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Abstract: This paper aims to analyze and define incentives for the implementation of modern
technology and digitalization of the Food Supply Chain (FSC) in the function of sustainability of
the food retail sector of the Western Balkans (WB) region. The survey method was applied to a
sample of 255 employees. We tested the importance of certain indicators for the implementation of
the digitalization process, such as the application of Blockchain Technology (BT), the use of modern
IT solutions for traceability, the implementation of the Internet of Things (IoT), the introduction of
Artificial Intelligence (Al), development of a system for electronic food placement, implementation of
standards, measures, and procedures for regulating the digitalization process, continuous training of
employees and economic and financial measures and incentives. A special segment of research deals
with the impact of the implemented digitalization process on the sustainability of food placement.
The research was conducted among employees of SMEs, large-scale business entities, and retail chains.
The research results showed significant deviations from the mentioned incentives to the digitalization
process depending on the size of the FSC participants. The work has practical implications because
the obtained results show the FSC management, trade policy makers, and competent institutions
(ministries, chambers of commerce, professional associations) what measures to apply in order to
improve a more efficient implementation of the digitalization process of food placement and lay the
foundation for the sustainability of the FSC. Guidelines for future research are outlined in the paper.

Keywords: Food Supply Chain (FSC); Internet of Things (IoT); Blockchain Technology (BT); sustain-
ability; digitalization; retail; Western Balkans (WB)

1. Introduction

Numerous academic research on the topic of retail [1], logistics [2], sustainability [3],
and supply chain in recent years emphasized the increasing necessity for complete digital-
ization of the Food Supply Chain (FSC) [2]. This process was influenced by the turbulence
that occurred on the world market and the substantial gaps that appeared on the demand
side for food products caused by the COVID-19 pandemic and the Ukrainian-Russian
conflict [1]. There are problems regarding sustainability, the continuous placement of food,
safety, and security of shipments, shortages of essential food products such as grains, meat
and meat products, inflexibility and non-transparency of the FSC, etc. [4]. In addition, a
growing number of FSC participants, especially in retail, emphasize the need for remote
work, work from home, etc. [5].

Conventional FSC showed a lot of shortcomings and inflexibility to respond ade-
quately to the resulting changes. There are frequent cases of losses in the food distribution
system, stoppages and/or complete interruptions in production, distribution, and retail,
gaps on the supply and demand side, poor flow of information and weak coordination of
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cross-channel activities within the FSC [6], robustness, and non-transparency of informa-
tion [7], dysfunctions caused by inadequately trained workers, etc. [8]. The existing FSC is
not sustainable, and cannot absorb all the turbulence and sudden shocks that appear in the
market. Timely collection of information, their processing, and integration within the chain
are not at a level that will provide FSC management with an adequate response in terms of
quickly finding alternative sources of supply, continuous replenishment of stocks, finding
the most optimal routes, eliminating gaps, etc. [9].

Within the FSC, the most sensitive is the retail sector, which is in direct contact with
end consumers on the one hand and with downward members of the supply chain on the
other. Shortages of essential products lead to panic purchasing, creating large-scale gaps
on the demand side and crowding in the retail stores themselves, which make it even more
demanding to supply the market [10]. Not infrequently, late information from retailers
goes to distributors and manufacturers, which causes reduced stocks, empty shelves, and
an inadequate range of food products [11].

Previous experiences have shown that the speed with which uncertainties occur in
the market is inversely proportional to the speed with which FSC management reacts
and eliminates the consequences of those uncertainties [1]. Conventional FSC is robust,
dysfunctional, and non-transparent, with weak information flow within the FSC itself and
between the FSC and the environment [12], all this with a low rate of integrated digital
systems and processes [13]. Hence, Zhao et al. [14] and Nurgazina et al. [15] often point to
transforming the conventional FSC into a sustainable chain with fully digitalized business
processes based on modern IT solutions for traceability.

In this context, the work aims to analyze and define incentives for the implementation
of modern technology and digitalization of the FSC in the function of sustainability of the
food retail sector of the Western Balkans (WB) region (Serbia, Bosnia & Herzegovina, North
Macedonia, Albania, and Montenegro). The goal and subject of the research thus imposes
the following research question RQ1: what is the actual importance of the mentioned
indicators for the implementation of the digitalization process in food placement, and
does implementing modern technologies and digitalized business processes contribute
to the sustainability of food placement on the market? Based on empirical research, the
importance of key indicators for the implementation of the digitalization process will be
tested, such as the application of Blockchain Technology (BT), the use of modern IT solu-
tions for traceability, the implementation of the Internet of Things (IoT), the introduction of
Artificial Intelligence (Al), the development of systems for electronic food placement, im-
plementation of standards, measures and procedures for regulating the digitization process,
continuous training of employees and economic and financial measures and incentives. A
particular segment of the research deals with the impact of the implemented digitalization
process on the sustainability of food placement, which seeks to prove that digitalized
business processes contribute to the sustainability of FSC. Given that FSC research so far
indicates the existence of significant differences in food placement depending on the size of
the participants [16], the impact of the indicators will be tested in particular in SMEs, large
business entities, and retail chains. The results will show significant deviations from the
stated incentives to the digitalization process depending on the size of the FSC participants.
The scientific contribution of the work is multiple. By searching the keywords: Food Supply
Chain AND Digitalization AND Western Balkans, Sustainability AND Digitalization AND
Western Balkans, Sustainability AND Food Supply Chain AND Western Balkans according
to the research bases WoS, SpringerLink, and Scopus, a vast number of hits was observed.
Further filtering the hits according to paper title, abstract, and keywords, the number of
direct hits was WoS 7 papers, SpringerLink 6 papers, and Scopus 12 papers. After a detailed
reading of the papers, only 6 papers were identified covering the mentioned issue. There is
a research gap in this area. It was also observed that previous studies dealing with FSC
and food retailing in the territory of WB did not systematically cover all the indicators of
the digitalization process and compare them. Hence, there is a need for this research that
will fill the research gap in this area. In addition, since the research uses genuine data, a
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wholesome picture of the impact of the mentioned indicators on the implementation of the
digitalization process and the sustainability of FSC is obtained. The practical significance of
the work is reflected in the fact that, based on the obtained results, a set of measures was
proposed that trade policymakers and FSC management should implement to improve a
more efficient implementation of the digitalization process of food placement and lay the
foundation for the sustainability of FSC.

2. Literature Review

A key problem cited in many food marketing studies is inadequate cost control and
poor flow of products and services along the conventional FSC. According to [16], 92% of the
total costs related to food placement appear solely due to deficiencies and errors in transport
from the place of production (processing) to the place of final consumption (retail). It is often
stated that the FSC is disorganized in terms of inadequate connectivity between participants
and that any lack of unity creates a market gap on the supply side (lack of supply relative
to demand) [17]. The authors criticize the FSC for lacking communication between chain
participants and final consumers [18]. There is almost no two-way communication going
to downward members. Consequently, output prices of products often do not follow the
purchasing power of a certain market segment, there are gaps on the demand side (offer of
products that are not in demand), untimely reactions to consumer needs, etc. In addition,
FSC, especially in transition countries, is burdened by the inadequate distribution of risks,
profits, rewards, and losses between participants [13]. As a global problem, external factors
(wars, infections, natural disasters) and increasingly expressed wastage (loss) of food
appear [19], which seriously question the viability of the FSC.

