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Abstract — The food industry is centralized around one
major element - the consumer. The changing expectations of
consumers drive the industry. The dominating advantage of
purchase triggers such as price, taste and convenience during the
past years started losing positions to such factors as health, safety
and experience. These drivers of the consumer value equation
are based on the overarching factor — transparency. In the case
of the agri-food sector - the consumer is not able to access
transparent information about the product if end-to-end
traceability across the supply chain is not available. Based on the
case study example, it was defined that there is a need for
technology that can bridge information flow in the chain and can
potentially ensure traceability for end consumers. The pineapple
supply chain was chosen as an example for this study in order to
narrow down the scope. This study was based on a qualitative
approach, with the usage of such data gathering techniques like
desk research and semi-structured interviews. For the analysis of
the data, such methods like content and narrow analysis were
used. The result of the analysis showed that blockchain
technology could be seen as a perspective tool for the traceability
in the pineapple supply chain. Furtherly, based on the analysis of
the internal processes in combination with outcomes of the
technology expert interviews and desk research - the technology
integration concept was defined. It was concluded that even
though blockchain can be seen as an effective solution for food
chain traceability, there is still a need of the market research that
should prove the hypothesis regarding the need to the
traceability in the food industry.

Keywords — Food supply chain, Traceability, Blockchain,
Identification, Technology integration.

I. INTRODUCTION

According to the report presented by the Deloitte [1], 51%
of the consumers are willing to pay more for healthy and safe
food, and this percentage continues to grow [1]. Consumers
demand the traceability that can be verified as an essential
aspect of safety and quality. In order to fulfil this demand, the
need for the system that can provide information about the
origin and life-cycle of the goods arise [2]. In the case of the
agri-food sector - the consumer is not able to access
transparent information about the product if end-to-end
traceability across the supply chain is not available [2]. The
management of the company expects that customers will
request a service that can enable consumers to trace
information about the particular product from the "farm to
fork™" in areliable and trustable manner. However, the problem
is that currently, the company is not able to provide this kind
of service due to reasons such as lack of alignment between
the data systems of the supply chain members, lack of the
information standardization and inability to fully identify and

authenticate the traceable product. Therefore, the company
lacks the knowledge about technology that could potentially
bridge these gaps, be up-to-date and be used as a traceability
platform in its supply chain. Taking into consideration these
challenges, the main research question for this study was
formulated as follows — "Which technology should be chosen
and how can it be integrated into the pineapple supply chain
of the company in order to ensure traceability?".

Il. METHODOLOGY

This research was based on the qualitative approach as it
focuses on a case study of a single company. Qualitative
techniques are covered both — collection and analysis stages
of the research project. In this particular case, such data
collections methods of qualitative research like — desk
research and semi-structured interviews were used. The usage
of these techniques helped to receive an in-depth
understanding of the current situation and practices in the
pineapple supply chain and also about the defined technology
concept. Firstly data was gathered by using such collection
methods like desk research and interviews. Secondly, data
were analyzed by using techniques like narrative and content
analysis. Thirdly, based on the findings the conclusion was
drawn and recommendations to the company were provided.
For this research, the purposive homogeneous technique was
used. Homogeneous sampling focuses on one subgroup in
which sample members are similar, such as a particular
occupation or expertise area [3]. Experts were identified based
on the following criteria’s. They should have experience with
the defined traceability technology in supply chain
management (preferably food sector). The sample size was
established based on the information from Saunders [3]. In his
book, he mentioned that in the case when a semi-structured
interview is used, the sample size should include from 5 to 25
participants [3]. Based on that, it was determined that this
study should have at least 5 participants for this part of data
gathering. In order to find the experts, the social network,
LinkedIn was used. The requests for the interview were sent
to the 52 experts; from this number 33 did not respond. So 19
potential participants showed interest. However, due to the
different reasons, it was possible to conduct an interview with
8 of them, which is already higher than the minimal level for
this type of research.
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TABLE 1. EXTERNAL EXPERTS THAT PARTICIPATED IN THE INTERVIEWS.

