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1  Introduction

In the current dynamic worldwide environment, supply 
chains (SCs) face with a vast number of challenges, where 
demand forecasting is hampered by inaccurate historical 
demand (Perera et al. 2019; Siddiqui et al. 2022), gaps in 
communication between SC players result in poor visibil-
ity, thus creating a higher risk of unexpected issues arising 
(Gray and Purdy 2018). SCs today may be characterized as 
long and complex, therefore the bullwhip effect arises as 
a result of poor communication between entities, leaving a 
negative imprint on the overall SC operations, thus high-
lighting a need to reconsider ways of using information in a 
more effective and efficient way for a better SC coordination 
and overall performance improvement (Ojha 2019; Tliche 
et al. 2023). Fast moving business environment builds an 
additional complexity to SC collaboration, considering the 
diversity of social and organizational cultures (Huang et al. 
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Abstract
Relationships in multi-tier supply chains (MTSCs) are complex and require constant information sharing. For MTSCs 
involved in perishable product distribution, blockchain technology (BCT) is one of the most promising technologies that 
can ensure products’ traceability and safety. This study examines a Portuguese MTSC for frozen fish products piloting 
BCT adoption for its supply chain (SC) practices. The goal is therefore to explore the consequences of information avail-
ability inherent for BCT adoption pilots in the SC context. This study follows a mixed-method approach, with qualitative 
and quantitative data collection techniques. Three semi-structured interviews with players from a single frozen fish SC, 
including supplier, transporter, and retailer were conducted. MAXQDA Analytics Pro 2022 software was used for further 
coding and data analysis. An online survey among retail chain consumers was conducted resulting in 112 responses. 
Regression analysis and Pearson correlation test were further performed via IBM SPSS Statistics software. Data collection 
for both parts took place between December 2021 and July 2022. This study explores four layers in the SC– including 
supplier, transporter, retailer and final consumer. Findings revealed a current lack of extensive and detailed information 
from upper tiers regarding products’ characteristics. Despite being hyped as a “trust-enabling” technology, BCT was found 
not to eliminate the need for trustful relationships between players prior to adoption, as information input requires human 
intervention. Even in those cases when the traceability option is not of major interest to final consumers, findings revealed 
a higher probability of purchasing fish products that have traceable information available.

Keywords  Blockchain technology · Multi-tier supply chains · Final consumers · Information sharing · Frozen fish 
products · Mixed-method approach

Received: 14 September 2022 / Revised: 21 March 2023 / Accepted: 23 April 2023 / Published online: 28 April 2023
© The Author(s) 2023

Multi-tier supply chain behavior with blockchain technology: evidence 
from a frozen fish supply chain

Ulpan Tokkozhina1,2,3  · Ana Lucia Martins1,2  · Joao C. Ferreira2,3,4,5

1 3

http://orcid.org/0000-0002-2721-9710
http://orcid.org/0000-0002-8533-6595
http://orcid.org/0000-0002-6662-0806
http://crossmark.crossref.org/dialog/?doi=10.1007/s12063-023-00377-w&domain=pdf&date_stamp=2023-4-27


Multi-tier supply chain behavior with blockchain technology: evidence from a frozen fish supply chain

2020). End-to-end SCs consist of multi-tier supply chains 
(MTSCs), where a massive amount of data needs to be 
gathered and analyzed, which requires a transparent work-
flow for information sharing among all levels of the MTSC 
(Khan et al. 2021a); thus, collaboration is an essential com-
ponent that may address the current SC challenges.

Moreover, the nature of the products/services flowing in 
the SC influences collaborative behaviors, as some cases 
might require closer collaboration between parties. Com-
pared to other product SCs, food supply chains (FSCs) are 
objectively more complex, as the perishability and short 
shelf life of products create more difficulties for manage-
ment (Aung and Chang 2014). In FSCs visibility is crucial 
and more attention should be paid to improving food safety 
quality along the SC (Nacul and Revoredo-Giha 2022), 
especially for perishable and sensitive foods. Due to the 
various occurrences worldwide of food counterfeiting and 
contamination, the need for efficient SC coordination and 
revised management models is increasing to ensure con-
sumers’ health and safety, as well as to comply with the vari-
ous international regulations (Cocco et al. 2021). Innovative 
solutions using novel technologies of Industry 4.0 are gen-
erally considered for the enhancement of business practices 
(Cimini et al. 2020), but when it comes to the visibility and 
the speed of information sharing and verification in FSCs, 
technologies such as Internet of things (IoT) (Pal and Kant 
2018; Madumidha et al. 2019; Yadav et al. 2020; Rejeb et 
al. 2021a), drones (Dutta and Mitra 2021), artificial intel-
ligence (AI) and augmented reality (AR) (Kittipanya-Ngam 
and Tan 2020) are being applied.

One such type of technology that allows instant informa-
tion sharing in a decentralized way is blockchain technol-
ogy (BCT). BCT is a distributed ledger technology with the 
ability to store and share information in an immutable way 
across a network of participants (Tian 2017) and is referred 
to as a “potential breakthrough in the future supply chain” 
(Khan and Yu 2021, p.2). BCT use in SC practices allows 
businesses to manage processes more efficiently and effec-
tively (Sternberg et al. 2021), as the BCT ledger guarantees 
the authenticity of the data and enables the tracking of the 
production and storage conditions of a particular product 
back to its source (Kamble et al. 2019a). BCT applications 
for FSCs are becoming more popular, both in industry and 
academia. Due to the early stages of technology adoption, 
BCT is currently more common among larger organizations 
than small and medium ones (Khan et al. 2021c). One of 
such most popular real-world applications today is IBM’s 
Food Trust solution, which is a platform based on BCT 
that connects participants of FSCs worldwide with shared 
record data (ibm.com). In the academic literature, there is 
a vast number of proposals for FSC solutions based on the 
BCT platform concept. Research interests among scholars 

include BCT-based proposals for halal meat (Rejeb 2018; 
Sumarliah et al. 2023), the traceability of dairy products 
(Casino et al. 2021), fish products and marine conserva-
tion (Howson 2020; Tokkozhina et al. 2020; Callinan et al. 
2022), perishable food products (Kayikci et al. 2021), coffee 
(Kramer et al. 2021) and smart-contract-enabled architec-
tures for wine SCs (Tokkozhina et al. 2021), among others.