When looking at the FSC sustainability concept, which implies the chain’s ability to
respond adequately to current market challenges, adapting to them through the rational use
of available resources, thus eliminating gaps on the supply and demand side, the authors
point to the following problems in the literature. In their 2017 study, Rezaei & Liu [20] bring
attention to serious problems of the sustainability of food placement on the global market
and point out that shortly, the need for food will increase by about 70% compared to the
current FSC capacity. The same authors estimate a 30% loss of food intended for human
consumption on the global market. In addition to all the existing challenges, the growth of
the global population is a factor that further burdens the sustainability of the conventional
FSC. This will be especially visible in urban city centers, which, on the one hand, will
require the involvement of a large number of participants (direct, indirect) in FSC, which on
the other hand, due to poor coordination between them, will cause problems in timely 7P
delivery (7P: product, price, place, process, people, physical evidence and promotion), food
quality, safety and consumer confidence. Similarly, Lemma, Kitaw, & Gatew [21] state that
due to technical limitations and inconsistencies in the production-consumption relation, a
huge amount of produced food is wasted and lost along the FSC. In absolute terms, this is
about 1.5 billion tons of food products for human consumption.

The authors agree that conventional FSCs are unsustainable, non-transparent, central-
ized, robust, and asymmetric and, therefore, less and less instilling trust among consumers
regarding the delivery of healthy foods [22]. Additionally, they have a hard time absorbing
sudden global challenges such as the COVID-19 pandemic, the Ukrainian-Russian conflict,
the conflict in the Middle East, increasing energy prices, etc. When global “health incidents”
such as aflatoxin content in milk [23], GMO food [24], mad cow disease [25], horsemeat
scandal [26], etc. are added, ensuring food traceability along the FSC based on modern
technology becomes a priority task [22].

The advantages of digitalization are multiple. First of all, they are reflected in better
optimization of the activities of all FSC participants, which leads to more efficient deliver-
ies [27], reduction of market gaps, and faster response to global market fluctuations [28].
Digitalization ensures better control of business processes, more transparent and efficient
exchange of information, and timely coordination of activities between key participants
and end consumers [22]. The feedback link that forwards information from final consumers
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through retailers to producers (processors) is especially crucial. In this way, the real needs
of consumers are met in retail by providing sufficient quantities of quality products, safe
and healthy food, and safe and complete stocks [29]. In addition, digitalized retail activities
ensure more efficient waste management, faster reverse logistics, and lower rates of product
returns and food waste [30]. Critical (control) points such as the risk of contamination,
inadequate storage and preservation conditions, hygiene, etc., are crucial for the food place-
ment. Without adequate management of the supply chain based on modern technology;, it
is not possible to fully control those critical points, and hence, it is not feasible to achieve
the flexibility, efficiency, and sustainability of the FCS [31].

Overview of Key Indicators for the Implementation of the Digitization Process

Based on the literature review and analysis of academic studies, as the most signif-
icant indicators for the implementation of the FCS digitalization process, the following
were identified: the application of Blockchain Technology (BT) [32], the use of modern IT
solutions for traceability [33], the implementation of the Internet of Things (IoT) [34], the
introduction of Artificial Intelligence (AI) [35], the development of a system for electronic
food placement [36], the implementation of standards, measures, and procedures for regu-
lating the digitalization process [37], continuous training of employees [38] and economic
and financial measures and incentives [1].

Blockchain Technology is a database that is not located in one place but consists of
smaller databases (blocks) that are digitally connected and contain information about digital
transactions of any type [39]. As such, BT meets all the mentioned needs of FSC regarding
sustainability, flexibility, transparency, and food traceability along the entire chain [32]. BT
places a particular emphasis on sustainability in the sense that it minimizes the harmful
impact on the environment, enables more effective control of working conditions, storage,
and preservation of food, eliminates its wastage, ensures better quality control of raw
materials and finished products, ensures fair distribution of profits and risks among FSC
participants, etc. The authors [32] state that BT solves specific problems in the marketing
of food, such as more efficient collection of information about food, collection of data
on its nutritional composition and composition of substances, records of wrong and/or
late orders, records of expiration dates of business contracts between FSC participants,
recording information on the transportation of food and raw materials along the entire
chain, transparency of the disposal or destruction of returnable packaging and non-use of
food, creation of smart contracts, creation of databases, etc.

Modern IT solutions for traceability, include all those digital devices that are used for
direct labeling of food products along the supply chain and contribute to their easier moni-
toring, control of storage and preservation conditions, time, place, and method of delivery,
control of critical points (contamination, hygiene, temperature, pollution), etc. These in-
clude time-temperature indicators (TTIs), which can be chemical, physical, biological, etc.,
then RFID tags [40], bar codes, wireless sensors (WS), etc.

The authors [34] interpret the IoT as a centralized digital platform that, through in-
terconnected computers and digital devices, can exchange and transfer data without the
human factor. IoT processes information collected with the help of advanced technologies,
such as RFID, cloud computing, AI, WS, TT1Is, etc. The key advantage of digitalized IoT-
based FSC is that the system collects data based on the input information, processes it, and
makes timely decisions on its own [41].

Al technology in food placement is an entirely innovative way of Supply Chain
Management (SCM) that involves intelligent planning of supply and demand levels, per-
sonalization in approaching the needs of end consumers, optimization of warehouse and
storage space, intelligent planning of the most optimal routes, waste reduction in post-
production stages, more efficient reverse logistics, etc. Such complex tasks Al achieves
through specific techniques (Deep Learning DL, Convolutional Neural Network CNN,
Belief-desire-intention BDI, Gaussian Mixture Model GMM, Support Vector Machine SVM)
and disciplines (Machine Learning ML, Computer Vision CV, Knowledge Representation
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KR, Automated Reasoning AR) [42]. At the same time, in the retail sector, in its food
delivery segment, Al implies the application of drones, aircraft, and smart vehicles, which
directly deliver food to the home address of final consumers [43].

Electronic food placement is becoming more and more prevalent in the overall structure
of placement. Estimates are that after the COVID-19 pandemic, the percentage of food
products ordered and purchased online has risen to 20% [44]. Delivery of ready-made
products, ready-made meals, fast food, fresh fruits and vegetables, etc., is certainly leading
here. An increasing number of retailers are transforming from classic brick-and-mortar
facilities into click-and-brick or pure click-and-click electronic retailers. Food manufacturers
often shorten the supply chain, bypassing distributors and retailers, by placing food directly
through their electronic stores.

The adoption of standards, measures, and procedures for regulating the digitalization
process is a sensitive area that involves the harmonization of national regulations with
international standards. The digitalization of work and the digital economy have disrupted
the traditional understanding of working conditions. They have led to the emergence
of new forms and ways of working that are different from the traditional and must be
regulated by appropriate acts [37]. The FSC management must adopt internal regulations,
instructions, and procedures related to the digitalization of business processes, which will
regulate the obligations and responsibilities of employees that arise from such digitaliza-
tion, simultaneously create conditions, and remove bureaucratic obstacles to facilitate the
implementation of digital systems.

In transition countries, such as most WB countries, continuous training of employees
is a crucial issue for the success of the implementation of the FSC digitalization process.
Simply put, digitalization requires new skills and competencies that will be in demand in
the future [38]. Employees must have specific continuous training, and get familiar with
special practices, etc. Despite this, there is always a concern about the deviation towards
changes and the non-acceptance of new solutions and ways of working.

Economic and financial measures and incentives are related to finding financial means
for modern digital systems implementation. The major disadvantage of digitalization is
that it requires considerable investments, which are almost impossible without subsidies,
loans, financial incentives, etc. It is common practice that responsible institutions should
help FSC participants feel economically secure while providing the necessary funds for
the transformation of their business activities. It includes a whole range of economic
and financial measures and incentives for all those who invest in the digitalization of
work processes, such as credit lines (lower interest rates, longer grace period, extended
repayment period), direct benefits and incentives for employees and new hires, deferred
payment, tax incentives (exemption from income tax, VAT on digitalization equipment),
participation in national and international co-financing programs (IPA funds, national
programs, EU projects), etc. [1].

