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Abstract

The food traceability system (TS) provides visual services for consumers by recording every operation
procedure of food supply, processing, marketing as well as distribution throughout the supply chain. This
study aims to review the academic papers which are related to food supply chain traceability (FSCT) and
proposes a framework for future research. To do this, we carry out a systematic literature review of 278 peer-
reviewed scientific literature published between 1994 and September 2019. By classifying the FSCT into
pre-study and post-study of TS implementation, this study reveals a number of future research directions of
FSCT based on thematic findings and points out that the focus on such issues has shifted to the post-adoption
study of TSs. This study further categorizes nine specific research topics from past literature and identifies

specific opportunities of each theme for future research.
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1. Introduction

Since the mad cow disease broke out in Europe in the late 1990s, consumers’ concerns about food safety
have continued unabated. In February 2019, Sanquan soup dumplings, a well-known food brand in China,
was detected carrying an African Swine Fever infection. A nationwide panic broke out afterwards and nearly
caused the breakdown of the company’s supply chain. Incidents like these have created a negative image of
food quality and negatively affected consumers’ confidence in their daily consumption (Aung and Chang,
2014). Increasing evidence indicates that food quality assurance not only depends on safety technological
advancements, stronger regulation, and governance mechanisms but is also very crucial to reduce product
information asymmetry and quality risk (Zhou et al., 2021). Such governance should be the whole-process
monitoring of the food supply chain (FSC), instead of focusing solely on the quality in a particular node, such
as the production or distribution. In response, the traceability system (TS), which is information technology
to identify, capture, record, and display all the physical entities and locations throughout the entire supply
chain, has been suggested and adopted in Europe, North America, and other highly developed regions
(Regattieri et al., 2007). Properly designed TSs improve information visibility across the supply chain and
help to minimize unsafe or inferior products (Zhou et al., 2021). In addition, such systems provide possibilities
for actions to achieve a sustainable supply chain (SSC) that creates economic, environmental, and social
benefits (Mol and Oosterveer, 2015). Food supply chain traceability (FSCT) has become a major concern
as was also evidenced at the start of the Covid-19 pandemic and there is a dearth of research investigating
this topic. With the spread of the Covid-19 pandemic accelerated, in addition to human-to-human, the spread
of material-to-human has also emerged in the cold supply chains. To reduce the risk of human or material
infection, the TS has been further advocated and promoted. Through the timely collection of upstream and
downstream data in the cold supply chains, the unknown origin of the cold product can be quickly discovered,
and potential contamination risks can be identified.

Research on FSCT dates back to the early 1990s, which can be generally divided into pre-study and post-
study based on the timeline of TS adoption. The behavioral study has been a well-formulated field in the
pre-adoption theory. By contrast, the post-adoption approach mainly involved how supply chain companies
use TSs and extend their functions, as well as examine the impact of TSs’ experimentation or implementation
on their operations management. Overall, existing FSCT literature predominately focused on the pre-TS
adoption study but paid limited attention to the post-adoption study. However, many common problems and
issues are still worth summarizing and discussing (Karlsen et al., 2013). For example, the theoretical lens
was rarely mentioned or not even adequately used in traceability research, leading to an insufficient academic
contribution that cannot be generalized and extended. In addition, the research object predominately focused
on traceability at the organizational level, whereas less attention was paid to supply chain traceability (SCT)
or external traceability. Moreover, no common theoretical framework in the existing literature can tease
out current findings and inspire new research opportunities (Karlsen ef al., 2013). Thus, reviewing and
reorganizing past documentation through a systematic view and creating a framework that identifies and
illustrates gaps in future traceability research seem necessary and significant.

Before us, a small number of authors have reviewed several issues related to traceability in the food industry.
Differences from this study are mainly reflected in the following aspects. First, this review is systematic and
not just oriented to a specific subject. Conversely, works, such as Alfnes et al. (2018) and Olsen and Borit
(2013), only reviewed a particular topic within food traceability, including consumer’s preference on food
traceability and public regulations about product traceability. In addition, Borit and Santos (2015) and Garcia-
Torres et al. (2019) only reviewed a specific food product using traceability technologies. Then, Dandage et
al. (2017) and Sen (2014) conducted reviews on the traceability practice in a certain region. Second, multi-
dimensional comparison and criticism of the past literature are made in the present study to escalate the results
of Dabbene et al. (2014). Third, compared with the narrow scope of databases employed by Bosona and
Gebresenbet (2013) and Ringsberg (2014), the current study uses two internationally recognized databases to
collect literature. Fourth, this study also selects extended keywords to acquire relevant literature as much as
possible, whereas past review papers, such as Ringsberg (2014), only chose few keywords during the literature

International Food and Agribusiness Management Review

174



https://www .wageningenacademic.com/doi/pdf/10.22434/IFAMR2020.0065 - Friday, April 01, 2022 11:17:23 AM - University of Minnesota - Twin Cities |P Address:134.84.17.190

Xiongyong Zhou and Zhiduan Xu Volume 25, Issue 2, 2021

collection process. Finally, none of those review papers with regard to traceability has divided the literature
from a holistic and systematic perspective. This study therefore applied a systematic review approach and
attempts to present a framework for future direction, of which research opportunities are derived from the
management of traceability technology and evolution of TS operational patterns in a variety of theoretical
and practical applications, making up for the research framework considered by Karlsen et al. (2013).

Consequently, this study aims to summarize existing research on FSCT and propose a framework for future
research directions. By conducting a content analysis of 278 articles mainly identified in the databases
including Web of Science (WoS) and Scopus during 1990 to September 2019, this study examines the
research trends and concept development, and synthesizes nine research themes of FSCT, as well as provides
recommendations for future study on the basis of research status of each specific theme.

After introducing the background and research questions of this study, Section 2 elaborates the research
method and provided descriptive analysis results from multiple perspectives. Thematic analysis is presented
in Section 3, while research trends, the relation between the themes, and future directions framework are
thoroughly discussed in the next section. Further on, Section 5 concludes this review and points out the
limitations.

2. Research method and descriptive analysis
2.1 Research method

The systematic literature review method, which was used in this study can be understood as a type of
content analysis that evaluates structural (descriptive) and content (thematic) criteria through quantitative
and qualitative perspectives. Before systematic analysis, literature collection is an initial and extremely
important process (Mayring, 2003).

