2019; Dutta et al. 2020; Pandey et al. 2022). 
Moreover, for a stakeholder or a principal who needs to monitor 
SC actors' behaviors, data availability is fundamental, and this 
means being connected to the BC through a node.

Second, this research proposes a new study perspective regard-
ing the concept of ‘trust’, establishing a link between BC system 
trust and the level of risk of ex-post opportunism. Consistent 
with Treiblmaier and Rejeb (2023) and Lumineau et al.  (2025) 
who advocate for exploring the specific conditions under which 
BC operates, the present study advances that BC configurations 
should not be assessed in absolute terms. Rather, what counts in 
designing a BC system is the fit between its level of system trust 
and the risk of ex-post opportunism by SC member agents. This 
is in accordance with the AT view that the higher the risk of 
opportunism in a relationship, the more resources that must be 
spent on control and monitoring (Wathne and Heide 2000). This 
perspective, together with the need to extend the concept of trust 
to the whole BC system, enriches the debate on the tensions un-
derlying Sternberg et al.'s (2021) paradox that BC implementa-
tions require trusted actors, because if input data are false the 
benefit of using BC is vanishing. On the one hand, the present 

FIGURE 4    |    Theoretical model.
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research reveals that these tensions depend on the system trust 
guaranteed by the whole BC system design, and not only by the 
BC technology itself. In general, BC systems characterized by 
high level of system trust -such as those integrated with IoTs 
and smart contracts and involving TPCBs for data validation- re-
duce the need for trusted actors. On the other hand, this tension 
between the use of BC and the need for trusted SC actors de-
pends on the SC context. Where misconduct is unlikely to occur 
(e.g., situations in which the lack of quality of a food is easily 
detectable, or controls are severe and frequent), even BC systems 
characterized by a lower level of system trust are sufficient to 
guarantee food quality and safety, and Sternberg et al.'s (2021) 
paradox is less relevant.

Third, thanks to its systemic perspective, this research offers 
novel evidence of the integration of BC technology with other 
agents' monitoring mechanisms to appropriately address ex-
post opportunism. In particular, the present pilot case study 
represents an example of how using TPCBs combined with BC 
technology to design a BC system that guarantees an appropriate 
level of trust, in line with a few prior studies in the food sector 
(Leong et al. 2019; Danese et al. 2021). TPCBs are used to vali-
date IoT calibration and certify BC data veracity. This research 
found that this role is especially critical when the risk of ex-post 
opportunism is high. Future research could further elaborate on 
the integration of BC with other monitoring mechanisms, trying 
to depict possible future scenarios in the food sector. Literature 
generally agrees that BC will replace traditional traceability 
technologies (Danese et al. 2021); however, further research and 
industry advancements are necessary to better understand how 
its use will align with industry standards and, consequently, 
whether and how these standards will need to evolve with the 
diffusion of BC adoption. For instance, some studies (Durach 
et al. 2021; Kurpjuweit et al. 2021) examine BC potential in dig-
italizing the activities of third parties during audits by certifica-
tion authorities selected by food consortia as well as by national 
surveillance bodies.

Finally, a further contribution is the analysis of contextual factors 
that influence the use of different BC systems by agents, determin-
ing (or not) a widespread adoption in the supply network. Many 
conventional contingencies highlighted in BC's previous research 
in food SCs were found to be relevant (Kamilaris et  al.  2019; 
Köhler and Pizzol 2020; Chen et al. 2021; Kurpjuweit et al. 2021; 
Vu et al. 2021; Pandey et al. 2022) (Figure 4). However, a more 
fundamental insight here is that BC adoption for agents is not a 
question of “yes or no” as a BC system design should be adapted, 
at least initially, to consider SC member agents' needs, thus en-
suring a widespread BC adoption. In fact, compared to the above-
mentioned studies and in general to existing research on BC and 
TOE theory (e.g., Clohessy et  al.  2019; Kouhizadeh et  al.  2020; 
Chen et al. 2021), the present research offers precise insights on 
the link between TOE factors and different BC systems adopted. 
This new line of inquiry is suggested by those studies providing 
evidence that differentiating between various BC systems is fun-
damental when analyzing BC adoption (Chen et al. 2021; Falcone 
et  al.  2021; Kurpjuweit et  al.  2021; Sternberg et  al.  2021; Xu 
et al. 2021; Treiblmaier and Rejeb 2023). A further distinctive trait 
of this study compared to the literature on BC and TOE is that TOE 
factors emerged as strictly interconnected, exerting a joint effect 
on BC adoption, as suggested by Zhu et al. (2022).