The originality of the work lies in the fact that this way, in one place, the influence of
indicators on the digitalization of business processes and sustainability of food placement
in the WB region is analyzed and defined. It will fill the gap in research since only a few
studies from the WB area have dealt with the issue of digitalization within the FSC so
far. The analysis will specifically address retail as the most sensitive and final segment of
food placement. The influence of the size of FSC participants on the implementation of the
digitalization process will be tested since previous studies have indicated the existence of
vast differences in the acceptance of innovative solutions between small and independent
retailers (SMEs) and retail chains [41]. Defining the impact of these indicators is essential
for proposing adequate measures for improving working conditions and more efficient
digitalization of business processes and achieving sustainability along the entire FSC.
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3. Methodology
3.1. Objective and Hypotheses

The objective of the research is to define the importance of key indicators for the imple-
mentation of modern technology and digitalization of FSC in the function of sustainability
of the food retail sector of the WB region. The objective thus set will be operationalized
through empirical research in which the individual influence of the following indicators on
the introduction of the digitalization process will be tested: the application of BT, the use of
modern IT solutions for traceability, the implementation of IoT, the introduction of Al, the
development of systems for electronic food placement, the implementation of standards,
measures and the procedure for regulating the digitalization process, continuous training
of employees and economic and financial measures and incentives.

Previously cited studies have analyzed the impact of individual indicators, consid-
ering them crucial for modern technology implementation and the improvement of FSC
functioning. In order to obtain a thorough picture of how to digitalize business processes
in FSC, it is necessary to measure and define the impact of the mentioned indicators in a
mutual comparison. Accordingly, to answer the RQ; the first group of research hypotheses
Hq,-Hjp was set.

H;,—the application of BT is statistically significant in the implementation of modern
technology and digitalization of business processes in food placement; Hy,—the use of
modern IT solutions for traceability has a statistically significant effect on the implementa-
tion of modern technology and the digitalization of business processes in food placement;
Hj.—the implementation of IoT has a statistically significant effect on the implementa-
tion of modern technology and the digitalization of business processes in food marketing;
H;g—the introduction of Al is statistically significant in the implementation of modern
technology and the digitalization of business processes in food placement; H;.—developing
a system for electronic food placement has a statistically significant effect on the implemen-
tation of modern technology and digitalization of business processes in food placement;
Hj—the implementation of standards, measures, and procedures for regulating the dig-
italization process has a statistically significant effect on the implementation of modern
technology and the digitalization of business processes in food placement; Hyg—continuous
training of employees is statistically significant in the implementation of modern technology
and digitalization of business processes in food placement; Hy,—economic and financial
measures and incentives have a statistically significant effect on modern technology imple-
mentation and the digitalization of business processes in food placement.

Based on the hypotheses set in this way, the conducted testing will precisely define
which indicators have greater importance and influence for the digitalization of FSC in
the WB region. Given that in the food distribution system, retail is the final link in the
chain where the finished product ends up and connects final consumers with other FSC
participants, it is of high importance to focus particularly on researching the potential
of digitalization in this sector. As stated in the results of the cited studies there is no
effective placement without timely feedback from the market, from final consumers to
downward-chain participants. Bearing in mind that previous studies, Zori¢ et al. [1] and
Koncar et al. [41], primarily in the WB region, indicated the existence of seizable differences
in the adoption of innovative solutions between small and medium enterprises (SMEs) and
retail chains, it is necessary to test whether the differences in the influence of indicators in
digitalization of business processes differ depending on the size of the FSC participants.
In this sense, the second research hypothesis, Hj, states that the differences in the size of
FSC participants are statistically significant for predicting the differences appearing in the
influence of indicators on the digitalization of food placement.

As cited studies have shown a direct correlation between modern technologies and
the sustainability of FSC, it is necessary to test within the existing research whether the
implemented digitization process contributes to the sustainability of FSC and food place-
ment. At the same time, to complete the response to RQj, the third research hypothesis,
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Hj, states that implemented modern technologies and digitized business processes have a
statistically significant effect on the sustainability of food placement.

The set objective of the research and the predicted research hypotheses Hy,—Hjp, Hp,
and Hj are presented in the following research model (Figure 1).

[ Application of BT
Modern IT for tracking food placement Hi
The size of FSC Participants
Hip
[ Implementation of IoT H:
ch
[ Introducing Al
Hia
[ Systems for electronic food placement ]‘\,
] Hle
[ Standards, measures and procedures | "
Has
[ Training and retraining of employees ﬂ
Hig Hs

Economic and financial measures and Hin Sustainability of food
incentives placement

Figure 1. Research model.

3.2. Research Variables

The set subject of the research dictates the need to realize the research based on
two dependent and a higher number of independent variables. The dependent variables
are represented by implemented modern technologies and digitalized business processes
in food placement and sustainability of food placement. The dependent variables were
assessed using a standard Likert scale (0-disagree; 5-strongly agree) through three state-
ments. Independent variables of the interval type of measurement are the application of
BT; modern IT solutions for traceability, IoT implementation; introduction of Al; systems
for electronic food placement; standards, measures, and procedures; continuous training
of employees, and economic and financial measures and incentives. The impact of each
of these variables on the implemented FSC digitalization process was also assessed based
on a Likert scale. The grouping independent variables include the size of FSC participants
(SMEs vs. Large-scale business entities and retail chains), demographic characteristics
(gender, education), and hierarchical position of respondents (middle-level management,
operational management, administration).

3.3. Research Sample

The research was carried out electronically using a Microsoft Teams questionnaire.
It included a sample of 255 employees working in the food distribution market of the
WB region and was conducted from July to September 2023. The representativeness of
the sample is confirmed by the fact that the surveyed employees are directly responsible
for the placement of food and have experience working with modern IT platforms and
technologies. To obtain as objective data as possible, the sample was uniform in terms of
demographic characteristics, the hierarchical position of the respondents, and the size of
the FSC participants (Table 1).
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Table 1. Research sample.

Gender n Structure (%)
Female 141 55.29%
Male 114 44.71%

Education level n Structure (%)
High school education 75 29.41%
Higher education 65 25.49%
University degree 115 45.10%

Hierarchical level n Structure (%)
Middle-level management 85 33.33%
Operational management 102 40.00%
Administration 68 26.67%

FSC participants’ size n Structure (%)
SMEs 144 56.47%
Large business entities /Retail Chain 111 43.53%

Source: Author’s calculation.

Through the coefficients of Cronbach’s alpha, Skewness, and Kurtosis (Table 2), the
validity of the selected scales was confirmed. Cronbach’s alpha coefficient values for all
indicators are above 0.750, while statistically significant deviations are not observed in
Skewness and Kurtosis. These values show that the questions asked describe an identical
problem and can be used to examine employees in FSC regarding the implementation of
modern technologies and the process of digitalization of food placement.

Table 2. Cronbach’s Alpha, Skewness, and Kurtosis coefficient.

Indicators Cronbach’s Alpha * Skewness Kurtosis
Application of BT 0.752 0.070 —1.030
Modern IT for traceability 0.828 —0.339 —0.227
Implementation of IoT 0.883 —0.553 —0.993
Introducing Al 0.802 —0.618 —1.262
Systems for electronic food placement 0.751 —0.323 —1.125
Standards, measures, and procedures 0.823 0.089 —1.208
Continuous training of employees 0.812 —0.227 —0.616
Economic and financial measures and incentives 0.817 0.582 —0.772

Note: * Minimum value for Cronbach’s alpha to confirm validity is 0.700 [45]. Source: Author’s calculation.

