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A B S T R A C T   

This study has analyzed food supply chains from the circular economy viewpoint with a focus on knowledge 
hiding. In this paper, we examine the practice of hiding knowledge among stakeholders, in which dimension, 
what this knowledge is and whether there are differences among specific groups of stakeholders. This is applied 
to distributors, producers, consumers, retailers, suppliers and farmers working within the meat industry in 
Turkey. It shows how information hiding affects the traceability of food supply chains and circularity in the meat 
industry. Three different theories have been examined in this paper. Stakeholder theory helps to analyze 
traceability of food supply chains among stakeholders; the theory of industrial symbiosis aims to achieve an 
efficient circular food supply chain through 9R (refuse, rethink, reduce, reuse, repair, refurbish, remanufacture, 
repurpose, recycle, recover) strategies by adopting traceability; the information theory is a key enabler to co
ordinate traceability from farm to fork to support a circular food supply chain. By using the theoretical lens, this 
paper sets out proposals for policymakers and managers in food supply chains to ensure traceability and 
transparency to achieve circular economy. Although some prior studies address knowledge hiding, information 
hiding hasn’t been examined with traceability and transparency dimensions in Circular Food Supply Chain 
(CFSC) in B2B business. This study attempts to fill this gap in the literature, improve theoretical understanding 
with our proposed framework and validating the impact of information hiding and reveal where knowledge is 
mostly hidden in terms of circular economy, stakeholders and 9Rs in the meat industry. A proposed framework 
for managers and policymakers based on a circular economy can bring social, economic and environmental 
benefits for the red meat industry in Turkey. Additionally, it offers a framework and recommendations for other 
countries and industries for possible adoption.   

1. Introduction 

The distance between the food producer and consumer has increased 
because of globalization in the food trade. Moreover, safety and quality 
concerns, origin fraud and food chain integrity throughout the entire 
supply chain have become more challenging (Aung and Chang, 2014). 
Awareness of civil society about the role of business in sustainability has 
increased (Bateman et al., 2017). Consumers now believe that trace
ability in a food supply chain is vital to verify food quality and safety. As 
consumers are more conscious about their health and risks related with 
consumption of food, food organizations need to give more attention to 
sustainability issues to increase the trust and loyalty of their customers 

(Mishra et al., 2018). Beside consumers, non govermental organisations 
(NGOs), investors, policy makers and even the companies’ own em
ployees are also forcing markets into more efficient management of 
environmental resources through the whole food suply chain (Iakovou 
et al., 2016; Bateman et al., 2017). For this reason, a traceability system 
is needed to get information from the beginning of the food supply 
chain, from the origin of the food to the last destination (Peres et al., 
2007) that has a direct affect on food supply chain decisions. Trace
ability enables companies to minimize waste, helping to retain ecolog
ical and economic sustainability (Fassam and Dani, 2017; Pappa et al., 
2018). 

The Food and Agriculture Organization (FAO) estimates that nearly 
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1.3 million tons of food in the world is lost or wasted annually; 
approximately half of vegetable and fruit production is wasted before it 
reaches consumers (FAO, 2011). Nearly 30% of food is wasted in the 
post-harvest stage of the food chain in developing countries. This situ
ation causes serious economic, environmental and social problems 
(FAO, 2013a; 2013b; Halloran et al., 2014) and therefore, is the most 
challenging issue for global food security (Krishnan et al., 2020). For this 
reason, food loss and waste management are some of the most important 
issues to be tackled throughout the world (Garcia-Garcia et al., 2017). 
Adapting to a circular economy where we can exchange by-products and 
use waste is needed; this can reduce food waste and food loss (Batista 
et al., 2018). Contrary to linear economy, which is relied on “take-make- 
waste”, the focal point in the circular economy is to protect resources 
(Van Buren et al., 2016). The key parameters of circular economy are 
reducing emmissions and consumption (Junnila et al., 2018). 

To exchange, sell or transfer any waste and by-products, synergistic 
collaborations of stakeholders are crucial (Cimren et al., 2011). Ac
cording to Ferguson and Ketzenberg (2006), if the product lifetime is 
short, the benefits of information sharing will be highest; a focus on 
product perishability can strengthen the relationship between a 
perishable product supply chain and information sharing. However, 
some of the supply chain members prefer to keep their knowledge to 
themselves during supply chain interaction. They ignore how knowl
edge hiding can harm performance of the supply chain. 