There is a significant positive influence of SC collabora-
tion on stakeholder trust and visibility (Baah et al. 2021) 
and a positive impact of BCT implementation on eco-envi-
ronmental practices and organizational performance in the 
context of cross-border SC operations (Khan et al. 2021b), 
however there is still a gap for future studies to explore what 
effect technological changes and the characteristics of prod-
ucts have on SC practices, as well as integration level of 
BCT on organizational level. BCT impacts on collaboration 
between SC partners through information sharing processes 
Rejeb et al. 2021a conceptualized proposition for BCT-
enabled MTSCs was performed (Agrawal et al. 2021), as 
well literature review approach towards the exploration of 
BCT integration in a complex MTSCs environment (Naj-
jar et al. 2022; Wang et al. 2022), leaving space for further 
empirical research conducted in the field. In the context of 
FSC a BCT project undertaken by a food retailer, involving 
different stages of the three SCs was performed (Stranieri et 
al. 2020), the possible effect of BCT adoption for sustain-
able SC architecture for wine SC was simulated and ana-
lyzed (Saurabh and Dey 2021); similarly, therefore, it would 
be worthwhile studying the real-life experience of MTSC 
players in a food supply network that is already adopting 
BCT to see the real effect. Although there are already some 
triadic SC cases investigated in various industries, including 
food (Mesic et al. 2018), furniture (Sales-Vivo et al. 2020), 
machinery and transportation (Swierczek 2020), and tour-
ism (Fong et al. 2021), among others, the academic literature 
lacks the exploration of more real-case of SC relationships 
that go beyond that of the buyer–supplier. Callinan et al. 
(2022) highlighted the current lack of empirical research 
(using, for instance, focus groups and interviews) on BCT 
enablers, barriers, and adoption factors in the fish industry. 
Thus, a gap in current knowledge remains in terms of under-
standing the broader picture for end-to-end SCs, which go 
beyond traditional dyadic and triadic relationships, espe-
cially when talking about novel technology adoption in such 
a specific industry as frozen fish, it is crucial to understand 
how information flows in a MTSC environment, and what 
the potential values are that this traceability technology may 
bring to final customers.

With the purpose to contribute to these gaps, the goal 
of this study is to explore the consequences of information 
availability that are inherent for BCT adoption pilots in the 
SCM context. In doing so, this paper aims to investigate 
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players’ views of a MTSC on the contributions and expecta-
tions resulting from information availability, and whether 
the motivations among the four tiers of SC participants 
(supplier, transporter, retailer and final consumer) regard-
ing BCT adoption differ through the SC. The case of a Por-
tuguese SC involved in frozen fish products will be used. 
Additionally, the perspective of frozen fish consumers of 
this SC was investigated to assess whether the value that 
traceability technology can bring to the product is recog-
nized and desired by customers. Accordingly, this study 
aims to answer the following research questions (RQs):

RQ1  How does the motivation for blockchain technology 
adoption and the willingness to share information differ 
throughout a multi-tier supply chain (MTSC)?

RQ2  Is the potential value of traceability information avail-
ability recognized by final consumers?

This study uses a mixed-method approach to address the 
above-mentioned RQs. The first part of the study follows a 
qualitative approach, conducting semi-structured interviews 
among a single MTSC, including the supplier, the trans-
porter and the retailer. The second part of the study is fol-
lowing a quantitative approach and is collecting data among 
final consumers of the retail chain through an online sur-
vey. This study aims to contribute to current knowledge by 
bringing together four different tiers of a single SC involved 
in the adoption of BCT for frozen fish products and explor-
ing the consequences of information availability that are 
characteristic of BCT integration.

The remainder of this paper is structured as follows. Sec-
tion  2 reviews the extant literature on BCT and SC rela-
tionships. Section  3 describes the research methodology 
applied in this study. The findings are presented in Sect. 4 
and further discussed in Sect. 5. Finally, Sect. 6 concludes 
the study, highlighting the main contributions, limitations, 
and future research directions.

2  Literature review

As stated by (Horvath 2001) “you cannot optimize your 
own operations until you understand the real-time demands 
of your customers, as well as the current constraints for 
your suppliers.” This reflects the constant challenge of SCs, 
where the need for real-time shared information would 
enable focusing on the optimization of in-house operations.

Mesic et al. (2018) found that all members in a food-
related MTSC recognized the importance of the quality and 
safety of the end products, where final consumers judged 
the overall attractiveness of products as an essential factor 

generated by the focal companies. When considering triads 
(supplier–buyer–customer), the independence of suppliers’ 
actions and negligent attitudes create complexities for the 
buyer in establishing high-quality relationships across such 
SCs (Swierczek 2020; Liu et al. 2022a) suggested that, for 
this reason, the implementation of digital governance plat-
forms is essential to protect players’ trust and deal with the 
behavioral complexity of MTSC collaborations, which over 
time implies multi-level decision-making.