Focusing on the issue of FSCM, to minimize the omission of related literature, referring to Yang et al.
(2018) and Garcia-Torres et al. (2019), the review searched all possible combinations among (‘food*’ OR
‘meat’ OR ‘animal’ OR ‘seafood’ OR ‘vegetable’ OR ‘fruit’ OR ‘milk’ OR ‘tea’ OR ‘wine’ OR ‘beverage’)
AND (‘supply chain*’ OR ‘alliance*’ OR ‘logistic’ OR ‘procure*’ OR ‘purchas*’ OR ‘supply network*’
OR ‘product*’ OR ‘value chain*’ OR ‘inventory’ OR ‘warehous*’ OR ‘demand chain*’ OR ‘supply*’ OR
‘manufactur®*’) AND (‘track*’ OR ‘trace*’ OR ‘country of origin’ OR ‘identification’ OR ‘transparency’)
in two most comprehensive databases, that is, WoS and Scopus. Then, we determined the subject areas,
language types and document types according to the advanced options provided by two databases, as shown
in Figure 1. 35,203 and 8,730 related papers were identified in WoS and Scopus, respectively. Deleting 5,543
duplicates, this study left 38,390 papers for subsequent selection. Titles, abstracts, and keywords of those
materials were then quickly scanned following the preset inclusion and exclusion standards.

We found that several studies come from unrelated disciplines, such as biology and chemistry. Although
some searching keywords were exited in their abstracts, those papers are not relevant to our research topic.
In addition, considerable papers were from the field of food science focusing on how to technically establish
TSs and propose solutions, which did not meet our standard. To ensure the effectiveness and reliability of the
literature collection, we arranged two researchers to screen the documents individually. In this round, we first
classified 38,390 articles and rapidly sorted them according to a scale of ‘very irrelevant, irrelevant, uncertain,
relatively relevant, and very relevant’. ‘Very irrelevant’, for example, refers to the title that generally contains
biological terms, such as ‘DNA’ and ‘X-ray’. We focused on the literature that was classified as ‘uncertain,
relatively relevant, and very relevant’. And after double-checking, we kept 318 potentially relevant articles
in the full-text review. Further on, literature including some other highly cited papers that have not existed in
the above two databases was also supplemented from Wiley (Hoboken, NJ, USA), Science Direct (Elsevier,
Amsterdam, the Netherlands), Springer (New York, NY, USA), Emerald (Bingley, UK), and Tylor & Francis
(Milton Park, UK) databases after the full-text analysis. The remaining 278 papers were included in this review.
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Figure 1. Filter process.

Information of each category was recorded in an Excel (Microsoft, Redmond, WA, USA) spreadsheet to
ensure validity and reliability. The coding was performed by two independent researchers to reduce the risk
that the content of the literature can be understood by the judgment of only one researcher.

Before coding all documents, we performed a pilot review, comparing the pre-coding results of the first
50 papers to assess the quality of the search database and verify the coding strategy based on the research
questions, which is critical to insure the rigor of research. The inclusion of any disputed literature was
verified through group discussion. If still unable to make a decision, senior researchers will be invited to
conduct further review.

International Food and Agribusiness Management Review

176



https://www .wageningenacademic.com/doi/pdf/10.22434/IFAMR2020.0065 - Friday, April 01, 2022 11:17:23 AM - University of Minnesota - Twin Cities |P Address:134.84.17.190

Xiongyong Zhou and Zhiduan Xu Volume 25, Issue 2, 2021

2.2 Descriptive analysis

A clear and extensive overview of collected literature was presented in accordance with published year,
journal, method, underlying theory, product category, and region.

To more clearly summarize the characteristics of the literature published over the years, the process can be
roughly divided into four stages according to the concentration of the documents, as presented in Figure 2.
Cheng and Simmons (1994) introduced traceability into food research for the first time, and afterwards, Moe
(1998) officially defined the traceability and proposed traceable operational logic. Until 2000, scholars came
up with traceability ideas but have not formed a complete theoretical system. In the second period (2001-
2008), food traceability has gradually attracted attention from the public and associations alike, which was
closely associated with its official writing into EU regulations in 2000. Scholars began to discuss the adoption
and preferences of food traceability from different perspectives, not just conceptually analyzing definitions
and functions. For example, in 2002, the first paper focusing on consumers’ traceable preference emerged,
while the study on firms’ TS preference was published two years later. From 2009 to 2016, traceability
received considerable attention compared with the past because food TSs had been applied in most developed
countries and written into government documents in part of developing countries. Also, scholars started to
consider the optimization problems from different settings under traceability, like how to reduce the scale of
product recall and enhance the traceability level, and how to design economic incentives to encourage firms
to implement TSs. Since 2017, the literature on pre-TS adoption (e.g. consumers’ traceability preferences)
has decreased, but research on traceability motivations and performance has emerged. As firms are the
practitioners of traceability ideas, their active participation in TSs is strongly associated with traceability
performances. However, small enterprises, especially those existing in emerging countries, are not as keen to
track, mainly because of the inability to balance costs and benefits. In this case, many authors have therefore
begun to build optimal models of traceability from mathematics to analyze the feasibility and break-even
point of adopting TSs or empirically establish structural models to examine the effect of traceability on
business operation. However, a consensus has not been reached on the benefits of traceability from these
models, and such issues need further discussion.

138 publications that involved food (supply chain) traceability were identified. As shown in Table 1, the
journal with the most publications is ‘Food Control’, followed by the ‘British Food Journal’ and ‘Food
Policy’. Those top three belong to food journals, which implied that the most concern in the past was mainly
on the food science field. More recently, journals in the management field also pay attention to this topic.
Some of them have published some articles focusing on the issue of the impact of traceability on operations
management or how to make production decisions based on traceability. At present, the challenge of food
traceability is not only on how to develop and build high-performance TSs but also on operational research,
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Figure 2. Distribution of literature published over the years.
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Table 1. Distribution of reviewed papers by journals.’

Journal Papers
Food Control 23
British Food Journal 23
Food Policy 10
Agribusiness 9
International Journal of Production Economics 8
Revue Scientifique et Technique 7
International Food & Agribusiness Management Review 7
Sustainability 6
Supply Chain Management: an International Journal 5
Quality-Access to Success 5

' n=278 and this table only presents the journal that published more than three papers collected.

such as how to effectively manage the coordination of SCT. Therefore, to solve such issues, more scholars
from the SCM field were required to get involved.

For the methods used in the collected literature, surveys (covering field research and public secondary data)
and also conceptual analysis were the two most popular approaches, comprising two-thirds of the total
papers (Figure 3). A total of 33 papers have used mathematical modeling methods, and among which, the
game theory model was the most common one, in addition to the linear programming and batch dispersion
model. Moreover, the fourth most common approach was case studies (9.35%), followed by literature review.

Table 2 shows the distribution of underlying theories used in those reviewed papers. Notably, most of the
literature did not explicitly indicate which theory supporting their research. We classified those that did
into four disciplines, namely, Psychology, Economics, Management, and Information System. The most
commonly used theories were random utility theory, transactional cost economics, resource-based view,
technology acceptance model, the theory of planned behavior, and consumer perspective.