Respondent Organization
Respondent 1 IBM
Respondent 2 DataFastlane
Respondent 3 Exertis: Supply chain services
Respondent 4 Ripe.IO
Respondent 5 The Fork
Respondent 6 The Fork
Respondent 7 Capgemini
Respondent 8 UNISOT

I1l. RESULTS

A. Literature study

Food supply chain

The food supply chain can be seen as a network of
interconnected stakeholders working together to make goods
available, rather than a singular chain. In simple words - the
food supply chain is a series of operations, procedures and
entities that help to bring food from the raw material to the
plate of consumers [4]. Agri-food supply chain management
is comprised of the set of unique characteristics, that
distinguish it from a typical supply chain. List of the
characteristics includes: Unique nature of the products, due to
the perishability of goods and limited life-cycle; Variability of
quantity and quality on-farm inputs; Specifications for
transportation, storage, quality conditions and safety; Need of
complying with regulations and food safety procedures and
also a need of specialized attributes like traceability and
visibility [5].

Traceability

Traceability can be defined in different ways depending on
the observed industry. According to the Espifieira &
Santaclara [6] in the case of the food supply chains traceability
can be defined as follows — “The ability to identify at any
specified stage of the food chain (from production to
distribution) from where the food came (one step back) and to
where the food went (one step forward) [6]. The increasing
demand for sustainable food pushes companies to implement
traceability systems along the food supply chains. However,
the implementation of such systems has become difficult due
to such aspects like usage of the conventional systems,
undeveloped information systems in the supply chain which
prevents real-time tracking and end-to-end visibility [7]. One
of the core factors that should be considered in the traceability
system is standardization. Standardization allows achieving
rapid, correct, efficient and protected information exchange
process between the supply chain participants. The creation of
information standards can accomplish this alignment. The
information standards should include agreements on the
format used, content and meaning of the data that will be
shared between the supply chain participants and the
communication tool or method that will be used for processing
it [6]. According to the Verdouw [8], the following list
contains the most valuable supply chain information
standards: Identification standards (codes) - digital number
plates related to the particular products, items and locations.
Codes are used as access keys for the application through the
entire chain, like usage of RFID and tracking and tracing.
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Auto-ID standards: mutual agreements regarding the physical
size of the barcodes or RFID chips. Data communication
standards: technical agreement about how related data should
be distributed between participants. (by the usage of the
internet). Standard messages: mutual agreements on the
structure of the shared messages, regarding the content and
relevance [8].

Technology affordances and constraints

Theory of Constraints was developed by Eli Goldratt in
early 1980’s. Theory of Constraints claims that management
of the organization should focus on the few aspects, which
prevents the achieving of the goal [9]. The model of the Eli
Goldbratt was upgraded by Floyd and Ronen (1992) as a result
two additional steps were introduced: Set-up the system’s goal
and Determine the performance measures. So the combined
system was consist of the following steps:

Set-up the system’s goal

Determine the performance measures

Identify the system's bottlenecks

Decide How to Exploit the Constraint

Subordinate everything else to the above decision.
Elevate the system's bottlenecks

If, ina previous step, a bottleneck has been broken go back
to step 3 [10] [11].

Noak~kowbdPRE

The concept of technology affordance means what individual
or organization can achieve by the usage of the particular
information system when technology constraints refer to
barriers that could prevent achieving of the goals while using
the information system. [12].

ICT

Majority of companies are implementing the information
technologies in the operations in order to streamline SCM
activities [13] Information technologies that are used for
supply chain management purposes could be divided into
three major categories: Transaction processing (improvement
of the information flow efficiency), supply chain planning and
collaboration (sharing of the information related to planning
and scheduling) and order tracking and delivery coordination
(monitoring of individual shipments and orders). Each
category can help to process information and as a result, use it
in the various parts of the particular business model [14].