Through BCT adoption, organizations can ensure secure 
transactions and processes, which may result in improved 
efficiency and long-term benefits under the scope of eco-
nomic, social and environmental aspects (Khan et al. 
2022a). BCT is a promising tool to ensure traceability and 
data integrity; it creates a decentralized environment for 
SCs where transactions are automated through the use of 
smart contracts (Juma et al. 2019). With the current grow-
ing interest in BCT solutions, it is important to understand 
what issue is BCT going to address in a specific use case, 
so decision models for the BCT platform selection can be 
used by businesses (Farshidi et al. 2020). According to Cao 
et al. (2022), traditional traceability technologies cannot 
guarantee a reliable solution for FSCs, because they are 
not decentralized, meaning that data-holder can willfully 
change the data in the traceability system, thus compromis-
ing accuracy and safety. Whereas in decentralized environ-
ments, each player uses BCT as a generic communication 
and collaboration channel, where each participant can have 
access to information and its validation on equal terms with 
any other participant (Menon and Jain 2021). In this con-
text, two types of BCT need to be distinguished: public (or 
“permissionless”); and private (“permissioned”). In a per-
missionless environment, every transaction is public, where 
usually an incentivizing mechanism encourages more par-
ticipants to join the network. In contrast, in permissioned 
networks, an invitation must be received to allow one to 
join; this can be controlled by a consortium of members or 
by a single central entity (Wang et al. 2019). BCT is an effi-
cient solution for cross-border trade, as it allows a higher 
throughput and transaction speed (Geneiatakis et al. 2020). 
As multi-level decision-making is a characteristic of MTSC 
collaborations, BCT can bring value to the coordination of 
critical decisions for SCs due to its ability to synchronize 
data, which potentially results in improved performance 
(Rejeb et al. 2021b). When considering MTSCs, weak rela-
tionships among buyers and suppliers may weaken collabo-
ration when there is a need to focus on social issues (Khan 
et al. 2021); thus, novel technologies could address the need 
to establish trust relationships between buyers and suppli-
ers. BCT, when applied to SC transactions, can enhance 
transparency and trust between MTSCs (Saberi et al. 2019; 
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this exploration lacks an angle of downstream SC like final 
customers, to understand the impact of BCT on custom-
ers’ interests and purchase decisions. Another recent study 
conducted by Yerpude et al. (2022) focused on an empirical 
analysis of parameters influencing a BCT-based digital SC 
that result in customer retention, collecting data only among 
managers from the industry that are involved in strategic 
decision-making. Thus, further investigation of customer 
interest and retention under this context are needed with the 
input of customers directly. Another empirical study was 
conducted by Yadlapalli et al. (2022), where BCT imple-
mentation challenges were explored under the scope of 
multi-stakeholders, however, stakeholders that were used 
for the investigation were not representatives of a single 
SC, which still leaves a gap on a MTSC exploration under 
the context of a single SC. Some other studies, such as 
the investigation conducted by Behl et al. (2022), focused 
solely on retailers’ perspective regarding readiness to imple-
ment BCT, concluding that BCT leads to higher trust and 
players’ motivation level, thus improving SC performance.

3  Methodology

To answer the RQs of this study, a mixed-method approach 
was used for empirical data collection. First, a Portuguese 
SC currently piloting BCT in its operations was identified. 
Negotiations with three parties of a single SC were per-
formed, and confirmation for research participation was 
received from all three entities. The SC roles of the enti-
ties that were willing to participate were: first-tier supplier; 
transporter (3PL); and retailer. Full confidentiality was 
assured to all SC entities as a condition of their research 
participation.

The data collected from the three entities, operating in 
consecutive tiers in the same SC, was aimed at answering 
RQ1; thus, a qualitative approach was chosen. The semi-
structured interview format was selected for data collection, 
as this was considered by the authors to be the most appro-
priate method for in-depth information collection regarding 
each SC participant’s perceptions. The topics for the inter-
view sessions were built based on a systematic literature 
review from extant literature in the field (Tokkozhina et al. 
2022). Prior to the interview sessions, the topics that might 
be covered were sent to each participant (see Appendix). A 
one-to-one interview session with one representative from 
each of the three entities was scheduled based on the avail-
ability of the interviewee. The positions of the interviewed 
representatives were as follows: (1) first-tier supplier rep-
resentative – quality control manager; (2) 3PL representa-
tive – manager of innovations and projects; and (3) retailer 
representative – supply chain director. All interviews were 

Kamble et al. 2019b) as records are immutable and can be 
verified at any time by any participant.

Nguyen and Li (2022) formulate two main challenges 
in the context of food SCs - first of all, natural products 
are mainly perishable, which brings potential risk to harm 
consumers’ health; second, the SC networks themselves are 
more complex and complicated when it comes to food dis-
tribution. Therefore, for food SCs, BCT brings a whole new 
improved method for product verification throughout the 
whole distribution process, allowing participants to check 
provenance information. Kamble et al. (2019a) explained 
how BCT systems are deployed in SCs through the cre-
ation of digital tokens, whereby, at every stage of the value-
adding process, the stakeholder assigns a digital token to 
each asset. As the given asset moves through the SC, the 
corresponding digital token is also reassigned to the BCT 
platform (Kamble et al. 2021). Thus, organizations can rein-
force the effect of this technology-driven solution by end-
to-end tracking of goods locomotion through the entire SC 
(Khan et al. 2022b). To obtain this extensive level of prod-
uct visibility, various parts of the SC need to collaborate in 
BCT adoption; the requirements, therefore, go beyond those 
of the classical supplier-buyer perspective. For example, 
using blockchain together with third-party logistics (3PL) 
allows the consumer to track the food origin and provides 
entire chain visibility (Johnson et al. 2020; Kafeel et al. 
2023) highlight a current lack of managers’ understand-
ing of BCT in the SC context, as well as the missing link 
between the environmental footprint of BCT and the final 
consumers’ attitudes towards it. Collaboration, information 
sharing, and partners’ coordination are the critical factors 
of BCT implementation in SCs (Kouhizadeh et al. 2020) 
enabling network organizational capabilities to be strength-
ened. However, information sharing in MTSCs can be dif-
ficult, as according to Wang et al. (2019), organizations 
are generally skeptical about sharing their information, as 
it might lead to a loss of competitive advantage. Zheng et 
al. (2023) found that producers of agricultural products are 
still hesitant about traceability increasing strategies due to 
the limited infrastructure of BCT implementation and the 
high costs of traceability platforms integration into exist-
ing operations. From the perspective of complex interna-
tional SCs, the information-sharing mechanism is also a 
crucial factor for the overall efficiency evaluation (Juma et 
al. 2019). Thus, SCs that are willing to innovate with novel 
traceability-enabling technologies must be ready to accept 
information sharing across the chain.