Atotal of 135 articles clearly pointed out the specific food category in their research object, whereas the rest
only used the relatively broad concept/term of ‘food’ (Figure 4). Among them, the most studied were meat
and meat products, followed by seafood, vegetables, dairy products, and fruits. Considering the probability
and severity of food risks, meat traceability has become a priority for governments in developed countries
(Viaene and Verbeke, 1998). Similarly, aquatic products may suffer from biological problems, such as
hormones, antibiotics, and other harmful substances, whereas vegetables and fruits are vulnerable to a

Total number of papers (n=278)
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Figure 3. Research methodologies applied.
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Table 2. Distribution of underlying theories.!

Theory Papers
Not specified 200
Psychology Random utility theory 15
The theory of planned behavior 7
The theory of reasoned action 5
Economics Transaction cost economics 9
Agency theory 5
Institutional theory 2
Information asymmetry theory 2
Management Resource-based view 8
Consumer perspective 7
SCM theory 3
Organizational theory 2
Stakeholder theory 2
Information system Technology acceptance model 8
theory Network theory 2
Information processing theory 2

1'Some papers combined more than one theory, and this table only presents the theory applied more than once.

72

Undefined,

60 - 17

— Poultry, 4
——Lamb, 3

31

Animal Seafood Milk Fruit Vegetable

Figure 4. Classification by product category.

pesticide problem. Moreover, dairy products are natural to be manipulated by milk fraud, specifically in
infant milk powder, in which quality control has become a serious concern.

A total of 214 papers (76.98%) identified 45 different areas, and of which, the most studied research area
was China followed by the US (Figure 5). China serves as the most popular region owing to the fact that
the country is populous with different economic levels in each area. Moreover, consumers from different
areas may have varying attitudes and willingness for traceability, bringing excellent research opportunities.
Furthermore, food risk is still the main problem that concerns Chinese consumers in purchasing products.
How to promote traceability ideas and technologies in China, especially for farmers in those upstream states,
deserves an extensive discussion.

According to the classification of global countries in the World Economic Situation and Prospects in 2019
(UN, 2019), 28 of those regions mentioned belong to developed economies, whereas the remaining regions
are categorized as developing. Evidently, reviewed literature focusing on developed economies was far more
than that focusing on developing ones (Figure 6). However, authors began to shift their focus on traceable
practice to developing economies in the early 2010s, specifically after 2017, when the focus on developing
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economies has outstripped the developed ones. For developing countries, food risk incidents have erupted
more frequently, but traceability has started later. Some issues related to traceability, such as consumers/
producers’ perceptions and traceable product decisions, have even not received enough attention. Transferring
research results from developed economies directly is impossible because of the differences in economic
development and institutional background. This notion also shows that developing economies may become
a novel and indispensable focus in future FSCT research.
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3. Thematic analysis

After identifying the categories of document codes, this study conducts thematic analysis to present the status
quo and explore the research gaps from terminology development and critical themes in FSCT.

3.1 Terminology development

The concept of ‘traceability’ was first proposed in the ISO 8402 1994 standard as a goal of quality management
and quality assurance for the industry (Zhou et al., 2021). Within this official specification, traceability
was defined as: ‘...ability to trace the history, application or location of an entity by means of recorded
identifications’. With the outbreak of mad cow disease in Europe in the late 1990s, quality control in the
food industry has attracted unprecedented attention. The Codex Alimentarius Commission (CAC) proposed a
concept of food traceability in 1997, which clarified the range of tracing and tracking processes. In 2002, the
EU proposed a more formal and comprehensive definition of traceability in the EC 178/2002, which made
a clear explanation of the traceability object. Based on the expositions provided by the above organizations,
ISO revised the definition of traceability in 2000 and 2005 successively, further broadened and enriched the
scope of traceability objects, so that traceability across the supply chain is not only limited to the specific
processing link but also extends to all relevant actions and processes.

From the perspective of academic research, the definition of ‘traceability’ generally has two types of viewpoints.
Danish scholar T. Moe represented the first one, who attached great importance to ‘accountability’, and
described traceability as an instrument to clarify product safety ‘responsibility’ in each link of the supply
chain (Moe, 1998). Then, American scholar Elise Golan represented the other type, who emphasized the
function of traceability in risk identification and regarded it as product information record system to identify
potential hazards and critical control points. Three standards including ‘precision’, ‘breadth’, and ‘depth’
have been set to measure the performance of such a system. Among them, precision refers to the smallest
unit of identifiable product, breadth refers to the range of data that can be obtained, and depth refers to the
distance at which data can be tracked forward or backward. Through the overview of definitions of traceability
terminology proposed in the past academic articles, Olsen and Borit (2013) proposed an integrated definition
that emphasized using ‘access’ to describe the activities of ‘trace’ and ‘track’ and further expanded the
traceability process to ‘entire life cycle.” Such definition has been recognized and extended by many authors
in their follow-up study (Aung and Chang, 2014; Dabbene et al., 2014; Dandage et al., 2017; Karlsen et al.,
2013). For example, rooted in the specific theoretical perspective, food traceability has been redefined from
food logistics management (Bosona and Gebresenbet, 2013), supply chain risk management approaches
(Ringsberg, 2014), safety and quality (Aung and Chang, 2014), and so on.

To sum up, the definition of ‘traceability’ can be categorized as the official and academic type. Official
definitions made by institutions mainly were enlightened by the views from the theoretical discussion,
whereas the meanings of academic definitions are more specific and broader than those of officials. However,
given the functions of the TSs, the ultimate purpose of such definitions is, no doubt, identical, which aims to
recognize the entire supply chain monitoring from farm to fork. In addition, those definitions change over
time in their action, scope, manner, and content. For example, actions of traceability described have become
more accurate with the evolution from ‘trace’, ‘track’ to ‘trace and track’ to ‘access’ in 2013, which may be
due to the update of tracing technologies that makes traceable information more available and exchangeable.

FSCT has no unequivocal definition even though the implication of the ‘supply chain’ was explained by
authors particularly in the above concepts of traceability (Verbeke et al., 2002). Does the definition of
FSCT equate with that of food traceability? Previous literature often conceptually defined traceability from
several aspects: unit, who, where, when, and how (Olsen and Borit, 2013). However, such definitions only
described the behavior and process of traceability, rather than getting into the essence, goal, or value of
traceability. Thus, a more structural, clear, and profound definition of FSCT to reveal the private information
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and economic mechanism may be needed for further exploration of traceability. In this study, we attempt
to deliver a definition of FSCT:

As a risk control and governance solution, FSCT refers to a management practice used to track and
trace movement trajectories or footprints of various foods, raw materials as well as ingredients in
entire supply chain stages from procurement, processing, and sales, which comes down to systems
that can form a reliable and continuous flow of safety information to monitor, to achieve quality
assurance beforehand and recallable afterwards.