In current literature there are many studies discussing the antecedent 
and results of knowledge hiding (Samuel et al., 2011; Andreeva and 
Kianto, 2012; Connelly et al., 2012; Shih et al., 2012; Connelly et al., 
2019; Fang, 2017; Fong and Slotta, 2018; Butt and Ahmad, 2019) 
However, focusing on knowledge hiding within supply chain manage
ment is very limited (Labafi, 2017; Pérez-Salazar et al., 2019); most of 
these are about buyer–supplier relationships (Yeşil and Hırlak, 2013; 
Butt and Ahmad, 2019; Singh, 2019). Therefore, application of trace
ability throughout the supply chain and understanding the reason for 
information hiding from farm to end user among all stakeholders within 
a FSC (food supply chain) have become vital issues to achieve an effi
cient circular food supply chain. To fill the gap in existing literature, the 
following research questions are raised: 

RQ1: What is the impact of information hiding on the circular food 
supply chain within the scope of B2B? 

RQ2: What is the impact of information hiding in the meat industry 
within the scope of tracebility dimensions? 

RQ3: What is the impact of information hiding in the meat industry 
within the scope of 9R strategy? 

To answer these questions, this study seeks to establish a conceptual 
framework that focuses on the impact of information hiding between 
stakeholders in the circular food chain. Especially, since traceability is so 
essential for perishable products throughout the food supply chain. For 
this reason, we aim to analyze the red meat sector, a promising area in 
an emerging country where waste and losses are high. Turkey is the 
focus of study. There has not been enough study into the area of circular 
FSCs. We need to identify how to retrieve food waste produced in the 
meat industry and how to transform this wastage to other by-products to 
enable them to be used in other chains as valuable inputs (Sgarbossa and 
Russo, 2017). 

The aim of this paper is to shed light on the effect of information 
hiding among stakeholders in the context of traceability of a circular 
food system in the meat sector. As far as we know, it will be one of the 
initial studies to focus on determining the effect of information hiding on 
circularity of a food supply chain, especially through food traceability 
systems. The emphasis of this contribution is on evaluating the process 
from the social, economic and environmental perspectives while making 
sufficient use of company resources by recovering waste in the FSC. 

This study builds on the stakeholder theory which proposes that 
companies provide externalities that impact both internal and external 
stakeholders of companies (Sarkis et al., 2011). The theory of industrial 
symbiosis is based on collaboration between supply chain members and 

information theory which suggests collecting information between 
suppliers and buyers is essential to minimize environmental information 
asymmetry (Hu et al., 2016). 

In summary, the novelty of this paper is two-fold. First, this paper 
focus on information hiding that is not well studied in the literature and 
has come into prominence with transparency in food supply chain. 
Second, preliminary framework is suggested and focus group study was 
conducted to evaluate the big picture of food supply chain, measure the 
contribution of each stakeholder to achieve circular FSC and validate the 
impact of information hiding in circular FSC. 

The remainder of this paper begins with a literature review. In the 
literature section, a theoretical background is initially presented. The 
relationships among circular food supply chain, information hiding and 
traceability are investigated. Then, knowledge hiding in circular FSCs 
and 9R strategies in circular FSCs are discussed. In the third part, the 
effect of information hiding on the traceability of circular FSCs is 
examined and accordingly a proposed framework is suggested to fill the 
identified gap in present literature about the topic. Then, a focused 
group study is conducted to find out the effect of information hiding 
among all SC stakeholders during traceability in a circular FSC in the 
meat sector. In the last part, analysis and results are presented; a dis
cussion, implications and conclusion complete the paper. 

2. Literature review 

2.1. Theoretical background 

Extant research examining circular economy and green supply chain 
management (GSCM) is based on a spectrum of theoretical reasoning, 
such as resource-based view, institutional theory, resource dependency 
theory, social network theory, diffusion of innovation theory etc. (Liu 
et al., 2018). 

Liu et al. (2018) conducted a literature review to identify theories 
from GSCM and the circular economy (CE). According to their study, 
stakeholder theory and the theory of industrial symbiosis are both used 
in CE and GSCM studies and advance both topics. Information theory 
also has a significant potential for CE studies (Liu et al., 2018). There
fore, this study proposes a framework based on all three theories. 