3.4. Research Procedure and Data Analysis

The research was conducted from July to September 2023. The online questionnaire
was forwarded via the Microsoft Teams platform to FCS employees experienced in working
with modern technologies and IT platforms. In the sample, all categories of respondents
are equally represented, except for the top management of FSC, who did not show interest
in participating in this type of research.

The questionnaire was created based on similar questionnaires that were used in
related studies [1,41]. It was structured in such a way that after general demographic
information about the respondents, they were asked to rank on a Likert scale the in-
fluence of each of the mentioned indicators on the implementation of the digitalization
process. Each indicator was evaluated through three statements. The first dependent
variable—implemented modern technologies and digitalized business processes in food
placement, was also assessed based on three statements on a Likert scale: (1) implemented
modern technology based on BT, 10T, Al, etc.; (2) implemented modern technology based on
RFID, TTI, bar codes, sensors, etc.; (3) implemented modern technology based on GPS, RS,
etc. To test the second dependent variable, sustainability of food placement, the following
statements were applied: (1) balance between used resources and timely satisfaction of the
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needs of end consumers; (2) compliance with the needs of environmental protection and
improvement; (3) satisfaction with the existing way of functioning of the FSC. The total
number of questions in the questionnaire is 19. The questionnaire was sent to a total of
550 addresses, which shows a return rate of filled questionnaires of 46.36% (255/550).
The collected data were analyzed and tested with the help of the SPSS 20 statistical
package. The Descriptive Statistics method was used to describe the fundamental character-
istics of the sample, while the Path Analysis Method (PAM) was used to define the influence
of independent variables on dependent variables. The Multiple Regression method was
used to determine the connection (correlation) between the size of FSC participants and
differences in the influence of indicators on the implemented digitalization process.

4. Research Results

The average answers of respondents (M) to the claim that independent variables (indi-
cators) have a statistically significant effect on the implementation of modern technologies
and digitalization of business processes in food placement are shown in the following table
(Table 3). In addition to the average rank, descriptive statistics (SE, SD, Min., Max.) are
presented.

Table 3. The most important indicators of Descriptive statistics of the influence of independent
variables on the digitalization of business processes in food placement.

Standard Standard

Order No. Indicators 1\;[1:;;11 Min. Max. Error Deviation
(SE) (SD)

1 2 5 3 4 6 7

1 Application of BT 4.23 1.00 5.00 0.0703 0.9513
2 Modern IT for traceability 4.01 1.00 5.00 0.0517 0.9170
3 Implementation of IoT 4.31 2.00 5.00 0.0672 0.7003
4 Introducing Al 3.87 1.00 4.00 0.0561 0.8117
5 Systems for electronic food placement 4.25 1.00 5.00 0.0660 0.9271
6 Standards, measures, and procedures 3.44 1.00 4.00 0.0821 1.1309
7 Continuous training of employees 3.56 2.00 5.00 0.0774 1.0426
8 Economic and financial measures and incentives 4.22 1.00 5.00 0.3276 0.7290

Source: Author’s calculation.

Respondents mostly agree with the statements that the key indicators for the imple-
mentation of the FSC digitalization process are the implementation of IoT (M = 4.31), the
development of a system for electronic food placement (M = 4.25), and the application
of BT (M = 4.23). FSC employees believe that the good connectivity of all participants,
products, and activities of FSC through BT and IoT contributes to more efficient output
services and timely food placement. Also, they particularly emphasize the transition from
traditional stores in favor of e-retail, online ordering, and food delivery. In two of these
three indicators, a high degree of agreement is also noticeable (BT: SD = 0.9513; e-placement
systems: SD = 0.9271), which speaks in favor of respondents being uniform in their atti-
tude to these statements. In the case of loT implementation, the agreement is somewhat
weaker (SD = 0.7003), probably because some food distribution systems are not based
on IoT yet, and the respondents are not familiar with their benefits. Employees assign
significant influence to modern IT solutions for traceability (M = 4.01; SD = 0.9170), which
coincides with some previous studies that better connection of participants, products, and
FSC processes is achieved by using TTI, RFID, WS, etc. [33]. The slightest importance is
attached to standards and procedures (M = 3.44; SD = 1.1309) as well as continuous training
of employees (M = 3.56; SD = 1.10426). It is interesting to note that a relatively low ranking
was given to the statement regarding the introduction of AI (M = 3.87; SD = 0.8117), which
is not in accordance with the results of related studies [42]. The probable reason is that Al
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systems have not been implemented sufficiently in food supply chains on the WB market,
and as such, they remain unknown to FSC employees.

The testing of the first group of research hypotheses Hj,—Hj}, primarily requires
determining the degree of correlation between independent variables and implemented
modern technologies and digitalized business processes in food placement. The Multiple
Regression Analysis method was applied to determine the correlation between the analyzed
variables. Table 4 shows the test results.

Table 4. Contribution of independent variables.

Stand. Coefficient

Indicators t Sig.
Beta St. Error

(const.) 0.897 1.272 3.457 0.000

Application of BT 0.838 ** 0.862 0.812 0.008
Modern IT for traceability 0.724 * 0.703 1.042 0.033
Implementation of IoT 0.841 ** 0.620 1.125 0.001
Introducing Al 0.664 * 0,870 0.584 0.028
Systems for electronic food placement 0.745 ** 0.869 1.125 0.000
Standards, measures, and procedures 0.551 0.972 0.584 0.080
Continuous training of employees 0.352 0.733 0.970 0.334
Economic and financial measures and incentives 0.679 ** 0.814 1.042 0.001

Note: ** Significant at the level 1%; * Significant at the level 5%, Source: Author’s calculation.

The resulting model shows statistical significance (F(120;8) = 2.663; p < 0.01), which
implies that the set of independent variables is statistically significant and predicts the
implementation of modern technology and digitalization of business processes in food
placement. The resulting model describes 52.6% of the criterion variance. By reviewing the
individual contributions, it is noticeable that among the indicators that statistically signif-
icantly predict the implementation of the digitalization process the following indicators
stand out: implementation of IoT (8 = 0.841; p < 0.01), the application of BT (8 = 0.838;
p <0.01), developed systems for electronic food placement (3 = 0.745; p < 0.01) and economic
and financial measures and incentives (8 = 0.679; p < 0.01). Such results confirm the results
of cited studies that consider these independent variables as the most significant for FSC
digitalization. A significant correlation is also present with the developed IT systems for
traceability (8 = 0.724; p < 0.05) and the introduction of the Al systems (8 = 0.664; p < 0.05),
while no statistically significant deviations are observed for the other variables.

As the conducted testing confirmed the existence of a significant correlation between
the observed variables, the application of the Path Analysis Method (PAM) will precisely
define the impact of each independent variable on the implementation of modern technol-
ogy and digitalization of business processes in food placement. The statistical significance
of the model is confirmed by the following parameters: NFI = 0.976, RFI = 0.937, IFI = 0.966,
TLI = 0.961, CFI = 0.988, RMSEA = 0.029, CMIN/DF =1.387. Table 5 presents the results
of testing the hypotheses Hi,—Hjy,, as well as the confirmed statistical significance that
appears in the mutual influence of the analyzed variables.