3.2 Key themes in reviewed papers

Based on a systematic analysis of ‘research objectives, main contents, and findings’ of 278 articles, we
divided the research themes of FSCT into nine clusters as shown in Figure 7, namely, consumer preference
(T1), conceptual understanding (T2), firm preference (T3), practice experience (T4), optimization (T5), the
effect on operations (T6), cost-benefit analysis (T7), performance evaluation (T8), and impact on traceability
(T9). From the horizontal point of view, more than 31.93% of the collected papers focused on T1, which
discussed consumer’s preference for different traceable products, labels, and information. Followed by T2, 54
articles explained the concept, scope, principle, the value of traceability, and also certification, standards, or
rules to establish a theoretical basis of SCT. Then, 46 papers in T3 discussed the firm’s preference including
drivers and barriers to TS adoption. Moreover, 27 papers (T4) shared their practice experiences of TS
implementation, and 26 articles explored T5, analyzing the various decision problems that may arise in the
specific operation, such as recall, information sharing, and the optimal batch size. A total of 13 papers within
T6 considered how traceability level utilization or traceability technology adoption affects an organization
or supply chain’s operations management. Authors were also concerned about the economic outcome after
TS implementation by analyzing the cost and benefit in T7. Nine papers also pointed out the necessity
of performance evaluation of TS, and a few of them suggested the assessment framework and approach.
Furthermore, eight papers tried to examine the antecedents of traceability determination.

To more clearly track changes in their research subjects over time, we classified nine themes into pre- (ex-
ante), post-studies (ex-post), or both were involved (cross) based on the TS adoption. Notably, those pre-
studies, such as T1, T3, and T9, account for 50.88%, which shows the evidence that pre-research has already
been well established, specifically those involving consumer traceability behaviors. T4 and T5 have been
explored since 2005 and 2010, respectively, discussing the experience and decision-making issues that may
require improvement in TS implementation. However, post-studies, such as performance evaluation (T8) and
traceability effect (T6), were rarely considered, which may become a concentration for future FSCT research.

To show the research boundaries and present different perspectives of each cluster more clearly and specifically,
we outline the research status of each specific theme.

T1 - Consumer preferences for traceable product

T2 - Conceptual understanding of traceability (system)
T3 - Firm preferences for TS adoption

T4 - Practice experience of TS

T5 - Optimization from different settings under...

T6 - Effect of traceability on operations management
T7 - Cost-Benefit analysis of TS

T8 - Performance evaluation of TS

T9 - Impact on traceability

0 10 20 30 40 50 60 70 80 90 100
Figure 7. Key themes in reviewed papers.
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3.3 Traceability systems: pre- and post-adoption
m Perspective of consumers’ preference for traceable products

For some products that are consumed daily, such as meat and seafood, merely rely on its current certification
system is far from enough (Alfnes et al., 2018). Attention to the origin and channel information inspires a new
focus on ‘traceable label’. The first paper explored consumers’ preference for traceable products published
in 2002, and since then, increasing scholars have analyzed such problems from different perspectives, such
as regions, product categories, and methodologies applied. Generally, research on consumers’ preferences
mainly discusses the perception, attitude, and willingness to pay (WTP) for label information, technology,
or food product, respectively.

From the perception and attitude theories, like random utility theory, authors drew attention to the factors
that may affect consumers’ opinions, and whether such relationships are positive or negative. Except for
individual characteristics, price (Van Rijswijk and Frewer, 2008), risk perception (Angulo and Gil, 2007), and
trust in traceability information (Choe et al., 2009) were the three factors that scholars are mostly concerned
about. Authors further discussed consumers’ WTP for traceable products, but such willingness has not yet
reached a unanimous conclusion. Angulo and Gil (2007) argued that food traceability could address safety
and recall problems. Moreover, they tested the initiative and enthusiasm of consumers to purchase traceable
products through empirical evidence.

Consumers who held positive views expressed different preferences for traceable labels from providers,
information attributes, and information authenticity. For information providers, consumers lack trust in
the information disclosed by enterprises but showed high levels of credence in the information issued by
the regulatory agency (Wu et al., 2016) as well as independent third-party certification (Bai ef al., 2013).
For information attributes, consumers demonstrated differentiated preferences for the compulsory or
voluntary label and other specific label cues (Lu ef al., 2016). A certain amount of premium would be paid
once the traceability level is improved (Wu et al., 2016). Moreover, past literature presented the levels of
interoperability of TSs that could satisfy consumers and the kind of identification and query tools that could
be applied for enterprises. For example, blockchain traceability technology is deeply trusted by consumers
(Sander et al., 2018).

For the theories and methods adopted, in this theme, theories such as random utility theory, the theory of
planned behavior, and the consumer perspective were applied to explain consumers’ preference for traceable
products. Experimental auction, revealed preference, and stated preference (including contingent valuing
method, choice experiments) are three main approaches in the topic, while the latter is the most widely used
to analyze consumer preference and WTP for traceable foods (Wu et al., 2016).

m  Conceptual understanding of (food) traceability (system)

Theoretical understanding of traceability or TS in the supply chain mainly includes introductions to traceability
concepts, functions, values, and dimensions, as well as the interpretation of traceability-related standards,
laws, and regulations. As a means of food safety monitoring, traceability has been regarded as a unique
dynamic capability (Canavari et al., 2010) and organizational competence (Epelbaum and Martinez, 2014)
for a business. Traceability has played an indispensable role in operations management and become an
instrument to strengthen weak links in production and distribution (Dandage et al., 2017).

As a technical realization of traceability, TS is a tool for conducting tracking and tracing procedures
throughout the entire supply chain (Zhou ef al., 2021). Its slightly varies depending on the research field,
such as operational management, food science, and computer science. Hobbs (2004) stated that the essential
functions of TSs are quality assurance beforehand and rapid recall afterwards. Although the details of the
universal TS have not yet been determined, some countries have set legislation on comprehensive labeling

International Food and Agribusiness Management Review

183



https://www .wageningenacademic.com/doi/pdf/10.22434/IFAMR2020.0065 - Friday, April 01, 2022 11:17:23 AM - University of Minnesota - Twin Cities |P Address:134.84.17.190

Xiongyong Zhou and Zhiduan Xu Volume 25, Issue 2, 2021

and, in some cases, requiring full traceability within the FSC. In practice, TSs have two main types, namely,
government mandatory and enterprise voluntary (Lavoie and Forest, 2009). Besides, it can also be divided
into distinct types according to different standards, such as service subject (Mol and Oosterveer, 2015),
behavior characteristics (Canavari et al., 2010), and the technology used (Vo et al., 2016).

m Firms’preference for traceability systems

Considering that enterprises are the actual operators of the TS, corporate behavior has become one of the
research priorities in FSCT. Early work focused on such a topic published in 2004, discussing producers’
perception of traceability issues in organic agriculture, and since then, firms’ preference for TSs involves
the following issues. The first is the preference for participation in TSs, while the second is the preference
for adopting TSs. These two issues have gained considerable results in past work, and conclusions on the
drivers and barriers that can impact TS adoption have been widely discussed (Manos and Manikas, 2010;
Mattevi and Jones, 2016). The third is the preference for different traceability levels, but few works focused
on this issue (Stranieri et al., 2017a). By analyzing firm’s preference for traceability capabilities, consumers
can further understand how companies can engage in traceability initiatives more effectively.