Stakeholder theory has been considered as one of the most robust 
theories in considering sustainability issues such as circular economy 
principles. (Sarkis et al., 2011). A stakeholder is any individual or group 
that can influence or be influenced by reaching the organization’s ob
jectives (Freeman, 1984). Stakeholder theory proposes that companies 
provide externalities that impact on internal and external stakeholders 
of companies. Stakeholders force companies to decrease negative effect 
and increase positive effect of these externalities (Sarkis et al., 2011). 
Companies can appreciate and understand added value of circular 
economy initiatives with the help of these pressures. Jakhar et al. (2019) 
state that pressure from many stakeholders creates a positive impact on 
innovative capabilities in a circular environment. Suppliers, distribu
tors, customers, employees and local communities are also important for 
eco-innovation (Freeman, 1999). Stakeholder theory is also used as a 
main contributor on research related to sustainability performance 
(Rezaee, 2016). This study involves interaction with different stake
holders who take part in the FSC all SC members, non-SC stakeholders 
such as NGOs (non-governmental organizations), private institutions, 
government etc. in order to provide a circular FSC. Stakeholder theory is 
suitable for this study for analyzing traceability in a FSC comprising of 
different stakeholders. 

Apart from stakeholder theory, with regard to circular economy, the 
theory of industrial symbiosis (TIS) is widely used. TIS is defined as the 
merging of different industries in a collective approach to gain 
competitive advantage while exchanging materials, water, energy and 
by-products (Chertow, 2000). Hence, this theory is based on collabo
ration among supply chain partners (Hu et al., 2016). Collaboration is 
also the key driver of circular supply chains (De Angelis et al., 2017) and 
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it should be applied to relationships between partners within a circular 
economy framework. The main objective of industrial symbiosis is to 
produce more while spending less on energy and resources; this is a vital 
issue for companies sharing by-products or waste with each other. It is 
an effective way of obtaining zero levels of waste (Mantese and Amaral, 
2018). In industrial symbiosis, every supply chain member should be in 
a collaboration to determine the quality of waste and to develop suitable 
incentives to deal with it (Yenipazarli, 2019). Based on this theory, 
collaboration is the key driver of this study; the aim is to achieve circular 
economy by using 9R strategies with a traceability approach in a meat 
supply chain. 

Information sharing is essential for coordination of a supply chain. 
Moreover, collaboration between the supply chain members is needed to 
integrate a circular economy perspective into the SCM (supply chain 
management). Throughout the chain, defining aims and an equal dis
tribution of information to all partners are also important (Pan et al., 
2015; Xiao et al., 2016). Managers need to communicate with stake
holders to share the organization’s environmental performance with 
those stakeholders outside of the company. However, it is not easy to do 
this because of lack of current knowledge about materials, products and 
processes that flow through the supply chain. Different supply chain 
members, frequently suppliers, may keep back information about their 
environmental performance and its probable effect on the customer. 
This is called information asymmetry (Sarkis et al., 2011). 

Information theory involves information asymmetry as a main 
principle. Collecting information between suppliers and buyers is 
essential to reduce environmental information asymmetry. Information 
asymmetries between CE actors and their stakeholders - consumers, 
government and NGOs - increase complexities, uncertainty and risk in 
this CE system. Material flows and availability, by-products and their 
costs also have the same information asymmetries (Liu et al., 2018). 
Greater interaction is needed to reduce information asymmetry (Simp
son, 2010). Another reason for information asymmery is distance be
tween the supply chain partners. Supply chains have now become more 
globally oriented. In a FSC, the distance between suppliers and con
sumers has also been extending due to globalization. Hence, sharing 
information and meeting international environmental regulatory re
quirements is a challenging issue for organisations. Information theory 
is essential for this study to achieve coordination for traceability in the 
FSC and also to enable a circular FSC. 

2.2. Circular food supply chain, information hiding, traceability 

In a FSC, the main difference from other supply chains is in the 
processing and handling of foodstuffs. The flow of the process starts with 
raw materials, continues with the product and lastly reaches the con
sumer. When dealing with food, the main concerns for customers are 
timeliness and quality of raw materials and products (Apaiah et al., 
2005). In the FSC, keeping food in good quality conditions is signifi
cantly important. The quality of food depends on how well food is kept 
safe and how it is handled at every touch point (Connelly et al., 2019). 

Another important factor in FSCs is reducing food waste. In studies 
on FSCs, many researchers focus on avoiding food waste and increasing 
farmer’s income through food safety measures and sustainable food 
chains (Zhu et al., 2018). Minimizing food waste is important to make a 
FSC sustainable. Designing and managing the supply chain is related to 
food waste generation (Butt et al., 2020). Sustainable FSC processes can 
be improved by effective information flow activities related to infor
mation sharing, traceability and transparency. In the food supply chains 
transparency refers to giving information for consumers where the food 
is produced and distributed, tracebility refers to information availability 
of the products at each stage of supply chain (Schmutz et al., 2018). 