Liu et al. (2022b) explored the collaborative develop-
ment of a BCT-based solution between a core enterprise 
and SME enabled by the instrumentality of SC contracts, 
where compared to decentralized decision-making, central-
ized one showed more ability to increase profits. However, 
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2022 and July 2022. The questionnaire comprised two main 
parts: multiple-choice sample characteristics identification 
(Table 1); and questions regarding interest in products’ 
traceability information availability and purchasing deci-
sion variables [measured on a seven-point Likert scale (1 = 
“Not interested/Negative impact” to 7 = “Very interested/
Positive impact”)]. The inclusion criteria for participants 
were that they were at least 18 years old and had purchased 
fish products in Portugal (both continental and islands) at 
least once in the last six months. As the case study involved 
a Portuguese SC for frozen fish products, in which the retail 
chain was involved, it was necessary to identify the cus-
tomers of this specific retail chain. Therefore, one of the 
criteria was that participants had bought fish from stores 
of the commercial brand that were part of the pilot study. 
As the SC explored had to remain confidential for research 
purposes, participants were given a list of Portuguese retail 
chains and asked to identify the one they used most often. 
Afterward, the fully completed questionnaires, which indi-
cated a retail chain of interest were retrieved and used as a 

conducted in English and were recorded for later verbatim 
transcription purposes upon the agreement of each partici-
pant. A total of three interviews were conducted via Zoom 
between December 2021 and January 2022, with an average 
duration of 40 min. Data treatment and analysis took place 
between February 2022 and April 2022, the qualitative con-
tent analysis software MAXQDA Analytics Pro 2022 was 
used for coding purposes. A visit to the supplier’s site was 
also made to ensure familiarity with the operations and daily 
procedures regarding the BCT pilot.

The quantitative part of the research was administered 
to consumers via an online questionnaire sent to an initial 
convenience sample, and participants were requested to 
voluntarily share the questionnaire, i.e. using a snowballing 
technique, to ensure a higher response rate. The online ques-
tionnaire was built on the Qualtrics platform, with the ques-
tionnaire available in two languages: Portuguese (European) 
and English. Survey preparation took place between March 
2022 and May 2022. The survey was first available online in 
May 2022 and the data collection took place between May 

Table 1  Description of Sample Characteristics (n = 112)
Gender Female 56.3%

Male 43.7%
Non-binary 0%
Prefer not to say 0%

Age 18 to 29 years old 37.5%
30 to 39 years old 23.2%
40 to 49 years old 17%
50 to 59 years old 14.3%
60 to 69 years old 4.5%
70 to 79 years old 1.8%
80 or above years old 1.8%

Education level Primary school (4 years of school) 0.9%
General secondary school (6 years of school) 8%
General secondary school (9 years of school) 16.1%
General high school (12 years of school) or technological specialization course 20.6%
Bachelor’s degree 32.1%
Master’s degree 24.1%
Doctoral degree 14.3%

Purchasing behavior of fresh or frozen fish prod-
ucts in proportion

100% fresh fish 8.9%
About 75% fresh fish and 25% frozen fish 28.6%
About 50% fresh fish and 50% frozen fish 25.9%
About 25% fresh fish and 75% frozen fish 25%
100% frozen fish 11.6%

Number of family members who are considered 
when buying fish products

1–2 persons 59.8%
3–4 persons 32.1%
5–6 persons 8%
7 or above 0%

Expenses on fish products per month 0 to 19.99 euros per month 31.3%
20 to 39.99 euros per month 28.6%
40 to 59.99 euros per month 25%
60 to 79.99 euros per month 9.8%
80 to 99.99 euros per month 1.8%
100 euros or above 3.6%
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fish product distribution, there are some industry specifics 
that justify the need for novel traceability technologies. As 
mentioned by the participants, the food industry is complex 
as it has a lot of different requirements, and BCT can help 
guarantee trust in the product: “… it is very important to 
know the quality of the product, because it is what people 
consume, so it is important for the whole chain.”

Besides trust improvement towards the product, one of 
the positive outcomes of extensive information availability 
is compliance with sustainability concerns. The 3PL partici-
pant explained: “… [with BCT] we prevent some things – if 
you have any problems with a product, you prevent this by 
not sending it to market, which guarantees sustainability.” 
The retailer also saw another value-adding factor for a final 
consumer besides quick product recall: “If the customer is 
sensitive and does not want to use products that were not 
extracted in the most eco-friendly way, having information 
in your hands really adds value. The customer knows every-
thing that can be known about this product; that is a real 
value-adding factor.”

It is important to mention that, before the BCT pilot, the 
participants of the study had already been functioning in the 
same SC for some years and had well-established long-term 
relationships with each other. It was clear from the inter-
views that trust in a product was one of the central pillars 
of the pilot, but the question remains as to whether BCT by 
itself is enough to provide such trust. The perspective of 
a downstream tier player is key to answering such a ques-
tion as, at the retail points, products are received after they 
have already changed ownership several times across dif-
ferent SC players. When asked whether BCT removes the 
need for trust between partners, the retailer explained: “In a 
blockchain, information will be secure, no one will touch it, 
but if we have some idea that partner is not fully trustwor-
thy, we will doubt the quality of the information.” Regarding 
the upper tier of the SC, the supplier explained that trust is 
born from information sharing: “Trust is a requirement [for 
information] that partners want to know.”