The transaction cost economics is used to analyze the possible behaviors and costs in the distribution and
management of traceability activities (Stranieri et al., 2017b). The technology acceptance model revealed the
cognition, intentions, and behavior of enterprises using traceability techniques that have been broadly used
in this theme (Heyder ef al., 2012). In addition to using the same research methods as the previous topic,
scholars also use multiple case study to identify and extract the factors impacting the preference of firm’s TS
adoption (Manos and Manikas, 2010). In practice, the adoption of TSs will lead to the rise of enterprise costs
and not produce many economic benefits in the short term in the face of the conflict between the drivers and
barriers. Despite this, whether it is voluntary or downstream pressure (Starbird and Amanor-Boadu, 2006),
focal companies still have to adopt TSs due to possible government regulation and public requirements.
Hence, an appropriate time for TS introduction should be considered in advance.

m Practice experience of traceability systems

Unlike technically designing TSs, this cluster provided some theoretical guidance for TS implementation
and management, and summarized the operation experience of TSs in different industrial chains and regions
practically.

On the one hand, prior work has made theoretical contributions regarding the application of TSs, including
guidance (Zhang and Bhatt, 2014), design method (Dai ef al., 2015a), structure (Verbeke et al., 2002). On the
other hand, authors described various practical operation and management experiences of TS from different
regions, product categories, and others. From the application areas, Dandage et al. (2017) introduced the
typical experiences and models of TSs in the US, UK, India, China, Japan, and other countries. For a specific
product, poultry meat (Viaene and Verbeke, 1998) and pork (Verbeke et al., 2002) have been the focus to
describe their practical experience associated with identification, labeling, and traceable process. In terms
of specific traceable actions, to reduce the harm caused to consumers by products with safety risks, Lavoie
and Forest (2009) proposed several control points that should be emphasized during the recall process. In the
practice of traceability management, resource-based value is often used to explain that product traceability is
a unique knowledge resource of an enterprise. The information processing theory explains how traceability
information streams are identified, collected, and processed (Wowak et al., 2016). To better extract and
summarize the typical practical experience of TS, case analysis including exploratory case study and
descriptive case study is widely used by scholars. Related work includes (Lavoie and Forest, 2009; Verbeke
et al., 2002; Viaene and Verbeke, 1998).
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m Optimization from different settings under traceability

Considerable studies from various angles examined the issue of corporate decision-making in a traceable
context, which mainly involved three parts, that is, the feasibility issue to invest in TSs; the production issues
on traceable procurement, product recall, information sharing, channel coordination, and liability incentive;
and the optimization issues on traceability improvement.

Whether to invest in TSs has caused distress to enterprises, especially those small and medium ones. Authors
earlier focused on the feasibility of firms to adopt TSs (Saak, 2016; Starbird and Amanor-Boadu, 2006).
However, although most authors hold positive opinions, they still have no consensus on whether the benefits
of implementing TS exceed costs. Saak (2016) stated that enterprises should adopt TSs as they can serve
a regulatory role in the conflict of cost and reputation. Wang et al. (2010) confirmed the feasibility of TSs
and proposed a scheme to minimize the potential loss in the FSC.

Furthermore, the production and operations decision issues, such as quality and food safety (Pouliot and
Sumner, 2008; Wang and Li, 2012), recall (Dai et al., 2015b), the incentive (Resende-Filho and Hurley,
2012), and liability cost (Pouliot and Sumner, 2008), have been discussed after firms adopted TSs. They
almost considered the choices of traceability effort (or level) to achieve production and operation objectives
together. To address such decision-making problems, mathematical modeling such as equilibrium models
and game theory models have been widely used.

Some authors discussed optimal traceability issues and put maximum traceability as one of the objective
functions. Specifically, the optimal batch size in manufacturing and distribution and batch dispersion model
was mainly used for studying how to improve the traceability level together with the objectives like the
minimum impact of a food recall (Wang ef al., 2010), and the minimum total cost (Wang et al., 2009).

m Factors that impact traceability

The factors that may affect the traceability of enterprises and the number of levels of traceability that will
prompt enterprises to choose have been a matter of great concern in recent years. For characterization of the
traceability level, the different ways in which the literature described traceability were considered, such as
the level of traceability complexity (high, medium, low) (Banterle and Stranieri, 2008a), and dimensions of
traceability (depth, breadth, and precision) (Souza-Monteiro and Caswell, 2010). This theme can be extended
from the impact on traceability level and technology. For the impact on traceability level, scholars discussed
various possible factors that affect the focal company’s selection of traceability level or capability, such as
buyer-supplier relationships (Rébade and Alfaro, 2006), changes in transaction characteristics, costs and
governance (Banterle and Stranieri, 2008a). For the impact on traceability technology, Manos and Manikas
(2010) identified that traceability could be improved through technology updates. Basole and Nowak (2018)
used the transaction cost and institutional theory to examine those effect of the supply network on tracking
technology selection and assimilation.

Various theories such as transaction cost theory (Banterle and Stranieri, 2008a), institutional theory (Basole
and Nowak, 2018), diffusion of innovation theory (Basole and Nowak, 2018), and agency theory (Souza-
Monteiro and Caswell, 2010) have been employed to underpin and support authors’ research founding.
Empirical approaches including case study (Rabade and Alfaro, 2006) and PLS-SEM (Basole and Nowak,
2018) have been applied in this theme to explore the potential factors affecting traceability.

m Cost-benefit analysis of traceability systems
In practice, the adoption of TSs may lead to an increase in costs and not produce economic spillovers in

the short term (Banterle and Stranieri, 2008a). Consequently, a pre-analysis of cost-benefit analysis and an
appropriate time for TS introduction are necessary (Starbird and Amanor-Boadu, 2006). The cost-benefit
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evaluation can be divided into the assessment after the TS is set up and operated (i.e. happened) and before
the potential TS is implemented (i.e. perceived). On the one hand, as for the occurred cases, the additional
benefits, and comprehensive income of traceability information (Saltini and Akkerman, 2012), extra costs
of TSs for agro-product enterprises (Chen ef al., 2019) have been discussed. The cost-benefit model was
built to evaluate the occurred economic usefulness of TSs (Fritz and Schiefer, 2009).