The results of the PA method show that the variables BT application, modern IT
for traceability, IoT implementation, the introduction of Al, implementation of systems
for electronic food placement, and economic and financial measures and incentives have
a statistically significant impact on the implementation of modern technology and the
digitalization of business processes in food placement. We conclude that the research
hypotheses Hj,, Hyy,, Hi., Hiq, and Hyy, are accepted, which means that any increase in
the influence of the mentioned independent variables is positively reflected and gives
incentive to the digitalization of the FSC. No statistically significant influence was observed
in the remaining independent variables, and those hypotheses were rejected. The following
structural model illustrates the paths of influence of the analyzed variables, and their
mutual influence (Figure 2).
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Table 5. Results of Path Analysis Method.

Path
Ord. No. Path Coefficient t Value Result

1 2 5 6 7

1 A.pl'pl'lcat.lon of BT > Implementatlc')n of modern t(?chnology and 0.776 15.021 Support
digitization of business processes in food marketing

2 Mos:l.ern .IT for trac.eabﬂlty » Implementatlon of modern technology and 0.566 3.077 Support
digitization of business processes in food placement

4 Impl.emefntatlon of. IoT » Implemegtatlon of modern technology and 0.539 10.030 Support
digitization of business processes in food placement

5 Ir}tl"o'(iucjclon of AI'» Implementatl'on of modern technology and 0.706 15174 Support
digitization of business processes in food placement
Systems for electronic food placement » Implementation of modern

6 technology and digitization of business processes in food placement 0-530 3.587 Support

7 Standards, measures, anc.l procedu?es » Implementratlon of modern 0.176 1.835 Reject
technology and digitization of business processes in food placement

3 Continuous training .Of employees ” Implementatl'on of modern 0.152 1213 Reject
technology and digitization of business processes in food placement
Economic and financial measures and incentives » Implementation of

9 modern technology and digitization of business processes in 0.678 3.077 Support
food placement

10 Application of BT » Modern IT for traceability 0.657 8.323 Support

11 Application of BT » Implementation of IoT 0.774 15.221 Support

12 Implementing IoT » Introducing Al 0.812 10.030 Support

13 Implementation of IoT » Systems for electronic food placement 0.671 9.070 Support

14 Economic and financial measures and incentives » Introduction of Al 0.922 15.174 Support

15 Economic and financial measures and incentives » Continuous training 0.620 8.078 Support
of employees

16 Continuous training of employees » Modern IT for traceability 0.691 9.022 Support

Source: Author’s calculation.

[ Application of BT Implementation of IoT ]
0.664 0.54
[ IT for traceability
0.69 1

]

[ Continuous training of emplovess

Implementation of modern

technology and digitalization
[ Systems for electronic food placement ]—{F’ of business processes in food
062 : placement
F Y
071
Economic and financial [
measures and incentives J o l Introducing Al ]

Figure 2. Structural model.

Bearing in mind that cited studies have shown that the acceptance of modern technolo-
gies differs depending on the size of FSC participants and that it is an extremely sensitive
issue in the retail sector, which represents the last place in FSC where numerous informa-
tion, data, products, and services intersect between downward chain participants and final
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consumers, it is necessary to examine whether the size of the FSC participant affects the
application of modern technology. As in the case of the first group of research hypotheses,
the Multiple Regression Analysis method will first test whether there are differences in
the influence of independent variables on the implementation of modern technologies and
digitalization of business processes in food placement in both strata (SMEs, large business
entities /retail chains). Testing confirmed that the regression model is significant for both
SMEs and large business entities/retail chains. For SMEs, the obtained model shows the
following statistical significance: F(120;8) = 2.663; p < 0.01 and predicts 48.4% of the criterion
variance, while for large business entities/retail chains, it is F(100;8) = 2.663; p < 0.05 and
predicts 57.1% of the criterion variance. Table 6 shows the test results for both strata.

Table 6. The individual contribution of independent variables observed by FSC participant size.

SMEs Large FSC Participants

Indicators - -

Beta Sig. Beta Sig.

(const.) 0.924 0.002 0.855 0.012
Application of BT 0.742 ** 0.000 0.804 ** 0.002
Modern IT for traceability 0.411 0.073 0.714 * 0.013
Implementation of IoT 0.7884 * 0.020 0.841 ** 0.000
Introducing Al 0.270 0,980 0.554 ** 0.022
Systems for electronic food placement 0.952 ** 0.001 0.683 ** 0.000
Standards, measures, and procedures 0.481 0.582 0.551 * 0.040
Continuous training of employees 0.461* 0.033 0.352 0.733
Economic and financial measures and incentives 0.679 ** 0.814 0.114 0.294

Note: ** Significant at the level 1%; * Significant at the level 5%, Source: Author’s calculation.

The results obtained by strata show certain deviations. It is evident that independent
variables such as the introduction of Al, standards, measures, and procedures, and the
application of modern IT solutions for traceability do not have a significant impact in
the stratum of SMEs, while the variables, first of all, the introduction of the Al systems
(8 =0.554; p < 0.01), is especially prominent in large FSC participants. The reason for the
obtained results lies in the fact that small FSC participants consider the introduction of
Al in their business systems too abstract and complex a problem, and at the same time,
they believe that they do not have enough capacity to implement a system for electronic
monitoring of food placement. In addition, we are talking about small, organized systems
that hold that the introduction of additional standards, procedures, and regulations to
the existing ones would further burden the already complicated administration. On the
other hand, it is noticeable that SMEs consider economic and financial measures and
incentives to be important (3 = 0.679; p < 0.01), and without them they cannot implement
expensive systems for digitizing business processes. Contrary to this, for the large-scale FSC
participants, financial resources are not a crucial problem for the introduction of modern
technologies. The remaining variables have an equally significant impact in both strata.
These results confirmed the second research hypothesis Hy—that the differences in the size
of FSC participants are statistically significant in predicting the differences appearing in
the influence of indicators on the digitalization of food placement. This fact confirmed the
findings of some previous studies [1,41].

The precise influence of independent variables by stratum will be defined using
the PA method. PA testing shows that both obtained models are statistically significant
(SMEs: NFI = 0.987; RFI = 0.913; IFI = 0.944; TLI = 0.923; CFI = 0.956; RMSEA = 0.024;
CMIN/DF = 1.384; retail chains: NFI = 0.957;, RFI = 0.940; IFI = 0.961; TLI = 0.926;
CFI = 0.935; RMSEA = 0.031; CMIN/DF = 1.257). Figure 3 (structural model) presents the
paths of influence of independent variables on the implementation of modern technology
and digitalization of business processes in food placement by strata (SMEs, large-scale
participants in FSC).
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Figure 3. Structural models by strata.

Finally, it is necessary to clearly define the need for digitalization in terms of whether
the implemented digitization process contributes to the sustainability of the FSC. To test
the third research hypothesis Hj, the impact of implemented modern technologies and
digitalized business processes on the sustainability of food placement will be precisely
defined using PAM. The statistical significance of the model is confirmed by the following
parameters: NFI = 0.992, RFI = 0.916, IFI = 0.980, TLI = 0.951, CFI = 0.985, RMSEA = 0.034,
CMIN/DF = 1.276. Table 7 presents the test results.

Table 7. The test result of the impact of implemented modern technologies and digitalized business
processes on the sustainability of food placement.

Ord. No.

Path Path Coefficient t Value Result

2 5 6 7

Implementation of modern technology and digitization
1 of business processes in food marketing » Sustainability 0.812 15.221 Support
of food placement

Source: Author’s calculation.

The obtained result shows that the use of modern technology has a statistically sig-
nificant effect on the sustainability of FSC and food placement. This confirms the results
of previous related studies [41], as well as hypothesis H3, and it is concluded that imple-
mented modern technologies and digitalization of business processes have a statistically
significant effect on the sustainability of food placement. The correlation is positive and
strong, which means that as the intensity of the impact of digitalization increases, the
sustainability of the entire food chain and placement increases as well.