One of the main challenges and differences in this multi-
tier BCT adoption case is the negotiation of information 
sharing requirements, namely which type of previously 
private information should be shared with partners. Down-
stream tiers wanted to see as much information about the 
product as possible: “From the retailer point of view, it is 
the same as the client – we want to know where the product 
comes from … you need to force the supplier to provide the 
correct information because there can be a lot of informa-
tion missing. Regarding the blockchain pilot, we also found, 
from the perspective of a food retailer, that we usually did 
not have the information not because we lacked the proper 
technology to trace it, but because the information was not 
provided.” The upper tier did understand the possible need 

sample for further data analysis. Owing to the convenience 
sample adopted, participants tended to be younger and more 
educated, which characterizes the tendency of future popu-
lations, as well as highlights the fact that younger consum-
ers are more open to using novel technologies throughout 
the shopping experience. As the participants represented 
a younger population, the most common family size con-
sidered when buying fish products was one to two persons, 
which might explain the fact that 31.3% of participants only 
spent up to 19.99 euros on fish products per month (Table 
1). Data analysis was further performed using IBM SPSS 
Statistics (version 27) software.

4  Findings

This section is divided into two parts, reflecting both the 
sample and data-collection method and this study’s RQs. 
Section 4.1 explores how the motivation for BCT adoption 
and the willingness to share information differed throughout 
the MTSC studied, using a qualitative approach involving 
interviews with multiple tiers in one SC. Section 4.2 pres-
ents the findings for the quantitative research conducted 
among customers of a Portuguese retail chain to ascertain 
whether the potential information availability for frozen fish 
products added value for the final consumers.

4.1  Blockchain adoption process in a Multi-Tier 
Supply Chain (MTSC)

As this study explores one SC with multiple tiers, first, clari-
fication was sought regarding the reason for the BCT pilot 
for SCM activities. All of the findings in this subsection are 
considered from the separate viewpoints of the different 
tiers: supplier; transporter; and retailer. The study showed 
that the overarching goal of the BCT pilot evolved from 
upstream to downstream in the SC. In this pilot, the supplier 
side perceived the reason for adoption as twofold: “The main 
goal was to increase capacity and the speed of searching 
where the products are, when they are already at the retail-
ing points … the second goal was trust towards the product: 
where was the fish caught before getting to the plate? This 
was the main objective.” The retailer side further explained: 
“We started the pilot to try to solve the traceability issues 
of a long supply chain.” The view expressed by the middle 
tier of the SC (3PL) was as follows: “We work with very big 
companies, and we like to be involved in such innovative 
projects. We know that our clients are participating [in a 
BCT pilot], and we are in the middle of the supply chain, 
so if they need us, we join up all the different parts: our 
needs are our client’s needs and that is why we participate.” 
Since the SC studied is the food industry, specifically frozen 
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expectations, BCT brings both advantages and risks. One 
advantage that 3PL sees is the efficiency in information 
access for their customers: without BCT, all data about pre-
vious transactions/articles have to be made manually and 
sent to the client upon request, but BCT eliminates this 
need. The retailer fully supported this view, describing the 
experience with the decentralized ledger as follows: “We 
are much faster at accessing the information … for a long 
supply chain, information access sometimes requires look-
ing through 10–12 emails.” However, the 3PL side also 
sees potential risk in keeping information without a central 
entity: “If the ledger has a problem, all the supply chain 
will have a problem. Let’s imagine that someone attacks the 
blockchain; it means everyone will be blind with no infor-
mation. But, for example, in a centralized environment, 
if one partner has a problem, another entity still has the 
information.”

One of the most important improvements that all SC tiers 
were able to witness in this pilot was the speed of informa-
tion access. When considering food SCs, the time required 
to access specific information is crucial, especially for SCs 
involved in perishable goods that may potentially harm the 
health of consumers if not stored under the required condi-
tions. Here, BCT brings an irreplaceable innovation for all 
tiers; according to the retailer: “If we have some problem 
with food, I can raise the alarm and the shops can recall the 
product. It is amazing – it is a step that can be important for 
all partners involved, all partners agree that this is a great 
benefit that we obtained. We can also achieve this through 
other technology, but the information will take two to three 
days – blockchain is much faster.” The 3PL respondent 
also saw the achievement of the main goal for a food SC: 
“We achieved the goal of the pilot – reducing the lead time 
between the recall and getting information on that recall. 
With blockchain, in 10 minutes you have the information – 
that is the biggest advantage of the pilot.” For the retailer 
tier, which is closer to downstream and the final consumer, 
the speed of information retrieval is essential to ensure the 
safety of products: “That is probably one of the biggest 
issues from the retailer point of view – to get information 
quickly, to know exactly to which stores the product was 
sent, because most of the time not only legal issues, but also 
some health issues for clients, may arise, so it is important 
for us.”

4.2  The views of final consumers on information 
availability for Fish Products

The natural purchasing behavior of consumers towards fish 
products (whether fresh or frozen) was identified among the 
sample, which also reduced the chances of bias among the 
questionnaire participants. As can be seen from Tables 1 and 

for extensive information sharing: “Blockchain has the 
capacity to share information; now we need to know what 
we can share with stakeholders. Because, for our clients, 
there should be as much ‘suppliers’ information’ as pos-
sible. For example, if we see things from the perspective of 
a client that buys a product in a shop, we should not share 
so much information, and we need to restrict it. This is what 
we need to agree upon – what do we restrict and what do we 
not restrict.” The BCT adoption pilot actually revealed the 
real issue for the SC; according to the retailer: “The actual 
problem to solve is the lack of information, not a better way 
to address and share it.” What is noteworthy is the fact that 
the supplier was open to possible negotiations regarding the 
information type that needs to be shared with other SC play-
ers: “In this pilot, for example, we do not share the prices at 
which we buy from our own suppliers; it is only information 
about the product. But it could be.”