Efficient food traceability systems are important to track food qual
ity, food safety and food risks; these tools are vital for effective food 
supply chain management (Manzini and Accorsi, 2013). Food trace
ability is a part of the logistics chain which covers activities such as 

storage, transfer and information flow; FSC practice also covers product 
check, safety and security control as well as up-down tracking of the 
supply chain (Connelly et al., 2019). Traceability in supply chain pro
cesses and systems plays an important role in food waste management. 
Additionally, long or complicated supply chains may cause food waste 
(Balaji and Arshinder, 2016). FSC traceability is especially important for 
easy deterioration foods like meat, milk, dairy products etc. because it’s 
difficult to provide consistent quality products (Pant et al., 2015). 

Coordination of a supply chain covers traceability and sustainability; 
these provide a combination of transparency. Many researchers have 
emphasized that supply chain transparency is not only related to “truth” 
but is also related to providing correct information to the correct 
members (Egels-Zandén et al., 2015). This benefit can help stakeholders 
to increase supply chain sustainability (Dingwerth and Eichinger, 2010; 
Fung, 2013). Sharing all information with stakeholders without any loss, 
delay or distortion improves transparency in supply chains (Beulens 
et al., 2005). Supply chain transparency reduces information asymme
tries (Bartley, 2007; Doorey, 2011) and increases coordination between 
companies and suppliers (Egels-Zandén et al., 2015). This process can be 
managed effectively if information is shared and presented among all 
users/members (Mol, 2015). Transparency in FSCs is vital for food 
quality, safety standards, supply chain governance mechanism, infor
mation flow between supply chain members, flow exchange, informa
tion integration and achieving overall transparency within the 
organization (Pant et al., 2015). It is generally assumed that a FSC in
cludes five main elements covering consumers, food companies, food 
standards (like quality and safety), information systems and govern
ments. In this structure, government plays an important role to set rules, 
arrange agreements between supply chain members and increase supply 
chain transparency (Trienekens et al., 2012). Additionally, the govern
ment manages product standards, quality and safety specifications as 
well as transparency network standards. A transparent information flow 
enhances product integration, process integration and resources; these 
in turn enrich the desired characteristics of the product, improve pro
duction process and ensure that resource specifications are met (Sharma 
et al., 2019). 

Managing information directly related to information sharing is 
important; if companies hide information related to top-down processes 
in the supply chain, this may increase supply chain vulnerability. 
Similarly, Butt and Ahmad (2019)’s developed model showed that 
hiding knowledge between company members or between companies 
can lead to supply chain isolation and supply chain vulnerability (Butt 
et al., 2020). Additionally, similar work by different researchers has 
suggested that knowledge hiding in buyer–seller relations or within the 
supply chain directly affected friendly relationships, supply chain out
comes and systematic information flow (Singh, 2019; Yeşil and Hırlak, 
2013). 

2.3. Knowledge hiding and knowledge hiding in circular FSCs 

Knowledge is information which is used during the process of making 
decisions and solving problems (Kankanhalli et al., 2005). Since 
knowledge creation is not a stable process, social interaction between 
partners and organizations should be provided (Becerra-Fernandez and 
Sabherwal, 2001). Therefore, knowledge sharing is needed to enhance 
the capabilities of companies while addressing unexpected problems 
throughout the whole SC; it improves responsiveness and organizational 
innovation. (Blome et al., 2014). All SC members become as strong as 
the weakest member because of shared knowledge (Pandey et al., 2020). 
Samuel et al. (2011) indicate that knowledge management is also a vital 
element of supply chain management, especially crucial for a multi- 
layered distribution channel. According to the results of many studies, 
cooperation throughout the supply chain provides an increase in envi
ronmental and economic performance of supply chains. In circular lo
gistics, supply chain knowledge sharing is an important factor to 
establish collaborative relationships and to enable sustainability (Dora, 
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2019). 
The circular economy and sustainability measures provide economic, 

social and environmental benefits to customers and stakeholders (León- 
Bravo et al., 2017; Seuring and Müller, 2008). A circular economy and 
sustainability play vital roles in the food industry when dealing with 
higher food demand and higher costs with higher energy consumption 
(The State of Food and Agriculture, 2013). The sustainable FSC is based 
on “doing more and better with less” (UN, 2017). 

In a circular economy, waste and resources must be minimized; re
sources are kept in the economy by extending the product life cycle by 
either re-use or some other strategies to provide further value (Dora, 
2019). However, in many industries, particularly the food sector, many 

by-products cannot be processed properly within a company plant; this 
situation thus provides an opportunity for collaboration with other 
companies and establishment of an eco-industrial network (Farooque 
et al., 2019; Talay et al., 2018). Additionally, circular economy-based 
sustainability is related to food waste minimization (Närvänen et al., 
2020) and improved 9R strategy (refuse, rethink, reduce, reuse, repair, 
refurbish, remanufacture, repurpose, recycle, recover) performance 
(Govindan and Hasanagic, 2018); better use is made of resources with 
maximum value at different stages (Bag et al., 2018; Patwa et al., 2020). 
There is an increasing focus by businesses on exploring better resource 
and process efficiency at different stages of production and consumption 
to promote the principles of a circular economy. 