5. Discussion

The need for research arose from the need to digitalize food flows in FSC as more and
more academic studies emphasized. It is a complex task, especially in transition regions
such as the WB region, where the supply chain is not yet ready and open to the digitization
of its business processes [41]. The research and the results obtained confirmed the findings
of previously cited studies that some indicators such as the application of BT, the use of
modern IT solutions for traceability, the implementation of IoT, the introduction of Al, the
development of systems for electronic food placement, the implementation of standards,
measures, and procedures for regulating the digitalization process, continuous training of
employees, and economic and financial measures and incentives significantly affect the
implementation of the digitalization process. That influence varies depending on the size
of economic entities as FSC participants. This finding is understandable because business
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conditions, organization, and economic and financial strength differ depending on the
size of FSC participants [1]. The study confirmed the direct connection and impact of the
implemented digitalization process on the sustainability of FSC and food placement.

The results obtained and the tests carried out show that it is necessary to take the
following set of measures that the trade policy makers and FSC management should
implement in order to improve the working conditions in FSC and lay the foundation for a
more efficient implementation of the digitalization process of food placement.

Technical measures—they imply the ensuring of adequate infrastructure that will
be able to absorb and accept digital technologies and modern devices. It means that the
following three types of modern technologies must be implemented along the entire FSC:
(1) modern technological solutions based on information technologies such as BT, BDA, IoT,
Al etc.; (2) modern technological solutions based on sensors and identification systems
such as RFID, TTI, bar codes, bio-sensors, etc.; (3) modern technological solutions based on
location technologies such as RTLS, GPS, RS, WS, etc. In addition, FSC participants, and
especially retailers as the last link in the chain, should develop systems for electronic food
placement (e-stores, e-retail, web ordering applications, etc.) and work to increase food
placement through these channels up to 20 to 30% in the structure of the total placement.

Organizational measures—include the employees’ training to work with modern
technologies and the complete reorganization of business processes in the direction of the
gradual introduction of digitalization. Since digitalization requires new skills and qualifi-
cations that employees were not familiar with until now, specific programs of retraining,
special internships, professional training, seminars and lectures, specialized courses, etc.,
must be provided to them. It is up to the FSC management to respond to these requests
promptly, transparently inform employees about the advantages of digitalization, and
provide retraining for all those who want to work with new technology. Only with such
an approach will FSC not feel the gap that occurs when moving from a conventional to
a modern way of functioning [2]. Organizational measures also include the obligation
to harmonize national regulations with international standards. In that context, it is the
responsibility of the FSC management to pass internal acts, regulations, instructions, and
procedures related to the digitalization of business processes, which will regulate and
define the obligations, responsibilities, conditions, and employees” work.

Economic and financial measures and incentives—include all types of financial, credit,
tax, and other economic benefits and incentives that would encourage FSC participants
(primarily SMEs) to commence the digitization of their business processes. It is the re-
sponsibility of competent institutions, commercial banks, and national and international
financial organizations to provide all crediting and investment tools for FSC participants
who decide on such a change in business philosophy. It is surely part of the responsibility
of the FSC management to be informed and apply to national, regional, and international
funds that co-finance the implementation of modern technologies such as IPA funds, EU
funds, etc. Economic and financial incentives include: (1) all types of credit incentives
(lower interest rates, extended grace and repayment period), (2) direct compensation and
incentives for employees and new hires, (3) various types of deferred payment, (4) tax
benefits (exemption from income tax, exemption from VAT on digitization devices and
equipment), (5) participation in national and international co-financing programs (funds of
chambers of commerce and ministries, EU funds, etc.).

The inclusion of the mentioned measures in the regular operations of FSC leads to
the digitization of all business processes in food placement, which will enable FSC to be
sustainable, more transparent, and flexible. As such, FSC will more efficiently perform its
primary function, which is a timely and continuous supply of food to the market, regardless
of the influence of external factors and market gaps. Digitization is becoming the present,
and only those FSCs that approach digitalization in time will survive in the increasingly
fierce competitive battle on the global market.



Sustainability 2024, 16, 2

15 of 17

6. Conclusions

The research showed that key indicators that determine and influence the implementa-
tion of modern technologies and the digitalization of business processes in food placement
are the application of BT, the application of modern IT solutions for traceability, the im-
plementation of IoT, the introduction of Al, development of a system for electronic food
placement and economic and financial measures and incentives. The research showed that
there are also significant differences in the influence of the mentioned indicators among
FSC participants. For example, in addition to the above mentioned, a significant impact of
continuous training of employees is also noticeable with SMEs, while with large business
entities and retail chains, it is the introduction of standards, measures, and procedures
related to the digitization of business processes. No statistically significant impact is read
with economic, financial measures, and incentives. The obtained results also confirm the
justification of the implementation of the digitalization process because the testing showed
the strong impact of the implemented digitization process on the sustainability of FSC and
food placement. In this way, the answers to the research questions were obtained. RQ;: the
importance of each of the mentioned indicators for the implementation of the digitalization
process in food placement was clearly defined and the implemented modern technologies
and digitalized business processes contribute to the sustainability of food placement on
the market.

Practical implications. The obtained results signaled the FSC management (e.g., produc-
tion directors, warehouse managers, retail and wholesale managers), trade policymakers
(e.g., line ministries and secretariats), and competent institutions (e.g., professional associ-
ations, and chambers of commerce) which concrete measures should be implemented to
improve a more efficient implementation of the digitalization process of food placement
and lay the foundations for the sustainability of the FSC.

Research shortcomings. The study has several shortcomings that do not diminish its
quality, and do not call into question the obtained findings and the conducted tests. The
first shortcoming concerns the research sample, which is limited to FSCs operating in
the WB market. The authors opted for this approach due to their familiarity with the
regional FSC participants, knowledge of the functioning of food placement in the WB
region, and facilitated organization of the employee examination procedure itself. Another
drawback is the weak motivation and incentive of the top management of FSC to participate
in the conducted research. Finally, in the very structure of the questionnaire, pre-given
statements appear, with which respondents expressed their degree of agreement using a
Likert scale. This approach could lead to unintentionally guiding respondents to agree with
some statements.

Recommendations for future research. The most important guidelines and suggestions
for further research concern the following: (1) extend the research to FSC participants
from Southeast and Central Europe and compare the obtained results; (2) it is important
to find a way to motivate and encourage at least some of the FSC top managers to join
this kind of research; (3) open-ended questions should be dominant in the structure of
the questionnaire; (4) include a larger number of independent variables in the analysis,
(5) consider the application of different statistical methods, such as Factor analysis, which
would group a large number of variables into a smaller number of factors, and thus
possibly look at the research from a different angle. By applying this approach to future
research, the scientific contribution to the issue of implementing modern technology and
the digitalization of business processes in food placement would be completed.

Author Contributions: Conceptualization, R.M.; systematic literature review G.V. and D.M, method-
ology, RM. and G.V,; investigation, D.N. and S.V.; formal analysis, G.V.; data curation, K.L.;
writing—original draft preparation, D.N. and S.V,; visualization, K.L and D.M.; supervision, R.M.
and D.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.