Current trends

In arecent report (2019) presented by the World Economic
Forum and McKinsey, the food supply chain experts and
consultants outline a so called “Transformative twelve” — list
of the technologies that in the upcoming ten years will create
an impact on the food systems. From this list, experts outline
three core technologies that will support the innovation in
traceability systems. These technologies are “Food sensing
technologies”, “Internet of Things” and “Blockchain” [15].
The “Food sensing technologies” and “Internet of Things” are
based on the sensor technology platform, which means they
are suitable for the real-time tracking, automated data
capturing and identification of the elements through the
supply chain. In the same time, Blockchain is based on the
distributed ledger technology. Distributed ledger enables
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more accessible gathering, analysis, integration and
distribution of the data. Both sensor and distributed ledger
technologies in combination with data elements and unique
identifiers creating the traceability system.

B. Empirical study
Technology concept

In order to identify traceability technology for the
organization, three technologies mentioned in the current
trends chapter — loT, blockchain and Food sensing
technologies were taken into consideration. The secondary
desk research was done in order to investigate the chosen
solutions. The findings from the desk research were allocated
to the comparison table. The table illustrated the name,
description, benefits and uncertainties and the possible
alternatives of the particular technology. Findings represented
in the table were used during the interview with ICT manager
of the company in order to identify a technology concept
model. Based on the outcomes of the interview, it was defined
that blockchain is the most preferable solution, based on it is
characteristics and applications. According to Jude (2016), the
high level of interest about the blockchain technology strives
companies to start a digital transformation in order to solve
business-related issues (Umeh, 2016). Therefore, many IT
managers from different fields try to apply it in almost any
project, which is not entirely correct. Managers should be able
to identify the reasons to use blockchain clearly, especially
from a data management perspective (Casino, Dasaklis, &
Patsakis, 2019). In his work Lo (2017) suggests that before the
adoption of the blockchain, the management should examine
the suitability of the blockchain, based on the use cases
requirements (Sin Kuang & Qinghua, 2017). In order to do
that, the author introduced a suitability evaluation framework
(Figure 1).
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Fig. 1 Suitability Evaluation Framework

Company case was evaluated according to the questions
represented in the framework. Based on the findings from the
table, it can be concluded that blockchain can be seen as a
better solution than conventional databases.
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Table 2 illustrates the outcomes of the experts' interviews.
It can be seen that all eight experts stated that blockchain could
be seen as a solution for a food supply chain traceability, and
they are not visible alternatives exist. Based on these findings,
blockchain was defined as a technology concept for this case
study and investigated furtherly.

TABLE 2. EXPERT INTERVIEW: OPINION ABOUT THE BLOCKCHAIN AS
TRACEABILITY TECHNOLOGY FOR FOOD SUPPLY CHAINS

Respondent | °¢ blockchainasa See better
i solution? alternatives?
! Yes No
2 Yes No
3 Partly Cheaper
systems
4 Yes No
5 Yes No
6 Yes Cheaper
systems
7 Yes No
8 Yes No

Technology integration concept

In order to develop the integration concept of the
blockchain as traceability technology in the pineapple supply
chain, the series of empirical questions were answered. Thus,
the integration concept for company is based on the
combination of the findings.

What is the technological background of the blockchain and
what configuration of it is fit for company?

Blockchain can be defined as the secure record of the
transactions, which are collected into blocks and chained in
chronological order and distributed between the different
servers in order to create reliable provenance of the data, each
block is interconnected with the next one using a
cryptographic signature [16]. Blockchains allows having a
distributed peer-to-peer network, where members that not
trust each other can interact with each other and exclude the
need of the trusted authority [17]. In their report, the Food and
Agriculture Organization (2019) provides the following
description of the blockchain types. In the private blockchain,
only users with the specific permission could become a part of
the network, and thus they can add and verify records to the
blockchain. Public blockchains are decentralized, and
everyone can join and leave the network; all information is
visible to the public, and each network participants can initiate
a transaction [18]. Table 3 represents the analysis of the
blockchain types based on the interviews with the experts. It
can be seen that there is no central tendency regarding the
suggested blockchain type. Each of the blockchain types has
benefits and drawbacks. Due to this fact, the particular
conclusion about what type of blockchain should be
considered by organization can be hardly made. However,
experts underpinned their choices with various arguments
illustrated in Table 4. Therefore management of the company
could use them in order to make a decision.
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TABLE 3. EXPERT INTERVIEW: SUGGESTED BLOCKCHAIN TYPES