Circular economy-based sustainability also facilitates safe and high- 
quality foods (Beske et al., 2014). Safety, high-quality food production 
and minimizing waste are directly related to business collaboration and 
circular economy integration. Innovation investments, business collab
orations, data collection and data sharing are a requirement for CE 
(Preston, 2012). Supply chain integration and supply chain collabora
tion with extended responsibilities to members are vital for successful 
CE implementation (Leising et al., 2018). Supply chain collaboration can 
be classified as internal or external collaboration (Kache and Seuring, 
2014). Internal and external supply chain collaboration can be extended 
as horizontal and vertical integration (Simatupang and Sridharan, 
2002). Integration of a company’s different functions are defined as 
internal collaboration; collaboration between companies or companies 
and their partners is known as external collaboration (Vickery et al., 
2003). Horizontal collaboration occurs between companies and their 
competitors while vertical collaboration occurs between companies and 
their suppliers or their customers (Coderoni and Perito, 2020). Sharing 
information and knowledge with internal and external partners is sig
nificant for supply chains 

Zhao et al. (2011) highlight that internal and external integration 
can be achieved with information systems, data sharing and process 
integration; these provide significant internal and external integration. 
System integration and collaboration are very important for trans
parency. Transparency is a very effective tool for internal and external 
collaboration. Similarly, Boström et al., (2015) show the importance of 
transparency for collaborative working and solving problems effectively 
with information visibility. Information visibility is important for 
improving supply chain sustainability, managing production or process 
related risks and providing sustainable collaboration (Gardner et al., 
2019). Traceability provides tracking of all processes starting from 
origin to life story of the product (Cheng and Simmons, 1994). Addi
tionally, traceability is directly related to the provision of information 
(Opara and Mazaud, 2001). 

In the FSC traceability is related to origin of the product, genetic 
situation of the product, origin of the inputs, physical location of the 
product, process visibility, ingredients of the product (disease and pest 
tests) and accessibility of reference standards related to the product 
(Moe, 1998). Efficient use of resources, production methods in a clear 
manner according to standards, plus transparency and traceability at 
every production stage are very important for both CE food traceability 
and circular food traceability. On the other hand, if processes are not 
transparent and visible, there may be problems with many issues such as 
food safety, production safety, resource utilization, compliance with 
standards, product originality, food security or food traceability; there 
may be too much information hiding at every stage of the food supply 
chain. 

However, some companies are not willing to share real information; 
they hide information related to the origin or history of the product, 
price, quality, safety issues and associated guarantees. The reason for 
that is to mislead consumers about the environmental benefits of a 
product, service or environmental practices of a company; the aim is to 
increase the eco-friendly image of the company rather than dwell on any 
negative impact on the environment. 

According to Connelly et al. (2012), “knowledge hiding is an 

Table 1 
The 9R framework of circular economy.  

Refuse (R0) It means rejecting the product or using it with the same 
function but in a different product (Morseletto, 2020). This 
extends usage of an existing product; this is important for the 
circular supply chain. Final products and returns are some 
examples of refuse. 

Rethink (R1) Rethink refers to using products more intensively or sharing 
products with others (Potting et al. (2017) including leasing, 
renting or sharing. Rethink may always have characterized 
CE, because to make something more circular requires 
rethinking it, to some extent. 

Reduce (R2) Reduce refers to reducing usage of natural resources, inputs, 
energy, raw materials and waste (Morseletto, 2020) This is 
important for circular food supply chains to reduce energy, 
water, raw material consumption and pollution. 

Reuse (R3) Reuse can be defined as after the first cycle of a product which 
is in good condition and in the same physical conditions, the 
second, third or further use of the original product takes place 
(Jawahir and Bradley, 2016). Using an original product with 
similar functions many times e.g. pellets, packages etc. 

Repair (R4) Repair is defined as fix, restore and maintenance of broken or 
faulty products; it can be used again with its original function 
or operations (Potting et al. 2017; Charter and Gray, 2008). 
Repairs correct product defects (damages or decay) in a 
product, restoring it to increase durability or serviceability or 
usable conditions (Morseletto, 2020; Den Hollander et al., 
2017). In other words, repair is related to corrective 
maintenance (Den Hollander et al., 2017) e.g. machines or 
equipment. 