There is one more challenge regarding information that 
was detected by the SC players, namely the quality of the 
information input into the BCT. BCT provides easier and 
more efficient access to information, but in cases where the 
records are inaccurate or contain errors, an immutable led-
ger entails extra work for the error extraction, as the infor-
mation is tied in blocks and forms a sequence. The retailer 
side shared its BCT journey observations as follows: “Our 
finding was that blockchain is a kind of garbage-in, gar-
bage-out process. If you fail to record information correctly, 
you will have garbage going in and coming out. Blockchain 
is a ‘safer and faster car’ for information to move along 
the chain, but does not ensure the quality or the reliability 
of the information.” The middle and upper tiers of the SC 
were aware of the “cost of mistakes” regarding erroneous 
information being input and took this very seriously, devel-
oping a long-term improvement plan; according to the 3PL 
respondent: “Internally, we will have to provide more train-
ing for our operators so that they understand the impact of 
incorrect information … that part is our responsibility, and 
we have to be very careful and very responsible with that.” 
The upper tier player’s feedback concerned the time-con-
suming nature of the process regarding inputting data into 
the BCT system that was created for the pilot, which also 
signifies how demanding BCT is regarding the accuracy of 
the information. Everything needs to be double-checked 
before entering it into an immutable sequence of informa-
tion blocks. “In this case, we have a little more work: col-
lecting data, putting it on platform – it is time-consuming … 
The investment is more of time, because it runs in parallel 
with other traditional systems – our partners also shared 
that they feel it is a more time-consuming process.”

The decentralized nature of BCT ledgers also highlights 
an interesting point for discussion. From the perspective of 
the 3PL tier, whose main goal is to meet customer service 
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result showed significance, with a p-value of 0.000. To 
check the strength and direction of the linear relationships 
between two variables, a Pearson correlation test was run, 
again with the level of interest in traceable information as 
the independent variable. This resulted in a Pearson cor-
relation significance of 0.522** with a two-tailed signifi-
cance of 0.000 (i.e. p < 0.05), signifying that the correlation 
is positive, strong, and significant. This shows that none of 
the sample’s descriptive factors from Table 1, such as age, 
gender, education level, etc., have an impact on purchasing 
decisions for products with traceability information avail-
ability. However, as can be seen in Fig. 1, interest in having 
information about the origins of the fish product(s) posi-
tively impacts further purchasing decisions for such prod-
ucts with traceability information availability. Interestingly, 
according to Fig. 1, even for those consumers that are not 
interested in having available information about products’ 
origins, if this information is already available, it has a posi-
tive impact on their purchasing decisions. This means that 
the novelty of the features of the fish product(s) drives the 
interest of consumers, creating more a favorable environ-
ment for product purchasing. Moreover, based on the results 
obtained, it is possible to assume that consumers’ education 
level and age have no impact, meaning that any consumer 
will experience a positive impact on purchasing decisions 
when there is traceability information availability for the 
fish product(s).

79.5% of consumers usually purchased a mixture both of 
fresh and frozen fish products; moreover, consumers exclu-
sively buying fresh fish were in the minority compared to 
those exclusively buying frozen fish products (8.9% and 
11.6%, respectively). The habit of buying both fresh and 
frozen fish can be explained by the geographical proximity 
of the country to the ocean, which provides consumers with 
a wide array of fish product options.

To identify interest in using novel technologies for 
product traceability and its potential impact on purchasing 
decisions, the relationship between the level of interest in 
traceable information and the level of willingness to pur-
chase fish products with traceable information available was 
analyzed.

A p-value < 0.05 was considered significant. To ascer-
tain whether there is any relationship between the sample 
characteristics in Table  1 and willingness to make a pur-
chase decision, a regression analysis was run with the level 
of interest in traceable information as the dependent vari-
able. Regression analysis did not show any statistically 
significant relationship between the sample characteristics 
from Table 1 and their impact on purchasing decisions with 
significance factors ranging from 0.150 to 0.444. Further, 
to test the relationship between interest in products’ trace-
ability information availability and purchasing decisions, 
a regression analysis was run with the level of interest in 
traceable information as the independent variable. The 

Fig. 1  Relationship between the level of interest in traceable information and the level of purchase willingness of traceable fish products
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sustainability goals. In general, the use of disruptive tech-
nologies in an industry context enables less resource usage, 
thus reducing the need for excessive materials (Khan et al. 
2022c). However, the findings from the pilot show that sus-
tainability achievement is rather a result of the traceability 
features of BCT, which come naturally, as the backward 
information verification function becomes available for 
final consumers. This thus represents a win–win situation 
for all SC tiers, as upstream players acquire an innovation 
in the ability to track goods after they move forwards in the 
SC, while downstream players gain in terms of the health 
and safety assurance of products and transparent informa-
tion about the initial stages of products’ processing.

In the extant literature, blockchain is considered a trust-
enabling technology (Centobelli et al. 2021) that can build 
trust among participants (Li et al. 2021). However, the pres-
ent paper’s findings reveal that, even though participants 
are seeking through BCT an extra layer of trust towards 
the product for final consumers, BCT does not build trust 
among participants. This can be explained by the fact that 
an unknown or untrustworthy SC entity will raise doubts 
regarding the veracity of the data input in the ledger. In the 
present study, the SC entities had been partnering for years 
before BCT adoption, which made them feel comfortable 
investing and piloting the technology together. As one of the 
most innovative BCT features is the immutability of data, 
having the correct information for each transaction is crucial, 
as otherwise, the retrieval of correct inputs will be time-con-
suming, and thus not acceptable for a sensitive SC such as 
perishable food distribution. This finding can be explained 
by the fact that, at this nascent stage of BCT integration for 
SC practices, all entities are in the same position and fear 
the “unknown” that the introduction of this new technology 
entails. Therefore, unless BCT clearly shows itself to be an 
optimal and necessary application, such pilots are easier to 
start among established SC players, where trust between the 
entities themselves has already been established.