Atlantis Highlights in Computer Sciences, volume 1

problem. However, it should be pointed out that those
respondents who provided a negative answer, underpin their

Respondent Advised Blockchain type point of view by the availability of the solutions that can bring
. standardization.
1 Private
2 Private TABLE 5. EXPERT INTERVIEW: LACK OF THE INFORMATION
3 Public/Private STANDARDIZATION AND BLOCKCHAIN COMPATIBILITY
- Respondent [ Isita How it to solve it or why it is not a problem?
4 Private esponden Wil ow it to solve it or why it is not a problem
5 Public i o Because the most of the traceability information usually already in
. A lace. The digitalization of paper based not necessarily needed
6 Public/Private i 5 Y
" " Because blockchain is a technology and need standardization. Mainly
7 Public/Private
- 2 No all known blockchain applications for traceability use GS1 EPCIS
8 Public
standard.
3 Yes Create data standardization agreements between the members.
Designed internal application that is interoperable between the
TABLE 4. EXPERT INTERVIEW: BENEFITS AND SUITABILITY OF THE PUBLIC 4 Yes e ,
application and blockchain layer
AND PRIVATE TYPE
Designed of system similar to invoice scanning, that can automatically
5 Yes
Public Private proceed paper documents to the electronic format
) ) *  Safety of the information Because blockchain can store various versions of the electronic formats
+ Brand image improvement o  Avoid of Proof-of-Work complexits 6 No
«  More reliable voic ol Frootol-Tork complexity and paper based documents can be uploaded like a photo copy.
*  Avoid unknown partners
+  Can be properly controlled despite the Bri — . 7 Yes Create data standardization agreements between the members
. ring efficiency to business processes
arguments of private solution supporters - — =
. «  Easier to implement 8 Yes Internal solution “Digital Twins”
»  Closer to initial idea of the technology

) «  Suitable for project with time limits
*  Suitable for long-term projects

«  Good match with the global supply chain

structures.

What are the current processes of the material and
information flow in pineapple supply chain and which of them
can be seen as constraints for integration of blockchain?
Traceability system should be able to differentiate both
downstream and upstream flow in the supply chain, in other
words, transformations of bulk product into the packaged
good for the end user [19]. Thus, it was important to
understand the processes in the pineapple supply chain. In
order to to do this two models were used. The first model is
the Product Flow Model or PFM. PFM can help to visualize
the fundamental transformations to supply chain members and
related product flow starting from the input material and
toward the end product. [7]. And second model is Business
Process Diagram or BPM. BPM helped to link by link
describe the existing procedures and links between entities
involved in the supply chain and illustrate a product life cycle
mechanism [20]. The BPD and PFD diagrams provided in-
depth analysis of the current processes in the pineapples
supply chain including information sharing procedures, the
involvement of the different stakeholders and transformations
of the product that is happening during the journey through the
value chain of the company. Additionally, based on the
Technology affordances and constraints theory, the processes
or events that can be seen as constraints for the technology
integration were outlined such as — lack of information
standardization, pineapple labelling process and lack of
knowledge and awareness of stakeholders. The lack of
information standardization was outlined as one of the points
that from the point of view of the company could prevent the
achievement of end-to-end traceability. Thus, this question
was discussed in the interviews. Table 5 illustrates the
summary of findings. It can be seen that opinion or the experts
is divided. Three respondents think that lack of information
standardization it is not a problem and five state it as a

How to align blockchain technology with the data systems of
pineapple supply chain ?

During preliminary research for this study was defined that
currently, there is no alignment between the data systems of
the supply chain participants. Table 6 illustrates an overview
of the findings derived from the interviews with the external
experts. Eight respondents were asked — “How can
Blockchain be integrated with the data systems like ERP or
EDI of the supply chain members?”. Thus, t was defined that
internal databases could be connected to the blockchain via
API or by developing of the web-portal in the case if one of
the parties has an insufficient level of the ICT infrastructure.