Refurbish (R5) Refurbishing means updating, modernizing or restoring an 
old item/product. It is related to part replacement or light 
manufacturing (Ferguson and Souza, 2010). Certain parts of 
the product are changed and offered to the market again with 
specified quality, safety or working standards e.g. equipment, 
pallets. 

Remanufacture 
(R6) 

In remanufacturing, some parts of the old product are used in 
a new product. It’s also defined as second-life production. In 
remanufacturing, parts of the old products are used in a new 
product with the same function (Morseletto, 2020; Van Buren 
et al., 2016). In this process used products are reused without 
losing their functionality (Jawahir and Bradley, 2016) e.g. 
automobiles, feed for animal etc. 

Repurpose (R7) In this process, certain parts of the product or the whole 
product are used for a different purpose or with a different 
function in a different product. In the repurpose phase, 
products are used in different functions (Morseletto, 2020). In 
this process products have different functionality and a 
different identity e.g. box-vase, pallet-furniture etc. 

Recycle (R8) This process involves a chemical transformation when 
products are transformed into raw material. Products 
converted into raw materials can be used for many products 
as an input. This process plays an important role for CE by 
minimizing waste and landfill. Recycling adds value for 
products with longer life time duration e.g. plastics, glasses, 
boxes 

Recover (R9) Recovery refers to certain products that cannot be recycled 
and remain as waste i.e. evaluated as a source of energy or 
biomedical components. Recovery involves collecting 
products at the end of their life time, disassembling, sorting 
and cleaning them to become part of the new system ( 
Ghisellini and Ulgiati, 2020).  
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intentional attempt by an individual to hide or withhold knowledge that 
is demanded by another person”. It is also vital to understand the dif
ferences between knowledge sharing and knowledge hiding. It is not 
possible to evaluate knowledge hiding as just an absence of sharing, it is 
an intentional attempt. According to Connelly et al., (2012), it may be 
assumed that knowledge hiding and sharing are opposites of each other; 
however, there can be two conceptually distinct constructs. For instance, 
Ford and Staples (2008) state that knowledge hiding and sharing can 
happen at the same time when partners are willing to share unimportant 
information with each other but also keep other crucial information 
confidential. 

In a FSC, a company may try to get information from the SC members 
about available by-products and food waste that can be used as input 
resources for fertilizers, organic compost, energy, production of pack
aging etc. Information hiding at this stage prevents transfer and ex
change of information about the usability of food waste, sources and 
available by-products held by internal and external stakeholders (Batista 
et al., 2019). 

2.4. 9R strategies in circular food supply chain 

The increase in the global population is rising demand for food, 
water, and energy and thus accessing natural resources is creating stress 
(Bag et al., 2021). The circular economy and environment should be 
integrated for resource efficiency. Waste production, fresh water pro
duction, energy and carbon footprints should be integrated with the 
circular economy and business models (Sharma et al., 2019). Addi
tionally, the circular economy and sustainability should be implemented 
with the circular FSC. In a linear FSC, waste is sent to landfill but in the 
circular FSC the main purpose is to re-evaluate all waste for recycling, 
refurbishing, reusing etc. for zero-waste purposes (Farooque et al., 
2019). In the circular FSC, food waste and by-products from the pro
duction phase may occur; food waste reuse or avoiding surplus in the 
consumption phase are based on a consumer’s competence and skill. 
Nowadays food related wastes are utilized as by-products in resource 
recovery like bio-energy, electric energy or cleaning water by using 
innovative technological devices (Papargyropoulou et al., 2014, 

Bourlakis et al., 2014). By using innovative and appropriate techniques, 
different types of animal related processing wastes can be recovered to 
produce different types of bio-energy products like bio-gas, bio fuel etc. 
(Sharma et al., 2019). Similarly, agricultural wastes can also be con
verted to different types of products such as wood, bio-chemical feed
stock or energy (EMF and McKinsey Company, 2012). 

Collaborations with customers and suppliers during the food supply 
chain process may extend product life and usage by adding maximum 
value as 9R. Table 1 explains the importance of 9R strategies for the 
circular food chain and circular economy. The recoveries that can be 
made in all processes are shown in detail. 

Food supply chains may involve a large amount of food loss in both 
quality and quantity (Aktas et al., 2018; Sharma, et al., 2018), a large 
amount of solid waste (Hoornweg et al., 2013), high water and energy 
consumption (Morone et al., 2019). Specifically, food loss is very high in 
the meat industry. Approximately 60–70% of a slaughtered carcass 
forms meat waste by-product; 40% of these are edible and 20% inedible 
(Bhaskar et al., 2007). Another important issue is water consumption in 
meat processing. 24% of fresh water usage in the entire food and 
beverage industry is due to the meat industry (Bustillo-Lecompte et al., 
2016); meat processing activities need between 2.5 and 40 m3 water for 
a single meat production. 