Sustainability 2024, 16, 2 16 of 17

Informed Consent Statement: Not applicable.
Data Availability Statement: The data presented in this study are not available due to privacy.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Zori¢, N.; Mari¢, R.; Purkovié-Mari¢, T.; Vukmirovi¢, G. The Importance of Digitalization for the Sustainability of the Food Supply
Chain. Sustainability 2023, 15, 3462. [CrossRef]

2. Rejeb, A.; Rejeb, K.; Abdollahi, A.; Zailani, S.; Iranmanesh, M.; Ghobakhloo, M. Digitalization in food supply chains: A
bibliometric review and key-route main path analysis. Sustainability 2021, 14, 83. [CrossRef]

3. NegruE, C. Digital transformation and sustainable entreprenuership in Food Supply Chain. Bus. Excell. Manag. 2022, 12, 46-54.
[CrossRef]

4. Nasir, M.A.; Nugroho, A.D.; Lakner, Z. Impact of the Russian—Ukrainian Conflict on Global Food Crops. Foods 2022, 11, 2979.
[CrossRef] [PubMed]

5. Sid, S.; Mor, R.S,; Panghal, A.; Kumar, D.; Gahlawat, V.K. Agri-food supply chain and disruptions due to COVID-19: Effects and
strategies. Braz. J. Oper. Prod. Manag. 2021, 18, 1-14. [CrossRef]

6.  Bancal, V,; Ray, R.C. Overview of Food Loss and Waste in Fruits and Vegetables: From Issue to Resources. In Fruits and Vegetable
Wastes; Ray, R.C., Ed.; Springer: Singapore, 2022; pp. 3-29.

7. Wang, Q.; Zhang, M.; Li, R. Bridging the research-practice gap in supply chain risks induced by the COVID-19. Benchmarking Int.
J. 2022. ahead-of-print. Available online: https:/ /www.emerald.com/insight/content/doi/10.1108/BIJ-02-2022-0111/full /html
(accessed on 22 November 2022). [CrossRef]

8. Almuflih, AS,; Sharma, J.; Tyagi, M.; Bhardwaj, A.; Qureshi, M.R.N.M.; Khan, N. Leveraging the Dynamics of Food Supply
Chains towards Avenues of Sustainability. Sustainability 2022, 14, 6958. [CrossRef]

9.  Talal, M.; Kazmi, R;; Joyia, G.J.; Naz, T. Improving Traceability Using Blockchain and Internet of Things (IoT) in the Food Supply
Chain. In Proceedings of the International Conference on Engineering Software for Modern Challenges, Johor, Malaysia, 20-21
October 2021; Springer: Cham, Switzerland, 2021; pp. 16-25.

10. Li,J.; Hallsworth, A.G.; Coca-Stefaniak, J.A. Changing grocery shopping behaviours among Chinese consumers at the outset of
the COVID-19 outbreak. Tijdschr. Econ. Soc. Geogr. 2020, 111, 574-583. [CrossRef]

11. Roggeveen, A.L.; Sethuraman, R. How the COVID-19 pandemic may change the world of retailing. J. Retail. 2020, 96, 169.
[CrossRef]

12.  Kumar, S.; Raut, R.D.; Agrawal, N.; Cheikhrouhou, N.; Sharma, M.; Daim, T. Integrated blockchain and internet of things in the
food supply chain: Adoption barriers. Technovation 2022, 118, 102589. [CrossRef]

13. Abate-Kassa, G.; Peterson, H.C. Market access for local food through the conventional food supply chain. Int. Food Agribus.
Manag. Rev. 2011, 14, 63-82. [CrossRef]

14.  Zhao, G,; Liu, S.; Lopez, C.; Lu, H.; Elgueta, S.; Chen, H.; Boshkoska, B.M. Blockchain technology in agri-food value chain
management: A synthesis of applications, challenges and future research directions. Comput. Ind. 2019, 109, 83-99. [CrossRef]

15. Nurgazina, ].; Pakdeetrakulwong, U.; Moser, T.; Reiner, G. Distributed ledger technology applications in food supply chains: A
review of challenges and future research directions. Sustainability 2021, 13, 4206. [CrossRef]

16. Patidar, R.; Agrawal, S. A mathematical model formulation to design a traditional Indian agri-fresh food supply chain: A case
study problem. Benchmarking Int. J. 2020, 27, 2341-2363. [CrossRef]

17.  Gokarn, S.; Kuthambalayan, T.S. Creating sustainable fresh produce supply chains by managing uncertainties. J. Clean. Prod.
2019, 207,908-919. [CrossRef]

18. Raut, R.D.; Gardas, B.B.; Kharat, M.; Narkhede, B. Modeling the drivers of post-harvest losses—MCDM approach. Comput.
Electron. Agric. 2018, 154, 426-433. [CrossRef]

19.  Ciccullo, F; Cagliano, R.; Bartezzaghi, G.; Perego, A. Implementing the circular economy paradigm in the agri-food supply chain:
The role of food waste prevention technologies. Resour. Conserv. Recycl. 2021, 164, 105114. [CrossRef]

20. Rezaei, M.; Liu, B. Food loss and waste in the food supply chain. Int. Nut Dried Fruit Counc. Reus 2017, 7, 26-27. Available online:
https:/ /www.fao.org/3/bt300e/BT300E.pdf (accessed on 5 October 2023).

21. Lemma, Y,; Kitaw, D.; Gatew, G. Loss in perishable food supply chain: An optimization approach literature review. Int. J. Sci. Eng.
Res. 2014, 5, 302-311.

22. Dorneanu, B.; Masham, E.; Keykha, M.; Mechleri, E.; Cole, R.; Arellano-Garcia, H. Assessment of centralised and localised ice
cream supply chains using neighbourhood flow configuration models. Supply Chain Anal. 2023, 4, 100043. [CrossRef]

23. Afzal, A; Ashraf, S.; Syed, S.; Mustafa, R.; Khan, M.; Igbal, ].; Javed, U.; Shakil, Q. What Makes Research on Aflatoxin Crucial for
Human Health and Development? Plant Prot. 2023, 7, 109-120. [CrossRef]

24. Utami, RR.M,; Puspitasari, M. Agricultural terrorism and food insecurity in Indonesia: A policy analysis. Tech. Soc. Sci. J. 2023, 46,
362. Available online: https://heinonline.org/HOL/P?h=hein.journals/techssj46&i=363 (accessed on 5 October 2023). [CrossRef]

25.  Bao-qun, Q.LN. The regulation system of food safety in Britain after “mad cow disease” and its inspiration on the international

competitiveness of British food. Food Mach. 2023, 36, 88-92. [CrossRef]


https://doi.org/10.3390/su15043462
https://doi.org/10.3390/su14010083
https://doi.org/10.24818/beman/2022.S.I.3-04
https://doi.org/10.3390/foods11192979
https://www.ncbi.nlm.nih.gov/pubmed/36230055
https://doi.org/10.14488/BJOPM.2021.031
https://www.emerald.com/insight/content/doi/10.1108/BIJ-02-2022-0111/full/html
https://doi.org/10.1108/BIJ-02-2022-0111
https://doi.org/10.3390/su14126958
https://doi.org/10.1111/tesg.12420
https://doi.org/10.1016/j.jretai.2020.04.002
https://doi.org/10.1016/j.technovation.2022.102589
https://doi.org/10.22004/ag.econ.100876
https://doi.org/10.1016/j.compind.2019.04.002
https://doi.org/10.3390/su13084206
https://doi.org/10.1108/BIJ-01-2020-0013
https://doi.org/10.1016/j.jclepro.2018.10.072
https://doi.org/10.1016/j.compag.2018.09.035
https://doi.org/10.1016/j.resconrec.2020.105114
https://www.fao.org/3/bt300e/BT300E.pdf
https://doi.org/10.1016/j.sca.2023.100043
https://doi.org/10.33804/pp.007.01.4497
https://heinonline.org/HOL/P?h=hein.journals/techssj46&i=363
https://doi.org/10.47577/tssj.v46i1.9098
https://doi.org/10.13652/j.issn.1003-5788.2020.08.016

Sustainability 2024, 16, 2 17 of 17

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Campmajé Galvan, G. Application of Metabolomic Profiling and Fingerprinting Approaches to Food Fraud Cases. Ph.D. Thesis,
University of Barcelona, Barcelona, Spain, 2023. Available online: https://diposit.ub.edu/dspace/handle/2445/201249 (accessed
on 10 October 2023).