TABLE 6. EXPERT INTERVIEW: WAY OF CONNECTION BETWEEN
BLOCKCHAIN AND CURRENT DATA SYSTEMS

Respondent Solution summary
1 Use plug-in tools that can be connected via
API to the existing data systems;
Based on the solution IBM Food Trust
2 Consider creation of the application
platform (Cloud based)
Use API to connect to the existing data
systems;
3 Two solutions — API connection and web-
portal;
4 Two solutions — API connection and SDK
connection;
5 Use API to connect to the existing data
systems;
6 -
7 Use API to connect to the existing
systems;
8 Use plug-in tools that can be connected via
API to the existing data systems;

In his report Banerjee (2018) outlining the importance of
the integration of the blockchain with such systems like ERP,
WMS, CRM and others. As all beforementioned systems are
aimed to build, track, purchase and ship products, the
integration of the blockchain will provide a copy of related to
this information in an immutable form. So the combination of
the systems will bring transparency of the movement and
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origin of goods that will be available at any point of time, for
any purpose [21]

How to identify and authenticate information about the
particular pineapple and connect it with technology?

Due to the perishable nature of the goods and complexity
of the processes in the pineapple supply chain, the need to
identify and authenticate product related information arise.
[19]. Table 7 is divided into two columns. The first part
illustrates their opinion regarding how to identify information
about particular pineapple and the second part about how to
authenticate information. It could be seen that almost all of the
respondents outline QR codes as a solution for product
identification. However, experts stated that there are no solid
solution that can authenticate information.

TABLE 7. EXPERT INTERVIEW: SOLUTION FOR THE AUTHENTICATION AND
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following questions were discussed during the interviews
with the experts. First, they were asked if it is possible to use
blockchain as a standalone technology and which support
technologies could be implemented. Secondly, they were
asked to identify essential preparation steps for the
integration. As a third question, the cost and time for
integration were discussed. The last question was focused on
the implementation accomplishment. Figure 2 shows the
summary of the findings derived from the expert interviews.
It should be also mentioned that experts stated that integration
of the blockchain should be outsourced, mainly due to the
complexity of the process.

Potential support
technologiesfools

V vV V V

Complexity of the supply chain | | Complexty of the supply chain
procedures procedures

Potential preparation steps Time factors Price factars

Internet of Things Information digitalization

Number of participants Number of participants

RFID Pilot testing involved involved

Checking of altemative

rificial Intelligen
ArticialInteligence solutions

Negoliation complexities

GS1 EPCIS standards

- . . tevel
integration Project scope level

Data cleaning

VERIFICATION
Respondent How to identify How to authenticate
information? information?
1 RFID, QR code No solid solution
2 QR code, bar-code No solid solution
3 QR code, RFID, loT No solid solution
4 QR code Tailored made solution
5 QR code, bar-code No solid solution
6 QR code -
7 RFID No solid solution
8

QR code, bar-code Tailored made solution

Table 8 illustrates opinion of the respondents regarding
the way how to provide access to the information for the
consumers. Half of the respondents mentioned that
consumers can access information via a smartphone
application and half supported the idea about the developing
of the web-interface. It should be mentioned that all of the
respondents outline the importance of QR code usage.
Because scanning of QR code can provide access to directly
to the blockchain itself or to the “mirror” repository.

TABLE 8. EXPERT INTERVIEW: ACCESS TO INFORMATION FOR CONSUMER

How to provide access to the information
for consumer?
Via web-interface
Via smartphone application
Via smartphone application
Via web-interface
Via smartphone application
Via web-interface
Via web-interface
Via smartphone application

Respondent

oo [~ oy un |4 |wa o=

Which factors should be considered by company before the
technology integration?