In the circular FSC, using all resources optimally, remanufacturing, 
refurbishing, reusing and recycling products within biological or tech
nical cycles are very important for recovering nutrients from food pro
cessing stages and for the creation of value from waste (Mirabella et al., 
2014; Krishnan, et al., 2020). Also, increasing the nutritional power of 
food from waste is important for a product’s shelf-life extension (Cav
aliere and Ventura, 2018). These types of products are defined as value 
added products or waste to value products (Aschemann-Witzel and 
Peschel, 2019); they are very important in a circular FSC, transforming 
waste to value added products (Bhatt et al., 2018). In all these processes 
and sustainable use of products is dependent on upstream and down
stream information sharing (Krumme and Melkonyan, 2019). The inte
gration of processes in a circular FSC can reduce losses and waste. Dora 
(2019) emphasizes that sharing information and knowledge while 
collaborating with supply chain members may increase value of 

Table 2 
9R Strategies for Circular Food Supply Chain.  

Supplier Farmers Processor /Manufacturer Distributor / 
Wholesaler 

Retail Consumer 

Reuse (pallets, packaging) Reuse (pallets, packaging, 
water) 

Reuse (packaging, pallets) Refuse (final product, 
returns, transport 
methods) 

Refuse (final product) Refuse (final product) 

Recycle (energy, bio-gas 
etc.) 

Recycle (energy, bio-gas, 
plastic) 

Recycle (used oils, energy, 
food packaging materials, 
plastics) 

Reduce (energy, 
pollution, damage and 
spoilage) 

Reduce (damage and 
spoilage, inaccurate 
forecasting, pollution, 
energy, water) 

Rethink (unused products, 
plastic and glass bottles) 

Remanufacture (feed for 
animals) 

Recover (water, cowpat) Recover (raw materials, 
water) 

Repair (equipment and 
machines) 

Repair (equipment, 
machines) 

Reduce (pollution, cost) 

Refurbishing (equipment, 
pallets) 

Rethink (leasing, renting, 
sharing) 

Remanufacture 
(packaging, feed, plastics) 

Refurbish (equipment 
and machines) 

Refurbish (equipment, 
machines, return product 
package) 

Reuse (final product, by- 
product, cardboard, glass, 
plastics, container) 

Reduce (energy, water 
consumption, raw 
material, pollution) 

Reduce (energy, water 
consumption, raw 
material, pollution) 

Rethink (leasing, renting, 
sharing) 

Recycle (plastics, 
cardboard, food 
packaging materials) 

Recycle (plastics, food 
packaging materials, 
cardboard) 

Repurpose (boxes, pallets, 
final product, by- 
products) 

Repurpose (by-products, 
water) 

Remanufacture (surplus 
feed, biobased products) 

Reduce (energy, water 
consumption, raw material, 
pollution)   

Refurbish (final product)  

Repurpose (by-products, 
water 

Repair (equipment, 
machines, components, 
production line)   

Recycle (unused products, 
plastics, glass, paper)   

Refurbish (equipment, 
machines)      
Repurpose (ingredients, by- 
products, water)      
Refuse (raw material, final 
product)     
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recycling and reusing waste. Table 2 shows the 9R processes in detail 
with some examples. 

3. Proposed framework 

As can be seen in Fig. 1, our proposed framework aims to focus on the 
impact of information hiding and traceability among stakeholders in the 
circular food supply chain. As mentioned before, a traceability system is 
needed to get information from the beginning of the food supply chain, 
from the origin of the food to the last destination for more efficient 
management of environmental resources through the whole food suply 
chain (Iakovou et al., 2016; Bateman et al., 2017). For this reason, it 
should be noticed that this figure is surrounded with traceability di
mensions. Furthermore, stakeholder theory refers that companies pro
vide externalities that impact on internal and external stakeholders of 
the companies. Stakeholders force companies to diminish the negative 
effect and increase the positive effect of these externalities. In this 
model, food waste, food lost or food surplus occurs in each stage of food 
supply chain. As the the theory of industrial symbiosis explains the role 
of collaboration among supply chain partners by exchanging recourses 
such as materials, water, energy and by-products, it can give insight to 
each stakeholder to use 9R strategies to achieve circular economy. By 
this way, companies can understand the value of circular economy ini
tiatives. Finally, in the light of information theory, collecting informa
tion between CE actors and their stakeholders should be essential to 
reduce environmental information asymmetry in circular food supply 
chain. 