This new perspective led to a richer interpretation of how some 
TOE factors, traditionally considered relevant, can influence 
BC adoption in food SCs. This study confirms that the ‘technol-
ogy complexity’ perceived by agents (Chen et  al.  2021)—also 
referred to as accessibility (Kamilaris et  al.  2019; Köhler and 
Pizzol 2020; Vu et al. 2021; Pandey et al. 2022)—is an influential 
factor. Yet, it also advances that it is linked to the characteristics 
of BC systems (e.g., the use of IoTs, smart contracts, TPCB, etc.), 
which can determine a diverse perceived complexity as they re-
quire a different effort in terms of supporting technologies and 
processes. This confirms Kurpjuweit et al.'s (2021) finding that 
integrating BC systems into the company's information infra-
structure can be perceived as a big challenge, which depends on 
BC-related technologies (e.g., sensors), and on what is required 
to collect and prepare input data (e.g., TPCB checks). For this 
reason, adapting BC systems to agents' needs, at least initially, 
can determine a wider adoption. Also, the perceived ‘relative ad-
vantage’ of applying a BC system was found to be relevant, in line 
with Chen et al. (2021) and many other studies emphasizing the 
high costs of BC implementation (Kamilaris et al. 2019; Köhler 
and Pizzol 2020; Kurpjuweit et al. 2021; Sternberg et al. 2021; 
Vu et al. 2021; Pandey et al. 2022). Being the perceived relative 
advantage in turn linked to the perceived technology complex-
ity, we again conclude here that it depends on the different BC 
systems proposed.

These factors are linked together, and the perceived relative 
advantage is also influenced by the presence of governmental 
or contractual incentives. As a result, ‘technology complexity’ 
cannot be considered simply an inhibitor of BC adoption, as the 
presence of governmental or contractual incentives can reduce 
the efforts required for the technology implementation and thus 
increase the relative advantage as perceived by potential adopt-
ers and, in turn, top management support, which was identified 
as a major organizational issue (Kurpjuweit et al. 2021).

As regards the absence of regulations and standards, which is 
a further environmental factor considered in the food sector 
(Kamilaris et al. 2019; Köhler and Pizzol 2020; Chen et al. 2021; 
Vu et  al.  2021; Pandey et  al.  2022), it represents here again a 
variable influencing the type of BC system finally used rather 
than an inhibitor of BC adoption. It played a fundamental role 
in determining the BC system adopted by the Chinese partners 
in the supply network, which was based on a private permission 
model. This result is in line with Kurpjuweit et al. (2021), who 
maintain that differences in regulations and standards leading 
to national BC solutions represent one major barrier to BC im-
plementation in international supply networks.

This research instead does not offer novel evidence about fur-
ther barriers usually contemplated, such as the immature im-
plementation of BC or its technological limits (e.g., scalability, 
privacy, and transaction capability) (Chen et al. 2021). The role 
of the technology provider was fundamental to support and train 
partners. In addition, it worked synergistically with all the par-
ticipants in the BC project to address in advance potential tech-
nological limits, which, however, will become more critical once 
the project is extended to several other partners, as planned. 
This evidence supports the findings of Gligor et al. (2022), who 
discuss a case within a coffee supply chain where the develop-
ment of BC-enabled SC traceability necessitated the bundling of 
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resources from various SC actors and the BC technology provider. 
This process involved both exploratory learning and the integra-
tion of supply chain information with the technology platform.

Overall, the findings discussed above inform and suggest a 
broader debate on the potential implications and benefits of BC 
adoption, as well as future scenarios regarding its diffusion in 
fruit and vegetable SCs. In this way, the present study contrib-
utes to the body of research that identifies areas of BC appli-
cation in SCM (Durach et al. 2021; Ahmed et al. 2022), with a 
specific focus on the food context.

First of all, the link found between the risk of ex-post opportun-
ism and BC system design suggests the need to distinguish be-
tween different food distribution channels. Large-scale retailers, 
neighborhood fruit markets, and small shops significantly differ 
in their business models and in the risk of opportunistic conduct 
by upstream (e.g., producers, packers) or downstream SC mem-
bers (e.g., logistics service providers, retailers). For instance, 
focusing on the context examined here, in Italy, neighborhood 
fruit markets and small shops rely on very short SCs, where mis-
conduct is unlikely. Overall, the risk of ex-post opportunism by 
SC members is very low. Thus, although the investigated food 
consortium declares that its BC project may eventually include 
fruit shops and markets in the future, at present, BC is seen as 
especially beneficial in the distribution channel of large-scale 
retailers and thus in the context of complex food SCs. This con-
firms Ahmed et al. (2022) and Behnke and Janssen (2020). As 
regards the involvement of neighborhood fruit markets and 
small shops in BC adoption, future developments could assess 
the real need for BC in terms of reduced risk of ex-post oppor-
tunism, as well as the opportunity to consider the adoption of 
less complex BC systems.