The second part of the main research question is intended
to provide a recommendation to about how the defined
technology can be integrated. Thus, it is essential to outline
aspects that should be considered by company before the
integration of the blockchain. In order to do this, the

Negotiation with potential
network members

Definining of the benefits for
potential network members;

Defining of the blockchain
govemance structure

Creation of the blockchain
system outside of the existing
solutions

Gain knowdedge about the
blockehain

Define the data gaps

Fig. 2 Considerations factors summary chart

IV. DISCUSSION

Despite the increasing number of research papers about the
blockchain technology and it is applications, the number of
studies which are focused on the actual integration of it is
limited. A more significant part of this study was aimed to
develop an integration concept based on the particular
business case of the food trader. Therefore part of the findings
that were discussed in an initial study not included in this
article in respect to privacy reasons. However, due to the fact
that food supply chains have similar models and processes,
part of the findings could be potentially applied for other
companies which operate in the food sector, especially as a
trader. Quite possible that other food traders could face similar
issues like — difficulties with the choice of the blockchain type
to be applied or lack of information flow standardization.
While also face issues based such as lack of interconnection
between the data systems and difficulties with identification
and authentication of the product-related information.
Additionally, consideration factors that were outlined in this
article can be applied to any food business that is planning to
use blockchain as a traceability platform, in order to prepare
the company for the integration of technology. Thus,
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blockchain can be seen as a potential technology that can
enable end-to-end traceability in the supply chain, and it can
be integrated despite the several constraints. Since there is a
possibility to integrate the blockchain into the pineapple
supply chain, it will be useful to define what kind of
information should be stored in it. Information can be
distinguished into two categories: internal, for value members
of the supply chain and external, that might be available for
the consumers. In order to identify the type of information that
needs to be gathered, in-depth cross assessment of
stakeholders’ needs should be conducted. In order to define
external information, it might be useful to create a survey that
can be shared among consumers of the customer. In this way,
in-depth insights about the real state of the consumer demand
towards transparency can be defined. Moreover, based on the
findings, it might be easier to build a plan for a real proof-of-
concept project.

V. CONCLUSION

“Current trends” chapter, three technologies were defined
to support innovation in food traceability systems. Defined
technologies were analyzed based on their characteristics and
allocated to the comparison table. Then this table was shared
with the ICT manager and discussed during the interview in
order to identify technology which potentially meets the
requirements of the company. As a result of the interview,
blockchain technology was outlined. After that, additional
desk research was done. Findings of the desk research showed
that blockchain technology is a better solution than
conventional databases based on the supply chain cases.
Additionally, the applicability of the blockchain as traceability
technology was discussed during the interview with the
external experts. Most of the experts confirmed that
blockchain is a potential solution, especially in the food
supply chain management. The integration concept of the
blockchain as traceability technology in the pineapple supply
chain was based on findings derived from several questions.
Based on the outcomes of interviews, it was defined that each
of the blockchain types has benefits and drawbacks. Since the
opinions of the experts were divided in an almost similar way,
the certain conclusion about what type of blockchain should
be considered by the organization was not made. The BPD and
PFD were made. Based on these diagrams, the information-
sharing procedures, the involvement of different stakeholders
and product transformations were mapped. After, TACT
theory was applied where the processes such as Information
standardization, pineapple labelling, and lack of knowledge
and awareness of the stakeholders were identified as
constraints for technology integration. It was defined that
internal databases could be connected to the blockchain via
API or by developing a web-portal. Moreover, the findings
from the desk research indicated that if the connection
between the blockchain and internal databases is achieved, it
can potentially bring more transparency to the supply chain
activities. Based on the findings from the interviews, it was
defined that pineapples could be traced by the integration of
QR codes or RFID tags to them. While for the authentication
problem, a particular solution was not defined, since no
reliable solution currently exists. Moreover, it was defined
that in order to provide access to traceable information, either
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an application or web-interface should be developed. Based
on the findings from the interviews, the four categories of the
factors were developed: Potential support technologies,
potential preparation steps, time factors and cost factors. Each
category consists of the sub-steps which were described in
details. Despite this, before starting the preparation of the
proof-of-concept projects it will be important to investigate
what information should be stored in the blockchain. By
accessing both internal supply chain participants and final
consumers. This research will help to prove the hypothesis
that demands on sustainable food are growing and as a result
prove that there is a need for technology that can ensure end-
to-end traceability
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