On the other hand, according to perceive observation, Gunawan et al. (2019) analyzed perceived and marginal
costs of TS implementation respectively. Aiello et al. (2015) focused on and explained the perceived internal
and external benefits. Furthermore, a comprehensive perceived cost-benefit evaluation framework has been
proposed to compare the economics of traceability and value to the FSC (Chryssochoidis ef al., 2009). The
analysis of perceived costs and benefits of the implementation of the TS allows companies to more rationally
consider whether they have abilities to introduce a TS, or the timing of the adoption of such a system.

Scholars usually applied survey and case study methods to determine the objective of cost-benefit analysis,
and then, they used more detailed methods for comparisons, such as cross-case comparison (Gunawan et al.,
2019), single case study (Chryssochoidis ef al., 2009), and break-even pricing (Chen et al., 2019), and so on.
However, literature in this theme hardly mentions the theoretical basis supporting their research conclusions.

m Performance evaluation of traceability systems

Performance evaluation is conducted to verify whether the TS can trace and track products effectively, which
can help practitioners further adjust the management strategy for traceability. Four dimensions including
‘breadth’, ‘depth’, ‘precision’, and ‘speed’ have been widely used to distinguish TSs performance (Gunawan
et al., 2019; Stranieri et al., 2017a). Moreover, ‘granularity’, which was measured by batch size and scale
was employed to characterize the precision of the product traceability (Karlsen ef al., 2012). And also,
traceability records and traceability time have been used to evaluate the system’s capability to obtain and
process traceable information (Dzwolak, 2016). Regarding method adopted, approaches such as simulated
recall methods (Donnelly et al., 2012; Foras et al., 2015) and factorial and cluster analyses (Banterle and
Stranieri, 2008b) have been employed to assess system performance.

m Impact on operations management

This topic appeared at the end of the second stage (2001-2008) of FSCT research, and the authors began to
discuss the impact of implementing TS on enterprises’ operational efficiency and internal network relationship.
The adoption of traceability technology not only solves the problem of food quality control but also brings
many spillovers to focal companies and the whole supply chain. Past documents showed that TSs lead to
changes in transaction modes (Vo et al., 2016) and economic incentives (Stranieri et al., 2016). Moreover,
the application of tracing technology strengthens resource integration of supply chain companies (Engelseth,
2009). Mol and Oosterveer (2015) stated that traceability can optimize the original ecological structure
of the supply chain and encourage members to pay more attention to corporate social responsibility and
sustainable development goals (Garcia-Torres et al., 2019), not just economic benefits. In addition, Epelbaum
and Martinez (2014) and Engelseth et al. (2014) believed that traceability could contribute to technological
innovation and diffusion for operations management.

Collected literature on this topic shows that the theory of transaction cost economics (Banterle and Stranieri,
2008a; Galliano and Orozco, 2013; Vo et al., 2016) and resource-based view (Engelseth, 2009; Epelbaum and
Martinez, 2014) is the theoretical perspectives most adopted by scholars. Meanwhile, the survey is the most
popular method in this field, that work includes (Banterle and Stranieri, 2008a,b; Epelbaum and Martinez,
2014; Galliano and Orozco, 2013; Stranieri et al., 2016; Vo et al., 2016).
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4. Discussion
4.1 Trends in food supply chain traceability research

Based on the descriptive and thematic analysis of FSCT research over the past three decades, we can draw
several conclusions. First, the focus of themes has moved to research on the post-adoption of TSs. Additional
attention has been paid to how focal companies structure and leverage their traceability resources, including
coordinate and manage traceability activities across the supply chain (Charlier and Valceschini, 2008).
Second, concerning the research area, the focus has shifted to developing economies because most developed
economies have well-established theoretical and practical experience in food traceability. For developing
economies, food safety incidents are more frequent, but traceability-related research has started later. Directly
duplicating research conclusions from developed economies might not be applicable (or even paradoxical)
owing to the differences in the economic and institutional background. Rather, placing the traceability in the
developing economy context may bring additional research opportunities. Third, as to the unit of analysis,
the focus has moved from the organizational to the supply chain level. In addition, work regarding FSCT has
started to appear in SCM and logistics journals and not just in food science journals (Garcia-Torres et al.,
2019; Saak, 2016; Wang et al., 2009). One big challenge for focal companies is to address and coordinate
traceability issues with their multi-tier supply chain partners, which requires researchers from the field of
supply chain and operation management to get involved.

Few theories were used to explain the essential characteristics and impact mechanism of FSCT. Most previous
literature rarely mentioned the theory employed to underpin their research. Moreover, many fundamental
or unresolved questions have still not received enough attention (Karlsen et al., 2013). Some parts of the
articles repeatedly addressed the problems of higher homogeneity, such as consumers’ WTP for traceable
food product. Although they may apply different perspectives, most articles were still addressing a problem
that seems to have been largely verified. Therefore, at this stage, the issues that should be paid attention to in
the future and the problems that are worth exploring and require further understanding should be considered
to push FSCT to theoretical and practical application. Essentially, the first step is to reorganize and reclassify
peer-reviewed papers over the FSCT field and clarify theoretical characteristics, sum up existing research
themes, and identify research gaps on this basis.

4.2 Relation between the themes

As the research topics on FSCT can be generally divided into pre- and post-study based on the timeline of
TS adoption, we have checked whether the research problem of the target literature occurred before or after
the adoption of TS, or both were involved (cross). Then, the relation among nine clusters were obtained, as
depicted in Figure 8. Among them, T2, T4, T5, and T7 belong to involved (cross), T1, T3, and T9 belong to
pre-adoption, and T6 and T8 belong to post-adoption.

First, T2 is the theoretical basis of FSCT. All clusters (including articles) involve traceability-related concepts
and knowledge as an introduction. In turn, the theoretical contributions of other clusters also enrich the research
boundaries of T2 to a certain extent. T1 and T3 are management behavioral issues focusing on preferences.
In essence, whether TS should be established or not partially comes from consumers’ preference and the
tendency for product traceability, including firms’ perception and willingness to implement traceability.
Therefore, these two types of problems are typical ex-ante studies. Providing assumptions about consumers’
traceability preferences for the decision-making problems of the optimization model (T5) is possible by
exploring consumers’ traceability behavior. Moreover, preconditions for research on related topics, such as
T4 and T7, can be provided by discussing firms’ different traceability preferences. The problem of corporate
preference can also be related to TS, that is, the former is to empirically explore firms’ preferences, and the
latter is to simulate a firm’s TS-implementation decision from a mathematical perspective. T9 and T6 mainly
adopt the methods of survey and regression analysis. The former discussed the antecedents of traceability,
such as influencing factors that impact the use of traceability technology. On the contrary, the latter discussed
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Figure 8. Relation among nine clusters.

the consequences of traceability, that is, the impact of traceability technology or capabilities on the operation
of enterprises and the supply chain. When traceability technology becomes more popular and gradually
accepted, scholars are increasingly concerned about how to effectively manage traceability technology to
promote its positive impact on enterprises. The concerns of T4, TS5, and T7 exist before and after TS adoption.
Compared with technical discussions on how to establish a TS, T4 mainly discusses how to better manage the
system. Moreover, T7 focuses more on how to optimize or improve traceability. Based on the above topics,
T8 is a typical pre-adoption study, which mainly investigates the performance of TSs. Establishing a set of
evaluation systems is generally necessary to assess the sustainable output that the enterprise can produce after
implementing the system for quite some time. The current discussion on this topic is not yet complete, and
how to establish a more comprehensive sustainable performance evaluation system is a key issue.