The research also reveals that future scenarios and develop-
ments regarding BC adoption in food SCs cannot be evaluated 
solely in the light of current consumer awareness of food quality 
or consumer demand for food traceability. The food consortium 
investigated plays an institutional role in assuring food quality 
to many interested stakeholders, such as Chinese importers or 
institutions promoting Made-In-Italy exports (e.g., the National 
Foreign Trade Agency). From this case study, it emerged that, 
unlike the promoters of BC projects—such as food consortia—
companies in food SCs are sometimes not equally committed to 
BC adoption. This is primarily because they perceive a low rela-
tive advantage in its adoption and are uncertain about consumer 
behavior, as well as future requirements in terms of standards 
and regulations. Simultaneously, they may perceive BC adoption 
as technologically complex due to the high costs and resources 
required, especially when BC systems demand integrated tech-
nologies and organizational tools. Yet, it is crucial for food con-
sortia that SC actors be willing to adopt the proposed BC system 
across the SC and participate in BC pilot projects. Even if compa-
nies do not perceive an immediate benefit, it is essential for them 
to be prepared for future changes in the food sector. In this re-
gard, the original perspective applied in this study in grounding 
TOE in BC research gives the opportunity to understand how 
a BC system can be initially adapted to the SC member agents' 
needs, to favor adoption, in line with theories of technology ac-
ceptance (Liao et al. 2009; Momani and Jamous 2017). The latter 
state that a technology user's attitude, in turn determined by its 

perceived usefulness (here, relative advantage), is fundamental 
for initial acceptance of a new technology. In the subsequent 
phases of adoption, attitude changes as a function of the initial 
attitude itself and satisfaction in technology use (dis/confirma-
tion) and determines the user's intention to continue to adopt 
it. The present study suggests that engaging users in the initial 
adoption of BC, even modifying its design, could be relevant 
to trigger a virtual cycle of increased positive attitude and BC 
continued use, with the opportunity to subsequently redesign 
the technology towards the desired BC systems. This research 
highlights the importance of engaging SC members in the initial 
adoption of BC through contractual or governmental incentives 
or by reducing the perceived technology complexity. The investi-
gation into the use of BC in the phases following the pilot testing 
(e.g., scaling and sustainability) represents an emerging avenue 
for future research, particularly through longitudinal studies on 
the evolution of BC adoption within supply networks.

5.3   |   Managerial Contributions

The results obtained provide valuable practical insights for com-
panies/consortia aiming to implement a BC project within their 
supply networks as well as for policymakers seeking to foster 
BC adoption.

First, for an organization acting as a principal responsible for 
monitoring the behavior of its agents, our findings offer guid-
ance on how to assess the potential of various BC systems in 
terms of system trust. Additionally, we suggest how to design 
and recommend the adoption of BC systems that fit with the or-
ganization's requirements for monitoring and control. The risk 
matrix proposed in this study (Figure 3) could be used to assess 
the risk of ex-post opportunism of agents in the different sup-
ply network tiers to consistently design and propose diverse BC 
systems along the supply network. For instance, during trans-
portation, IoTs or smart contracts integrated with BC can be in-
strumental in monitoring temperature and humidity thresholds. 
Instead, given that large-scale Italian food distributors are man-
datory subjects to strict control by surveillance bodies and food 
is typically stored under appropriate conditions, a less complex 
BC system can be judged sufficiently adequate for monitoring 
their behaviors. Furthermore, the relationships illustrated in 
Figure  4 may prove useful in interpreting the potential influ-
ence of context on BC adoption, as well as in understanding the 
broader implications for the BC project. This theoretical model 
may increase the principal's awareness that, even when the risk 
of ex-post opportunism is high, given certain contextual con-
ditions (e.g., when the top management support is low due to 
a low perceived relative advantage or when the regulatory en-
vironment favors the implementation of a private permission 
model), it can be necessary to adapt the designed BC systems 
to these contingencies, at least initially, to spread BC adoption. 
As contextual conditions evolve, the principal may, if necessary, 
consider enhancing the level of system trust in the BC systems 
adopted by agents, in alignment with the assessed risk level of 
ex-post opportunism. A major criticality for the principal that 
this study recommends solving regards the limit of relying on 
a BC with a private permission model in a portion of the sup-
ply network without being connected through a node, as this 
severely limits information transparency.

 21581592, 2025, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jbl.70019 by U

niversita D
i U

dine V
ia Pallad, W

iley O
nline L

ibrary on [12/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



30 of 36 Journal of Business Logistics, 2025

This research warns organizations acting as principals in pro-
moting BC adoption, such as policymakers or food consortia, 
that the level of commitment to participating in a BC project 
may differ significantly between the organizations in the food 
SC and the BC promoter. Some SC members may not initially 
perceive a high relative advantage, as they may assume that con-
sumers are not interested in the innovation or may not feel the 
need to proactively safeguard against future food regulations 
and standards. Instead, the food consortium investigated in this 
research, which works in collaboration with policymakers, sees 
in BC an opportunity to guarantee food quality to many stake-
holders for different reasons. It judges BC pilot projects and ex-
perimentations essential to anticipate future export regulations 
that may make the use of BC mandatory, as well as to protect 
reliable and ethical SC members from unfair competition, such 
as the counterfeit of Made-in-Italy products. This is especially 
beneficial within the distribution channel of large-scale distrib-
utors that, unlike small family-owned fruit stores or neighbor-
hood markets, are embedded in complex and international food 
SCs. Yet, for a successful BC experimentation on field, it is fun-
damental that SC members join BC pilot projects. On the one 
hand, the present research suggests to policymakers and food 
consortia that to increase SC members' perceived relative advan-
tage, governmental or contractual incentives are fundamental, 
especially when the technology is considered overly complex. 
On the other hand, it recommends that BC systems (including 
complementary technologies and organizational tools) be de-
signed with a clear understanding of the specific contextual 
needs, particularly in terms of the risk of ex-post opportunism, 
in order to avoid proposing too complex BC systems when sim-
pler configurations would suffice.