The next finding reveals one of the central challenges 
that all players in the pilot recognized. As discussed above, 
the general intention of the pilot was to generate more 
trust for final consumers through the application of trace-
ability technology. Moreover, the specific SC explored had 
already been partnering for years, which made the adop-
tion smooth, as extra trust-building between entities was 
not required. However, even with trustworthy partners, a 
challenge remains in terms of extensive information shar-
ing from upstream to downstream. What was revealed in the 
findings of the study is the discrepancy between information 
demand and the willingness to share it. It is expected that 
downstream SC players that are located closer to final con-
sumers wish to see more private information from upper-tier 
players, as this information might bring more transparency 

5  Discussion

The findings of the qualitative research highlighted the 
feedback and views of different tiers in a single SC. First, 
the intentions and expectations behind the project were 
found. The general intention of the pilot was to generate 
more trust in the products through the use of traceability 
technology. Here, one can see how the supplier recognizes 
the benefits of quick product detection when products are 
out of their control and are already at the retail points. Thus, 
BCT was piloted as a technology that promises to bring fast 
information extraction. Moreover, the trust and traceability 
of the product itself are crucial both for upstream and down-
stream players in the studied pilot, which signifies the joint 
goal of achieving competitive advantage through innova-
tion and transparency. Based on the findings of the pilot, 
a multiple-tier adoption can only happen when all parties 
agree to participate; otherwise, BCT would not be able to 
deliver its main innovativeness (information traceability), 
as it would be incomplete without the middle tiers of the SC. 
When theorizing collaboration in multi-tier SCs, Vlachos 
and Dyra (2020) proposed that mid-chain parties, namely 
3PLs, become SC integrators, with retailers playing a lead-
ing role in setting key performance indicators, and suppliers 
moving towards dependency upon 3PLs’ structural and rela-
tional embeddedness. However, in the case of the BCT pilot 
studied, it can be seen that both upstream and downstream 
players depend on the 3PL’s participation and collaboration 
in the adoption process. Mid-tier participation is shown to 
be a crucial component, because otherwise there would be 
a discontinuity of information in the chain, leading to the 
traceability function losing its value as there would be clear 
gaps in the ownership of data. Thus, we suggest that a pilot 
preparation should start by bringing together all consecu-
tive tiers whose data is essential for continuous information 
tracking throughout the SC. BCT will lose its innovation 
and value if the information inputs have gaps throughout the 
product’s movement history.

As well as generating trust in the final consumer towards 
fish products, the pilot showed that BCT can also simul-
taneously address sustainability concerns. According to 
Aschemann-Witzel et al. (2019), consumers recognize food 
ingredients according to a “known-natural-good,” which 
therefore impacts their purchasing decisions. As indicated 
by participants in this study, BCT’s tamper-proof records 
enable transparency for final consumers in terms of the data 
input concerning food additives or the capture/storage con-
ditions of fish, which allows consumers the freedom to make 
accurate choices and can prevent potential health problems. 
Bai and Sarkis (2020) argued that those businesses seek-
ing to invest in BCT solutions need to set up supporting 
performance measurement systems for transparency and 
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nature of BCT records represents a clear novelty in terms 
of independent information access, especially for middle 
and downstream tiers, as they usually need to see specific 
records about previous or ongoing stages of product distri-
bution. Manual information search, extraction, and shar-
ing are undoubtedly more time-consuming; thus, BCT can 
address this constraint, providing more efficiency in infor-
mation retrieval. However, the decentralized environment 
creates risks that were recognized by participants: in the 
case of an attack or technical issue, a cloud-based technol-
ogy might not be safe, as all participants would lose visibil-
ity and access simultaneously. To mitigate such concerns, 
Wu et al. (2017) suggested that BCT, although primarily 
designed for a distributed architecture, might also be exe-
cuted in a centralized manner. However, we do not suggest 
that pilots adopt BCT in a centralized manner, because this 
eliminates the main novelty of the technology, forcing it to 
become just a database, when it was not designed to be such, 
furthermore requiring extra investment for the adoption pro-
cess. Instead, to gain confidence in BCT and fully compre-
hend the functionality behind it, pioneers should start pilots 
in a permissioned environment, where only participants that 
have a pair of digital keys have access to the visibility of 
transactions and further record-making. This approach will 
reduce the possibilities of attack, as all the participants who 
have access will be chosen by a consortium of SC members 
involved in the pilot.

One of the most visible improvements that were revealed 
through interviews was the information access accelera-
tion across the SC. Bumblauskas et al. (2019) discussed 
the traceability and transparency of BCT-based food SCs, 
which enables efficiency increases and the reduction of risks 
related to food recalls. BCT use for perishable food products 
may also bring cost reductions, as instead of recalling entire 
product series, retailers can identify the specific batch(es) 
affected and trace to which retail point they have been dis-
tributed (Kayikci et al. 2021). The present paper’s findings 
also support this argument, showing the value of quick 
information access for perishable product distribution. The 
findings also suggest that it is not so much the transparency 
and traceability features of BCT that enable quick recall, 
but rather the distributed nature of the digital ledger. When 
SC participants have absolutely equal access to the same 
immutable records, one entity can detect a threat and can 
alert other participants, who will be able to quickly access 
and check the record details, enabling them to quickly take 
decisions regarding further actions for potentially harmful 
products.

Treiblmaier and Garaus (2022) applied signaling theory 
and tested a model that explores the influence of traceability 
systems on perceived product quality, resulting in an increase 
in consumers’ purchases through BCT-enabled traceability 

and traceability to the product itself. The extant literature 
usually suggests that first-tier suppliers are hesitant when 
information on transactions or relationships with their sup-
pliers needs to be exposed (Vyas et al. 2019). However, in 
the present paper’s findings, the upper tiers recognized the 
value of extensive information availability about the prod-
uct and were open to the negotiation of specific informa-
tion provision based on the needs of downstream players. 
This might be explained by the overall strong partnering 
relationships between players in the explored pilot, where 
all partners recognized the importance of successful product 
distribution for the positive consumption experience of final 
customers. The key question, therefore, concerns what kind 
of information should be shared and whether it would bring 
value to the end-consumers. Accordingly, based on the find-
ings, we suggest negotiating and documenting the type of 
information that needs to be captured in the blockchain for 
a specific pilot. This will not only result in greater transpar-
ency but will also likely lead to greater satisfaction with the 
BCT adoption for all players, as it would bring novelty to 
the product information availability.