4.3 Framework for future research direction based on the review of each topic

After elaborating on the status quo of each topic, we review and suggest possible research opportunities
for each cluster in the future direction, refer to (Chen ef al., 2021; Yang et al., 2018; Zeng et al., 2017), as
shown in Figure 9. Overall, compared with minor supplements on well-established pre-adoption research
of TSs, issues related to post-adoption may be the focus of further research.

m Review on the perspective of consumers’ preference for traceable products

As a pre-TS adoption study, research on consumers’ traceability preferences has been well established,
and this topic has many achievements, particularly on WTP for traceable products and information. One
can further explore the preference and choice for traceability technology. Consumers have concerns about
which traceability technology companies may apply. Considering the widespread application of blockchain
technology, which technologies that consumers expect supply chain companies to adopt or which kind
of traceability query tools that consumers prefer are worth investigating (Sander et al., 2018). Moreover,
considering that consumers attach great importance to the credibility of traceability information, which
traceability dominant model (Charlier and Valceschini, 2008) that consumers prefer or trust in the future
should be empirically examined. Furthermore, future research could extend from consumers to multiple
stakeholders and compare which stakeholders are more inclined to choose foods with traceability labels.

m Review on the conceptual understanding of (food) traceability (system)
Although many conceptual articles related to food traceability exist, theoretical research still needs to

be updated and supplemented. First, for the definition of related terminologies, previous descriptions
of ‘traceability’ attached great importance to the exposition of tracing behavior and process. However,
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Figure 9. Framework for future research direction.

substantive characteristics, such as the inherent value of tracing and tracking as well as the external scope
of the supply network structure to which traceability worked are also lacking. Future work could consider
defining ‘traceability’ from more perspectives to enrich the extension of traceability theory, for example, from
the supply chain structure (Verbeke ef al., 2002), resource base view (Engelseth et al., 2014), and diffusion
of innovation (Basole and Nowak, 2018). Second, only a few studies focused on the inherent theoretical
mechanism of food traceability. Future research could start from informatics (e.g. information processing
theory) (Wowak et al., 2016), economics (e.g. transaction cost economics) (Stranieri et al., 2017b), and
management (e.g. stakeholder theory) (Sander et al., 2018) perspectives to provide the mechanism of food
traceability and further explore the theoretical value of SCT research. In addition, although prior works
explained many traceability functions, they seldom discussed the role of traceability in complex supply
networks from a sustainable governance structure perspective. The reason is that the latter explained the
ultimate goal and essential means of FSCT (Garcia-Torres et al., 2019).

m Review on firms’ preference for traceability systems

With the rising interest in corporate behavior studies, future research could be extended in the following three
aspects. First, in the discussion of factors influencing the traceability level, prior literature focused on firms’
internal factors, such as the background of chief executive officers (Mattevi and Jones, 2016). Conversely,
external factors were rarely identified, and their impact on TS adoption was less discussed. Examples include
whether the changes in the institutional environment will influence focal companies to leverage the traceability
capability and whether social pressure will force those companies to provide more traceability information.
Second, the application of TS goes through different stages from initiation to implementation. Hence, which
antecedents may affect the TS adoption process should be explored so that those focal companies can better
understand how to operate such systems (Matta et al., 2009). Third, for critical success factors, future work
could explore whether common typical factors exist in different product chains and regions to guide practitioners
to promote traceability. Furthermore, the theoretical and practical basis for selecting those factors and the
impact of factors on TS implementation require further comparative analysis.
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m Review on the practice experience of traceability systems

TS adoption has several practical achievements, but how to manage and coordinate SCT is rarely discussed,
particularly in a multi-level supply chain. However, without the coordination of focal companies, supply chain
members may not be able to form compatibility and docking in TSs, thereby increasing the risk of errors or
omissions in transaction costs and quality information between actors (Zhang and Bhatt, 2014). Moreover,
extremely lower-tier members of the entire supply chain do not have the ability or willingness to participate
in the unified TS (Garcia-Torres et al., 2019), making achieving tracing and tracking of the source and end
of the product difficult. Therefore, exploring the modes used by the TS leader to orchestrate, coordinate, and
organize traceability activities in the multi-level supply chain will affect the traceability, transparency, and
sustainability of the product. Future work could use multiple case studies to explore how focal companies
coordinate upstream and downstream traceability activities to develop full-chain traceability. Then, for TS
implementation, prior literature has summed up the technical experience but ignored the importance of some
non-technical factors supported to traceability initiatives, such as employee training and traceable institutional
arrangements (Charlebois et al., 2014). Furthermore, less literature focused on different traceability modes
that enabled TS operation. Comparing the application practices of traceability modes from different products,
regions, and even institutional backgrounds can provide suggestions for governments and practitioners to
determine the appropriate traceability mode for the product.

m Review on the optimization from different settings under traceability

Examining the optimization problems after TS adoption in the FSC from a mathematical model can effectively
help practitioners decide how to implement and manage TSs. First, whether to implement TS is still a question
worth exploring, specifically for small companies without the ability or willingness to involve traceability
(Garcia-Torres ef al., 2019). When and what conditions those enterprises will adopt TS should be examined.
Second, the management of TSs requires coordination and incentive among supply chain members, and
those members can improve their internal traceability through the contract design (Golan et al., 2004). Future
work could address how focal companies establish coordination mechanisms and design effective contracts
to ensure consistent traceability goals for supply chain members, particularly in multi-level supply chains.
Third, fewer articles focused on the decision-making of the traceability level, which is still an issue that
most linked to actual operation (Wang et al., 2009). Decision-making issues, such as optimal production of
traceable products, responsible procurement, pricing strategies, the granularity of traceable units, and recall
problems, need further analysis.