Finally, this research suggests that food SC members should not 
underestimate the potential of BC in fostering a trustworthy rep-
utation. The risk of ex-post opportunism, as perceived by stake-
holders, is not solely dependent on whether an organization or 
a supply chain behaves reliably and maintains a strong reputa-
tion for food quality that has been built over time. Rather, it is 
influenced by the characteristics of the SC tiers and the activi-
ties performed (e.g., cultivation versus transportation), as well 
as the specific attributes of the actors involved (e.g., location). 
For instance, in the case of international SCs, where importers 
or foreign consumers may not be familiar with the products, 
or where potential misconducts are difficult to detect (as in the 
cultivation phase), the risk of ex-post opportunism is perceived 
to be high. In these contexts, BC can play a crucial role in safe-
guarding honest and reliable actors, as those who strictly adhere 
to guidelines and regulations are protected from unfair compe-
tition, and their commitment to public health is valued through 
a tool that demonstrates their integrity (Pun et al. 2021). Durach 
et al. (2021), albeit focusing on a different sector, identify ‘prod-
uct quality certification’ as the most promising area for BC in 
terms of the likelihood of BC implementation.

6   |   Conclusions, Limitations, and Future Research

Grounded on AT and TOE theories and based on the analysis of 
eleven principal–agent dyads, where the principal is a food con-
sortium and its agents are the companies in the different supply 
network tiers, this study proposes a theoretical model (Figure 4) 

to interpret: Which BC system design configurations are appro-
priate for addressing the different levels of ex-post opportunism 
of supply chain members? (RQ1), and what contextual factors 
influence the use of different BC systems by supply chain mem-
ber agents? (RQ2).

One important limitation of this study is that the model in 
Figure  4 does not consider the influence of some contextual 
variables mentioned in the literature on BC and TOE theory 
(Table 3). The agents selected in this study showed some com-
mon traits, which set precise boundaries for the present study 
(see Section 4.2.2). However, in general, contextual variables—
such as organizational readiness, agents' perceptions of tech-
nology maturity, or compatibility with a company's existing 
technologies—can affect BC adoption and should be investi-
gated in future studies. Another area for further research is to 
understand whether the focus on other sectors and countries 
might highlight different influencing variables (e.g., mimetic 
pressure or technological barriers as Internet connection).

In addition, the BC systems investigated do not represent all the 
possible existing BC systems. Future research could extend the 
analysis on the level of system trust of BC systems by consider-
ing further differentiating features, such as the use of AI.

A further limitation relates to the nature of the ex-post oppor-
tunism issue (Lumineau and Oliveira 2020). During the inter-
view process, the president and vice president of the consortium 
discussed the likelihood that an opportunistic event would 
occur and its consequences and provided the researchers with 
past examples of agents' opportunistic behaviors. The discussion 
with all agents focused on understanding where some potential 
opportunistic behaviors could potentially occur in their activi-
ties and in the SC and the monitoring mechanisms that were al-
ready in place (e.g., certifications, audits by a surveillance body). 
However, agents obviously did not disclose any intention to 
game the system or that there was a conflict between their goals 
and those of the consortium regarding food safety and quality.

Moreover, dyads and the BC project were observed until a cer-
tain point in time, and it would be interesting to explore how the 
BC use could evolve over time to reach the ideal BC system ini-
tially designed. In some dyads, this is challenging, as changes in 
the regulatory environment can take a long time. In other cases, 
such evolution could be observed in scenarios in which the prin-
cipal incentivizes actors who are reluctant to use IoTs or smart 
contracts. Future longitudinal case studies are also required to 
understand the dynamics in BC system adoption evolution. On 
the one hand, the flexibility of adapting a BC system to agents' 
needs can facilitate its adoption, as the present research sup-
ports. Yet, on the other hand, it requires additional costs to the 
technology provider and the principal, which may explain why 
in other BC cases (Table 1), principals use one BC system across 
the supply network.

Finally, the case study investigated did not involve small family-
owned fruit stores or neighborhood markets in the downstream 
network, as it focuses on large-scale retail chains. Future re-
search could investigate the use of BC in these other channels, 
including differences in terms of food quality and safety as well 
as ex-post opportunism.
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Appendix 1

Research Protocol

TABLE A1    |    Protocol for the interviews.