Wrzeciniska, M.; Czerniawska-Piatkowska, E.; Kowalewska, I.; Kowalczyk, A.; Mylostyvyi, R.; Stefaniak, W. Agriculture in the
face of new digitization technologies. Ukr. Black Sea Reg. Agrar. Sci. 2023, 27, 9-17. Available online: http:/ /dspace.mnau.edu.ua/
jspui/handle /123456789 /15348 (accessed on 10 October 2023). [CrossRef]

Wang, Y.; Kang, M.; Liu, Y,; Li, J.; Xue, K.; Wang, X.; Du, J; Tian, Y,; Ni, Q.; Wang, EY. Can Digital Intelligence and Cyber-
Physical-Social Systems Achieve Global Food Security and Sustainability? IEEE/CAA ]. Autom. Sin. 2023, 10, 2070-2080.
[CrossRef]

Lukic, R. Analysis of Development and Effects of Electronic Trade in Serbia Based on SF-TOPSIS and TOPSIS Methods. Anali
Ekonomskog Fakulteta u Subotici. 2023. Available online: https://scindeks.ceon.rs/ Article.aspx?artid=0350-21208800026L /
(accessed on 11 October 2023).

Swannell, R.; Bruns, H.; Briiggemann, N.; Candeal, T.; Casonato, C.; Diercxsens, C.; Garcia, H.L.; Gil, R.; Haglund, Y.; Van,
H.E; et al. Evaluation of Consumer Food Waste Prevention Interventions. JRC Technical Report. 2023. Available online:
https:/ /publications.jrc.ec.europa.eu/repository/ (accessed on 11 October 2023).

Sufiyan, M.; Haleem, A.; Khan, S.; Khan, M.I. Analysing attributes of food supply chain management: A comparative study.
In Advances in Industrial and Production Engineering; Shanker, K., Shankar, R., Sindhwani, R., Eds.; Springer: Singapore, 2019;
pp. 515-523. [CrossRef]

Saucede, F; Piot-Lepetit, I. Blockchain, supply chains and the sustainability of agrifood systems: What are the impacts? An
illustration based on case studies. HAL Post-Print 2023, 8, 1-17. [CrossRef]

Wang, S.; Liu, X,; Yang, M.; Zhang, Y.; Xiang, K.; Tang, R. Review of time temperature indicators as quality monitors in food
packaging. Packag. Technol. Sci. 2015, 28, 839-867. [CrossRef]

Aamer, A M.; Al-Awlaqi, M.A ; Affia, I.; Arumsari, S.; Mandahawi, N. The internet of things in the food supply chain: Adoption
challenges. Benchmarking Int. J. 2021, 28, 2521-2541. [CrossRef]

Kollia, I; Stevenson, ].; Kollias, S. Ai-enabled efficient and safe food supply chain. Electronics 2021, 10, 1223. [CrossRef]

Pathak, G.P; Dadhich, B. COVID-19’s Impact on Consumer Behavior in Essential Goods Shopping across Organized, Unorganized,
and E-Retail Platforms in Metropolis. Online J. Distance Educ. E-Learn. 2023, 11, 1275-1281. Available online: https:/ /tojdel.net/
journals/tojdel/articles/v11i02 /v11i02-37.pdf (accessed on 12 October 2023).

Kovacevi¢, A. Decent Work at Local Digital Platforms in Serbia. Politicka Rev. 2023, 3, 190. Available online: https:/ /www.ips.ac.
rs/publications/35229/ (accessed on 12 October 2023). [CrossRef]

Vladimirov, L.S.; Kamchatova, E.Y.; Burlakov, V.V. Digitalization of the labor market in the fourth industrial revolution. In Digital
Economy and the New Labor Market: Jobs, Competences and Innovative HR Technologies; Springer International Publishing: Cham,
Switzerland, 2021; pp. 275-282. Available online: https://link.springer.com/chapter/10.1007/978-3-030-60926-9_35 (accessed on
12 October 2023).

Vukovi¢, V.; Tran, A.D.; Mari¢, R.; Rashwan, A.; Henningsen, S.; Sliwa, M.; Ubiparipovi¢, B. Blockchain in supply chain
management in automotive industry: Systematic literature review. Strateq. Manag. 2023. online first. [CrossRef]

Bibi, F,; Guillaume, C.; Gontard, N.; Sorli, B. A review: RFID technology having sensing aptitudes for food industry and their
contribution to tracking and monitoring of food products. Trends Food Sci. Technol. 2017, 62, 91-103. [CrossRef]

Konéar, J.; Grubor, A.; Mari¢, R.; Vuéenovi¢, S.; Vukmirovié, G. Setbacks to IoT implementation in the function of FMCG supply
chain sustainability during COVID-19 pandemic. Sustainability 2020, 12, 7391. [CrossRef]

Monteiro, J.; Barata, J. Artificial intelligence in extended agri-food supply chain: A short review based on bibliometric analysis.
Procedia Comput. Sci. 2021, 192, 3020-3029. [CrossRef]

Rejeb, A.; Rejeb, K.; Simske, S.J.; Treiblmaier, H. Drones for supply chain management and logistics: A review and research
agenda. Int. J. Logist. Res. Appl. 2023, 26, 708-731. [CrossRef]

Chang, H.H.; Meyerhoefer, C.D. COVID-19 and the demand for online food shopping services: Empirical Evidence from Taiwan.
Am. J. Agric. Econ. 2021, 103, 448-465. [CrossRef]

Cortina, ].M. What is coefficient alpha? An examination of theory and applications. J. Appl. Psychol. 1993, 78, 98-104. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://diposit.ub.edu/dspace/handle/2445/201249
http://dspace.mnau.edu.ua/jspui/handle/123456789/15348
http://dspace.mnau.edu.ua/jspui/handle/123456789/15348
https://doi.org/10.56407/bs.agrarian/3.2023.09
https://doi.org/10.1109/JAS.2023.123951
https://scindeks.ceon.rs/Article.aspx?artid=0350-21208800026L/
https://publications.jrc.ec.europa.eu/repository/
https://doi.org/10.1007/978-981-13-6412-9_50
https://doi.org/10.21494/ISTE.OP.2023.1008
https://doi.org/10.1002/pts.2148
https://doi.org/10.1108/BIJ-07-2020-0371
https://doi.org/10.3390/electronics10111223
https://tojdel.net/journals/tojdel/articles/v11i02/v11i02-37.pdf
https://tojdel.net/journals/tojdel/articles/v11i02/v11i02-37.pdf
https://www.ips.ac.rs/publications/35229/
https://www.ips.ac.rs/publications/35229/
https://doi.org/10.5937/pr77-44233
https://link.springer.com/chapter/10.1007/978-3-030-60926-9_35
https://doi.org/10.5937/StraMan2300044V
https://doi.org/10.1016/j.tifs.2017.01.013
https://doi.org/10.3390/su12187391
https://doi.org/10.1016/j.procs.2021.09.074
https://doi.org/10.1080/13675567.2021.1981273
https://doi.org/10.1111/ajae.12170
https://doi.org/10.1037/0021-9010.78.1.98

	Introduction 
	Literature Review 
	Methodology 
	Objective and Hypotheses 
	Research Variables 
	Research Sample 
	Research Procedure and Data Analysis 

	Research Results 
	Discussion 
	Conclusions 
	References