m Review on the factors that impact traceability

Early research focused more on the factors that affect TS performance at the organizational level (Banterle
and Stranieri, 2008a; Souza-Monteiro and Caswell, 2010). However, this topic is seldom discussed at the
supply chain level, where factors will explicitly impact the TS implementation in the FSC. External factors,
such as supply chain relationship (Rabade and Alfaro, 2006) and supply network integration (Engelseth,
2009), may exert influence on the determination of the traceability level of the product chain. Future work
could also study the linkage between the implementation level of TSs and the different kinds of supply chain
contracts, such as economic incentives (Souza-Monteiro and Caswell, 2010) for traceability standards. On the
other hand, this review defines the extension and intension of FSCM, which also evokes that the antecedents
of food traceability need to consider the collective impact of technology, supply chain structure, and food
safety. From the perspective of technology management, few studies regarded the antecedents or impact
mechanisms of the adoption or management of traceability technologies (Basole and Nowak, 2018). Future
work could discuss the influencing factors and hierarchical structure of supply chain companies’ adoption of
different traceability technologies diffusion and assimilation, such as what factors might prompt companies
to diffuse the blockchain traceability technology.
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m Review on the cost-benefit analysis of traceability systems

Prior work related to this topic mainly focused on the description or measurement of the cost-benefit of
TS implementation (Chryssochoidis et al., 2009). Most of the published papers only considered the cost
and benefit of an individual link or a specific cost or revenue (Chen et al., 2019). A systematic cost-benefit
framework needs to be designed in the future after wide-ranging investigations to present the overall
revenue-cost structure of TS implementation more comprehensively. In addition, integrating the cost-benefit
framework with decision theory can be a follow-up study (Aiello et al., 2015). On the one hand, future work
could fully consider how to introduce a break-even point model as an extension of supply chain decisions
after assessing the system’s cost-benefit framework. On the other hand, decision-making methods could be
adopted to analyze changes in the traceability behavior and capabilities of enterprises by considering the
revenue objective and cost constrain conditions of the entire supply chain.

m Review on the performance evaluation of traceability systems

The existing measures and methods are not fully applicable to the evaluation and acceptance of various TSs.
On the one hand, a common indicator system particularly used for different product chains is scarce, which
may increase the difficulty of performance evaluation by government regulators and are not conducive to
the comparison of TSs in distinct industries (Foras et al., 2015). Future research could develop systematic,
standard, and operable evaluation index systems that are more applicable to general product TSs on the
basis of theoretical and practical investigations. On the other hand, regarding the evaluation methods, prior
work often only uses a particular approach for evaluating whose robustness and effectiveness need a further
verification (Donnelly et al., 2012). Moreover, the application of various systematic evaluation methods can
be further compared to examine which method is more effective in presenting the performance differences
of TSs. In addition, participants in TSs are not only internal stakeholders but also external stakeholders such
as regulators, public media, consumers (Sander et al., 2018). Therefore, further consideration must be given
to incorporating feedback from more stakeholders in the TS performance evaluation.

m Review on the impact on operations management

Although many scholars have mentioned the impact of traceability on supply chain operation management, they
have not conducted in-depth exploration on the relationship between the two. The reason that hinders authors
from an in-depth analysis of those effects is, first, the theoretical characterization of traceability technology.
At present, some scholars used the concept of the ‘traceability level” and chose four dimensions including
‘breadth’, ‘depth’, ‘precision’, and ‘speed’ to describe such a capability. Specific traceability technologies,
such as identification and communication, were also used to describe ‘traceability’ (Epelbaum and Martinez,
2014). Future research needs to further develop the scale of ‘traceability’ through an extensive sample survey
or case study as such construct has not yet reached a consensus. The second reason is the lack of awareness
of the technological impact. Many scholars still hold the understanding of traceability as a tool to monitor
food processing (Regattieri et al., 2007) but fail to observe the attributes of ‘publicity’ and ‘whole-process’
that the traceability technology has. Responding to food safety assurance, the impact of traceability on FSC
companies is more profound in terms of society and sustainable development (Garcia-Torres ef al., 2019).
For a technology that requires the participation and cooperation among entire supply chain members, whether
the implementation of TSs will affect the integration and whether such an implementation will produce
sustainable value creation are worth further verification (Banterle and Stranieri, 2008a).

In addition to future research directions of the above nine clusters, we also suggest that SCT research should
not be limited to the food industry, and traceability associated with transparency and visualization could
be popularized to all sectors that consumers are concerned about, such as the apparel and pharmaceutical
industry. Moreover, a causal relationship is observed between traceability and sustainability, as traceability
management is the prerequisite to achieve sustainable development (Epelbaum and Martinez, 2014; Garcia-
Torres et al., 2019; Mol and Oosterveer, 2015). Future work can explore the impact mechanism of FSCT
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from the SSC perspective, to make up for the deficiency of SCT theory. Finally, attention should also be
paid to the fact that current traceability applications and technological evolution may generate new research
opportunities. For example, blockchain-enabled traceability technology may bring substantial changes in
traditional supply chain quality management.

5. Conclusions

A systematic literature review of FSCM related was carried out in this study. We have reviewed 278 articles
published from 1994 to September 2019, and clearly stated the four stages of FSCM issues evolution, and
identified three major published journals (published over ten papers). Survey and conceptual analysis are
the two most widely used methods, and meat and meat product were found to be the main food category in
traceability application. Nine key themes were extracted and integrated into thematic analysis after an in-
depth discussion about the terminology development of traceability, which can be classified into pre- and
post-studies of TS adoption. We finally concluded with three significant trends that the focus of themes
has moved to research on the post-adoption of TSs, the area has shifted to developing economies, and the
analysis unit has transferred to supply chain level. On this basis, a framework for future research direction
is presented after the systematic review of each key theme.

This study also delivers some significant contributions. In general, for theoretical contributions, this study
may be the first systematic review of the FSCT research over the past 30 years to classify prior work into
pre- and post-studies of TS adoption, to better understand and identify research trends. Through the in-depth
discussion of nine research topics, readers can understand the research history and overview of FSCT more
clearly and systematically. In addition, a structural and holistic definition of FSCT is proposed in this study,
which not only described the behavior and process of traceability but also expressed its essence and value,
thereby making up for the vagueness of the FSCT concept. Moreover, the framework for future research
direction from each cluster covers available gaps and opportunities, which enriches the implication of food
traceability and further extends FSCT research from food science and engineering fields. From a management
perspective, this literature review may help managers recognize the significance of FSCT and particularly
motivate companies to engage or deepen their understanding of traceability, thereby assisting supply chain
managers from the food sector to optimize resource allocation and integrate traceability into their corporate
strategies.

This study also has limitations. On the one hand, WoS and Scopus were chosen as the primary search
databases, but they did not fully cover all highly cited peer-reviewed journals. Although we have tried to
relax the search terms to minimize the lack of literature due to the incomplete selection of keywords, avoiding
this situation ultimately seems to be complicated. On the other hand, we attempt to reduce subjectivity and
personal prejudice in the selection and classification of documents by double-checking. However, the research
results are still influenced to some extent by the experienced judgment and educational background of the
reviewers. Despite these limitations, the results of our analysis provide significant implications for academic
research and management practices.
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