Introduction •	 Presentation of the research motivations and research team
•	 Data confidentiality, research consent, and permission for recording

Interviewee 
general 
information

•	 Could you describe your current role and responsibilities within the company/consortium, and your years of experience?

Company/
consortium 
information

•	 Could you describe the history of the company/consortium and its mission?
•	 What is the size of the company in terms of full-time employees and its annual revenue?
•	 What is the size of the consortium in terms of associates?
•	 How is the company/consortium positioned in the market?
•	 What are the different activities/processes carried out?
•	 What type of products or services does the company offer to the market?
•	 Who are the main customers and suppliers of the company and where are they located?
•	 What type of relationship does exist between the consortium and the SC actors?
•	 Is there any contractual agreement between the consortium and the SC actors? What is the content of the contract?a

•	 What type of opportunistic behaviors can occur that can compromise food quality and safety? Which phases in the SC can be 
viewed as the most critical in this regard? Why?a

•	 Is any product quality control carried out within your company? In what SC phases is the products' quality currently 
controlled?a

•	 Who is responsible in case of final product quality issues? Has the consortium any visibility on your internal processes today? 
Has the consortium visibility on SC actors today?a

BC system-
related 
information

•	 How does the food industry perceive BC technology?
•	 When did the project start?
•	 What are the SC actors currently involved in the project and the ones that are not? What are the structure and characteristics of 

the supply network?
•	 What are the reasons behind the consortium decision to promote the adoption of a BC system? What were the expected benefits?
•	 What are the reasons behind the decision of the company to adopt the BC system? What were the expected benefits?
•	 What benefits does the developed BC system promise to bring in terms of food safety, quality, and integrity?
•	 To what degree does the top management understand the importance of BC for the company and support its adoption?
•	 What are the reasons which led the SC actors to adopt the BC system? Which companies were the hardest to involve in the 

project?
•	 Are there skilled employees within the SC actors with expertise on BC? Did the SC actors have an adequate network 

infrastructure for BC system implementation?
•	 Has the company skilled employees with expertise on BC? An adequate network infrastructure for BC system implementation?
•	 Could you describe the implementation process, the SC actors' processes involved, the required changes in the current activities, 

etc.? How long did the BC system implementation process take?
•	 Have SC actors faced implementation hurdles or other types of difficulties?
•	 Can you describe the BC system adopted? Is it public, hybrid or private? What are its main characteristics (e.g., degree of data 

visibility, immutability, veracity, data reading etc.)? Is the BC technology complemented by other technological tools, such 
as smart contracts, AI, or IoT? What are the characteristics of the latter? How are they used? What is the traceable unit? Is 
information detailed at the lot level?

•	 Was the BC system proposed by the TP and the consortium adapted to SC actors' needs? What are the changes and the reasons 
behind them? Why the consortium originally designed a specific BC system? To what degree did SC actors find the proposed BC 
system complex?

•	 What are the main costs related to BC system implementation and use? Who has covered costs? Has the project been financed 
by the government?

•	 Are there some national norms or rules that regulate/restrict the adoption of BC systems by some SC actors?
•	 What information is saved on BC by the SC actors and which data is made accessible to the consortium?
•	 What type of information is publicly accessible to everyone?
•	 How is the problem of data privacy managed?
•	 Is the issue of interoperability taken into consideration?
•	 Is the BC system compatible with the enterprise information systems and business processes currently in use within the SC 

companies?
•	 How do the SC actors perform data entry? Who is responsible for this process? How can data veracity be assured? Is there any 

type of control over the gathered data?
•	 What type of label is used to link the products to the related information saved on BC?
•	 How do consumers access information that is saved on BC?
•	 How is information presented to consumers?

Personal 
questions

•	 What do you think about the future development of the project?
•	 What do you think are the main hurdles in adapting the BC system to a wider scale?
•	 Do you have any other remarks or questions?
•	 Could you provide us with additional documentation related to the project?

aQuestions useful to derive information on the risk of ex-post opportunism.
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TABLE B1    |    Data reduction and operationalization (BC systems variables).

BC System variables

Variable Definition Rating

Permission 
model

Property of BC systems that determines the permission of 
accessing BC transactional information and the degree of 

information immutability.

Private: Access to information is restricted by a single 
validator to only a preselected number of authorized users. 

It offers low guarantees of data immutability by design.

Hybrid: Access to information is managed by the network 
member who uploads the data, who can decide which 

transactions will be publicly accessible and which ones 
private, hence restricted to certain users. It offers high 

guarantees of data immutability by design.

Data entry Process of data collection and transcription into BC using an 
electronic or mechanical device.

Human: Data is collected by human operators who 
periodically transcribes it on BC manually using an input 

device, such as a keyboard or a mobile phone. It is prone to 
data quality issues, such as time delays, input errors, and 

intentional manipulations.

Human + IoT: Data is collected both by human operators 
and IoT sensors and the subsequent transcription on BC 
is performed both periodically through manual entry or 
automatically by using IoTs that directly upload data on 
BC. Human intervention is reduced but not eliminated; 

hence, the risk of data quality issues is only partially 
mitigated.