Another challenge detected in this SC relates to the 
information quality input. Wan et al. (2020) claimed that 
BCT-enabled information-sharing deployment within a 
SC ensures that all participants can have access to veri-
fied information, thus enhancing collaborative partner-
ships. However, the piloting SC revealed a “downside” to 
this information sharing, namely that attempting to insert 
perfectly correct, error-free information into the immutable 
ledger is a time-consuming process, as it requires double-
checking. In the case of information correctness, BCT does 
not add the extra value, it only provides the tamper-proof 
guarantee and the immutability of the records, but it cannot 
verify whether the records are correct. Thus, in this context, 
the immutability feature represents more of a challenge than 
an advantage, as any future corrections to the information 
in the BCT network, although possible, are extremely diffi-
cult and resource-consuming. The nature of the BCT ledger 
requires altering information in every previous block, as all 
of them are connected with the hash of the previous transac-
tion input. One can conclude, as highlighted by one of the 
interviewed entities, that there is a need for further training 
for employees. Training and time may be required to gain 
confidence in using BCT and putting the information into it 
without hesitation, which once again highlights the nascent 
stage of BCT adoption in practice. For broader adoption in 
the future, Powell et al. (2022) also suggested integrating 
BCT with (IoT) oracles for event tracking in SCs and prod-
uct provenance assurance for data integrity.

The duality of storing information in a decentralized 
manner represents another important finding worthy of dis-
cussion. According to the study participants, the distributed 
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Based on the quantitative results from the final consumers, 
it can be concluded that this traceability information about 
fish products is valuable and that it is driving greater interest 
in purchasing. BCT was not mentioned to the final consum-
ers as a technology of interest to avoid bias, therefore it was 
possible to analyze the real value of traceability information.

All four tiers of SC participants investigated in this study 
showed to pursue a common main goal of having the possi-
bility to trace the information about fish products. However, 
there are some differences in motivations among the four 
tiers (supplier, transporter, retailer and final consumer) that 
need to be highlighted:

	● The supplier is mostly focused on traceability to increase 
the trust towards the product for both retailers and final 
consumers;

	● The transporter is realizing the crucial position that it 
occupies in the SC, thus participation is motivated by 
the willingness to “not break” the chain of traceable 
information, as the transportation provider is providing 
a service between two other tiers in the SC;

	● The retailer is motivated by the ability to trace the infor-
mation throughout the product movement in the SC, 
aiming to assure the safety of the fish products that are 
put up for sale in retailing points;

	● The final consumers, even in cases when initially were 
not motivated to receive traceable information about 
fish products, show a higher intention to purchase fish 
products if there is the possibility to have access to the 
information that allows tracing the origin of the product.

As seen from the present study, endeavors towards provid-
ing traceability information for frozen fish products com-
ing from multiple SC stakeholders result in final consumers’ 
greater interest in purchasing novel products with extensive 
information availability regarding the origins and process-
ing stages of the products. To the best of the authors’ knowl-
edge, this study is the first attempt in the academic literature 
to bring together four different tiers of a single SC involved 
in the adoption of BCT for frozen fish products, as well as 
using a mixed methodology to obtain more accurate results. 
This study contributes both to academia, by revealing 
MTSC elements’ different views and motivations towards 
BCT adoption and information sharing, as well as to the 
managerial world, by providing a holistic overview of an 
example of a real BCT adoption case for a perishable food 
SC, thus allowing businesses the value of traceability solu-
tions in their SCs. By applying a mixed method approach, 
this study is contributing to current SCM academic litera-
ture by exploring different tiers of a single SC using vari-
ous methods for bias reduction of participants, leaving an 

labeling. Specifically, unfamiliar product brands were per-
ceived as higher quality when a BCT-enabled traceability 
label was on the package. The present paper’s quantitative 
approach, however, differs as it was based on a supermarket 
chain often used by consumers. Thus, the present paper’s 
findings enrich the extant literature, showing that, without 
a specific connection to the brand familiarity of a product 
itself, consumers’ purchasing intentions for fish products in 
a popular supermarket can be positively impacted by having 
information available on the product’s origins and process-
ing stages. Moreover, BCT was deliberately not mentioned 
in the consumer questionnaire in order not to create bias 
over the recent “hype” concerning this technology, thus 
revealing the true value and impact of traceability informa-
tion availability without binding it to a specific disruptive 
solution. Furthermore, no significant difference in purchas-
ing decisions was found based on the product type that 
consumers usually buy: consumers were more likely to pur-
chase both fresh and frozen fish products when traceability/
origin information was available. Therefore, when consid-
ering an end-to-end multi-tier SC, it can be concluded that 
efforts towards traceability information coming from the 
upper tiers of the SC truly drive final consumers’ increased 
purchasing decisions, which is also in line with the retailer’s 
motivation to bring value to the final consumers.

6  Conclusions and future directions

A multi-tier SC is characterized by a complex environment 
of relationships between different elements; therefore, any 
attempt to bring innovation through novel technologies 
needs to be well explored and justified in terms of the value 
that is expected from the technology adoption. This study 
aimed to investigate the potential existence of differences in 
motivations across multiple tiers of SC participants regard-
ing BCT adoption, as well as views on the contributions and 
expectations regarding traceability information availability. 
In the case explored, it was evident that each player in the 
MTSC was mostly interested in meeting the expectations of 
its first-tier customer, with the overall aim of satisfying the 
final consumer. The case explored deals with frozen fish, 
a sensitive and perishable product, which makes this satis-
faction request even more relevant. This study enriches the 
extant literature by examining four tiers of a single SC (sup-
plier, 3PL, retailer, and final consumers of a supply chain) 
regarding the value and importance of the availability of 
traceability information.

This study shows that the availability of traceability 
information for fish product origins has a positive impact 
on consumers’ purchasing decisions, driving more sales of 
traceable products and bringing more value to all SC tiers. 
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	● BCT knowledge and awareness raise.
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Semi-structured interview guidelines by topics.
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