IoT: Data is collected automatically by using IoT sensors 
that directly transcribe it on BC. Human intervention is 

eliminated; hence, the risk of data quality issues is severely 
mitigated.

Third-party 
certification 
bodies 
(TPCB)

Involvement of third-party certification bodies that carry out 
on-field audits to ensure the quality of the data collected and 

transcribed, both by humans and IoT sensors, into BC.

No: Trusted third-party certification authorities are not 
involved.

Yes: Trusted third-party certification authorities are 
involved to perform regular audits and verify the 

correctness of human data entry as well as IoT sensors 
proper functioning and calibration.

Smart 
contracts

Computer programs based on BC data that automatically execute 
certain actions when pre-defined conditions are met.

No: Smart contracts are not implemented.

Yes: Smart contracts are implemented to automate one or 
more activities of a certain process based on information 

that is saved on BC.

 21581592, 2025, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jbl.70019 by U

niversita D
i U

dine V
ia Pallad, W

iley O
nline L

ibrary on [12/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



36 of 36 Journal of Business Logistics, 2025

A
pp

en
di

x 
2

D
at

a 
R

ed
uc

ti
on

 a
nd

 O
pe

ra
ti

on
al

iz
at

io
n

T
A

B
L

E
 B

2    
|

    
D

at
a 

re
du

ct
io

n 
an

d 
op

er
at

io
na

liz
at

io
n 

(c
on

te
xt

ua
l v

ar
ia

bl
es

).

C
on

te
xt

ua
l v

ar
ia

bl
es

D
im

en
si

on
V

ar
ia

bl
eb

D
ef

in
it

io
n

R
at

in
g

A
G

EN
C

Y 
TH

EO
RY

R
is

k 
of

 a
ge

nt
's 

ex
-p

os
t 

op
po

rt
un

is
m

R
is

k 
th

at
 th

e 
ag

en
t a

ct
s i

n 
its

 o
w

n 
se

lf-
in

te
re

st
 a

t t
he

 e
xp

en
se

s o
f 

th
e 

pr
in

ci
pa

l. 
It

 is
 d

et
er

m
in

ed
 u

si
ng

 a
 ri

sk
 m

at
ri

x 
(F

ig
ur

e 
3)

 th
at

 
co

ns
id

er
s b

ot
h 

th
e 

lik
el

ih
oo

d 
th

at
 a

n 
ev

en
t o

cc
ur

s a
nd

 th
e 

re
su

lti
ng

 
de

tr
im

en
ta

l i
m

pa
ct

 fo
r t

he
 c

on
so

rt
iu

m
, w

ith
 a

 fo
cu

s o
n 

pr
od

uc
t 

qu
al

ity
, s

af
et

y,
 a

nd
 a

ut
he

nt
ic

ity
 (Z

si
di

si
n 

an
d 

El
lr

am
 2

00
3)

.

Lo
w

: T
he

 ri
sk

 o
f o

pp
or

tu
ni

st
ic

 b
eh

av
io

rs
 is

 lo
w

.
M

ed
iu

m
: T

he
 ri

sk
 o

f o
pp

or
tu

ni
st

ic
 b

eh
av

io
rs

 is
 m

ed
iu

m
.

H
ig

h:
 T

he
 ri

sk
 o

f o
pp

or
tu

ni
st

ic
 b

eh
av

io
rs

 is
 h

ig
h.

TO
E

TE
C

H
N

O
LO

G
IC

A
L

Te
ch

no
lo

gy
 c

om
pl

ex
ity

a
D

eg
re

e 
of

 d
iff

ic
ul

ty
 p

er
ce

iv
ed

 b
y 

th
e 

ag
en

ts
 o

f i
m

pl
em

en
tin

g 
th

e 
BC

 
sy

st
em

 p
ro

po
se

d 
by

 th
e 

co
ns

or
tiu

m
.

Lo
w

: T
he

 a
ge

nt
 p

er
ce

iv
es

 a
 lo

w
 d

iff
ic

ul
ty

 in
 im

pl
em

en
tin

g 
an

d 
us

in
g 

th
e 

BC
 sy

st
em

.
M

ed
iu

m
: T

he
 a

ge
nt

 p
er

ce
iv

es
 m

ed
iu

m
 d

iff
ic

ul
ty

 in
 im

pl
em

en
tin

g 
an

d 
us

in
g 

th
e 

BC
 sy

st
em

.
H

ig
h:

 T
he

 a
ge

nt
 p

er
ce

iv
es

 h
ig

h 
di

ff
ic

ul
ty

 in
 im

pl
em

en
tin

g 
an

d 
us

in
g 

th
e 

BC
 sy

st
em

.

R
el

at
iv

e 
ad

va
nt

ag
ea

D
iff

er
en

ce
 b

et
w

ee
n 

ta
ng

ib
le

 a
nd

 n
on

-t
an

gi
bl

e 
be

ne
fit

s p
er

ce
iv

ed
 b

y 
th

e 
ag

en
t a

nd
 th

e 
ef

fo
rt

s/
co

st
s r

eq
ui

re
d 

to
 im

pl
em

en
t a

nd
 u

se
 th

e 
BC

 
sy

st
em

 p
ro

po
se

d 
by

 th
e 

co
ns

or
tiu

m
 (C

lo
he

ss
y 

et
 a

l. 
20

19
).

Lo
w

: T
he

 a
ge

nt
 p

er
ce

iv
es

 th
e 

BC
 sy

st
em

 a
s p

ro
vi

di
ng

 a
 lo

w
 b

en
ef

it 
co

ns
id

er
in

g 
th

e 
ef

fo
rt

 re
qu

ir
ed

 fo
r i

ts
 a

do
pt

io
n 

an
d 

us
e.

H
ig

h:
 T

he
 a

ge
nt

 p
er

ce
iv

es
 th

e 
BC

 sy
st

em
 a

s p
ro

vi
di

ng
 a

 g
re

at
 b

en
ef

it 
co

ns
id

er
in

g 
th

e 
ef

fo
rt

 re
qu

ir
ed

 to
 it

s a
do

pt
io

n 
an

d 
us

e.

O
RG

A
N

IZ
A

TI
O

N
A

L
O

rg
an

iz
at

io
na

l s
iz

e
Si

ze
 o

f t
he

 a
ge

nt
 in

 te
rm

s o
f t

ot
al

 n
um

be
r o

f f
ul

l-t
im

e 
em

pl
oy

ee
s 

(C
lo

he
ss

y 
et

 a
l. 

20
19

).
Sm

al
l: 

Th
e 

ag
en

t h
as

 fe
w

er
 th

an
 5

0 
em

pl
oy

ee
s.

M
ed

iu
m

: T
he

 a
ge

nt
 h

as
 b

et
w

ee
n 

50
 a

nd
 2

49
 e

m
pl

oy
ee

s.
La

rg
e:

 T
he

 a
ge

nt
 h

as
 m

or
e 

th
an

 2
50

 e
m

pl
oy

ee
s.

To
p 

m
an

ag
em

en
t 

su
pp

or
ta

D
eg

re
e 

of
 in

vo
lv

em
en

t, 
su

pp
or

t a
nd

 e
nt

hu
si

as
m

 o
f t

he
 a

ge
nt

's 
to

p 
m

an
ag

em
en

t t
ow

ar
ds

 th
e 

BC
 sy

st
em

 p
ro

po
se

d 
by

 th
e 

co
ns

or
tiu

m
 

(C
lo

he
ss

y 
et

 a
l. 

20
19

).

Lo
w

: T
he

 a
ge

nt
's 

to
p 

m
an

ag
em

en
t i

s r
el

uc
ta

nt
 to

 a
do

pt
 th

e 
BC

 
sy

st
em

, s
in

ce
 it

 d
oe

s n
ot

 re
co

gn
iz

e 
th

e 
va

lu
e 

fo
r t

he
 c

om
pa

ny
 

co
ns

id
er

in
g 

th
e 

ef
fo

rt
/c

os
ts

 a
ss

oc
ia

te
d 

w
ith

 it
s i

m
pl

em
en

ta
tio

n 
an

d 
us

e.
H

ig
h:

 T
he

 a
ge

nt
's 

to
p 

m
an

ag
em

en
t i

s w
ill

in
g 

to
 a

do
pt

 th
e 

BC
 

sy
st

em
, s

in
ce

 it
 re

co
gn

iz
es

 it
s v

al
ue

 fo
r t

he
 c

om
pa

ny
 c

om
pa

re
d 

w
ith

 
ef

fo
rt

/c
os

ts
 a

ss
oc

ia
te

d 
to

 it
s i

m
pl

em
en

ta
tio

n 
an

d 
us

e.

EN
V

IR
O

N
M

EN
TA

L
G

ov
er

nm
en

t o
r 

co
nt

ra
ct

ua
l i

nc
en

tiv
es

Fi
na

nc
ia

l i
nc

en
tiv

es
 g

ra
nt

ed
 b

y 
th

e 
go

ve
rn

m
en

t t
o 

th
e 

ag
en

t t
o 

su
pp

or
t t

he
 im

pl
em

en
ta

tio
n 

of
 th

e 
BC

 sy
st

em
 o

r a
ny

 in
ce

nt
iv

e 
in

cl
ud

ed
 in

 th
e 

ag
en

t-p
ri

nc
ip

al
 c

on
tr

ac
t (

C
lo

he
ss

y 
et

 a
l. 

20
19

; 
C

al
da

re
lli

 e
t a

l. 
20

20
; K

ou
hi

za
de

h 
et

 a
l. 

20
20

). 
Fo

r i
ns

ta
nc

e,
 

so
m

e 
ag

en
ts

 c
ou

ld
 b

en
ef

it 
fr

om
 re

so
ur

ce
s g

ra
nt

ed
 b

y 
th

e 
It

al
ia

n 
go

ve
rn

m
en

t t
o 

th
e 

co
ns

or
tiu

m
 fo

r B
C

 im
pl

em
en

ta
tio

n 
(g

ov
er

nm
en

t 
in

ce
nt

iv
es

). 
W

he
n 

ne
ed

ed
, t

he
y 

co
ul

d 
al

so
 u

se
 T

PC
B 

se
rv

ic
es

 b
y 

co
nt

ra
ct

 fo
r f

re
e 

(c
on

tr
ac

tu
al

 in
ce

nt
iv

es
).

Ye
s: 

Th
e 

ag
en

t r
ec

ei
ve

s f
in

an
ci

al
 in

ce
nt

iv
es

 fr
om

 th
e 

go
ve

rn
m

en
t o

r 
in

ce
nt

iv
es

 in
cl

ud
ed

 in
 th

e 
ag

en
t-p

ri
nc

ip
al

 c
on

tr
ac

t t
o 

ad
op

t t
he

 B
C

 
sy

st
em

.
N

o:
 T

he
 a

ge
nt

 d
oe

s n
ot

 re
ce

iv
e 

fin
an

ci
al

 in
ce

nt
iv

es
 b

y 
th

e 
go

ve
rn

m
en

t o
r i

nc
en

tiv
es

 in
cl

ud
ed

 in
 th

e 
ag

en
t-p

ri
nc

ip
al

 c
on

tr
ac

t t
o 

ad
op

t t
he

 B
C

 sy
st

em
.

R
eg

ul
at

or
y 

en
vi

ro
nm

en
t

Se
t o

f l
aw

s a
nd

 re
gu

la
tio

ns
 in

flu
en

ci
ng

 B
C

 u
se

 in
 th

e 
ge

og
ra

ph
ic

al
 

ar
ea

 w
he

re
 th

e 
ag

en
t o

pe
ra

te
s (

C
lo

he
ss

y 
et

 a
l. 

20
19

).
Ita

ly
: L

aw
s a

nd
 re

gu
la

tio
n 

do
 n

ot
 c

on
di

tio
n 

BC
 sy

st
em

s
C

hi
na

: L
aw

s a
nd

 re
gu

la
tio

n 
ca

n 
in

flu
en

ce
 B

C
 sy

st
em

s a
nd

 in
 

pa
rt

ic
ul

ar
 fa

vo
r t

he
 u

se
 o

f t
he

 C
hi

ne
se

 n
at

io
na

l B
C

.
a T

hi
s f

ac
to

r r
ef

er
s h

er
e 

to
 a

ge
nt

s' 
pe

rc
ep

tio
n 

of
 th

e 
BC

 s
ys

te
m

 d
es

ig
n 

pr
op

os
ed

 b
y 

th
e 

co
ns

or
tiu

m
.

b T
O

E 
fa

ct
or

s t
ha

t h
el

d 
co

ns
ta

nt
 a

cr
os

s d
ya

ds
 w

er
e 

ex
cl

ud
ed

 fr
om

 th
is

 a
na

ly
si

s (
se

e 
Su

pp
or

tin
g 

In
fo

rm
at

io
n:

 “
Sa

m
pl

e 
co

nt
ro

ls
 a

nd
 re

se
ar

ch
 b

ou
nd

ar
ie

s”
).

 21581592, 2025, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jbl.70019 by U

niversita D
i U

dine V
ia Pallad, W

iley O
nline L

ibrary on [12/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


	Blockchain Systems in Food Supply Chains: An Interpretation Through the Lens of Agency and Technology–Organization–Environment Theories
	ABSTRACT
	1   |   Introduction
	2   |   Literature Review and Theoretical Background
	2.1   |   BC in Food Supply Chains to Address Quality and Safety Issues
	2.1.1   |   Differences in BC Systems in Food SCs

	2.2   |   Grounding BC Research in the Agency Theory
	2.3   |   TOE Framework and Barriers to BC Adoption

	3   |   Research Methodology
	3.1   |   Case Selection and Sample of Principal–Agent Dyads
	3.2   |   The BC Project
	3.2.1   |   The Context of Distribution Channels

	3.3   |   Data Collection
	3.4   |   Data Analysis

	4   |   Analysis and Results
	4.1   |   Within-Case Analysis
	4.2   |   Cross-Case Analysis
	4.2.1   |   Level of System Trust of BC Systems and Risk of Ex-Post Opportunism
	4.2.2   |   Factors Influencing the BC Systems Used by Supply Chain Member Agents


	5   |   Discussion
	5.1   |   Summary of the Theoretical Model
	5.2   |   Theoretical Contributions
	5.3   |   Managerial Contributions

	6   |   Conclusions, Limitations, and Future Research
	Acknowledgments
	Conflicts of Interest
	References
	 Appendix 1
	 Appendix 2