In this section, the tracebility dimensions are explained in detail and 
proposed framework has been presented accordingly. 

Sustainability: Sustainability and environmental impact potential 
of the product directly affect a company’s competitive advantage. In
formation visibility about product sustainability plays an important role 
in making competitive advantage and profit in the market. Product 
sustainability is related to tracking ability, history and location of the 
food product, ISO certification and ethics (Olsen and Borit, 2013). In
formation hiding about the sustainability of the product, how environ
mentally friendly it is or presenting misinformation negatively affects 
the image and profitability of the company in the long run. The loss 
caused by Volkswagen’s incorrect emission values is an example of this. 

Welfare: Nowadays, customers request more information about 

welfare of the animals, animal nutrition, slaughter method in Islamic 
countries etc. In some cases, consumers demand direct control of animal 
welfare, its health, feed supply and food safety (Madec et al., 2001). For 
this reason, information about the welfare of animal life or the sus
tainability of the product should not be hidden from customers; it should 
be shared transparently. 

Productivity Optimization: Traceability of real time data and in
formation at all times gives flexibility, allowing continual review and 
optimization of the production methods. Improved traceability and 
allowing customers to access updated data improves effective and effi
cient production systems and warranty food security for consumers 
(Huang and Yang, 2009). Information hiding, as it blocks access to ac
curate and on time information, directly affects the efficient manage
ment of products, production processes and producers. Efficient 
management systems enable traceability of the product, current infor
mation and allow consumers access to comprehensive information about 
products; this is so important for a business (Thomsson and Sylvia, 
2005). Optimizing process and traceability of the food system minimizes 
batch size, batch mixing and ensures sufficient quantity availability 
(Thakur et al., 2010). 

Bioterrorist Threats: Disease and pest traceability, covering the 
epidemiology of pests and biotic hazards (Thomsson and Sylvia, 2005), 
are potential threats; each link in the chain for designing and imple
menting a feed and food traceability has to be monitored (ISO 22005, 
2007). In a FSC, traceability of the product and standardization of the 
process and procedures on food security for consumers (Huang and 
Yang, 2009) are required. The use of standard language for information 
sharing not only increases traceability and transparency but is also 
important for inventory, shipping, receiving and transportation opera
tions in the supply chain (Ruiz-Garcia et al, 2010). Hiding food infor
mation from consumers or companies can occur; this may involve the 
shipping process, product specification, slaughterhouse, meat weight, 
bone weight, carcasses, breaks about cold chains, temperature de
viations, human contamination, shipping documents of the meat or 
bioterrorism during the transfer process. These increase food risks and 
reduce trust in food safety policy (Ruiz-Garcia et al, 2010; Thakur et al., 
2010). 

Competitive Advantage: Hiding information through the chain 
from employees or suppliers directly affects the company’s competitive 
advantage (Hernaus et al., 2019). Knowledge hiding often occurs 

Fig. 1. Proposed Framework for Circular Food Supply Chain with Traceability Dimensions.  
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between managers and senior managers; this hiding directly affects a 
manager’s innovative skills and the employee’s commitment to the 
company, vital for supply chain competitiveness (Butt, 2019). This 
practice also affects a company’s long-term coordination and collabo
ration among supply chain members, reducing the company’s compet
itiveness in the long term (Lotfi et al., 2013). 

Regulation/Legislation: The increasing importance of food safety, 
security and quality encourages all members in the supply chain to 
adopt traceability and transparency from farm to fork (Connelly et al., 
2019). Regulations and legislation play an important role in food 
traceability and transparency. Trust in the food produced and the 
company itself are important for reducing a consumer’s risk. When the 
risk increases, consumer trust is also affected (Wognum et al., 2011). 
With globalization, food safety and biodiversity have gained impor
tance, especially legal regulations and governmental practices and 
standards brought to food have increased the importance of food 
tracebility and information visibility (Vermeulen, 2015). 

Information visibility and food traceability positively effect demand 
and competitive advantage. Effective food control systems and food 
regulations have a major influence on food traceability and securing 
consumers; the alternative is customer insecurity and fraudulent foods 
(Kassahun et al., 2014). A main concern in the world is developing 
legislations and new standards for food quality, food traceability and 
food transparency (Althoff and Petersen, 2004). Hiding information in 
this process negatively affects both the company’s reputation and the 
customer’s trust. This may cause the company to make financial losses 
and can seriously damage its competitive advantage. In addition, com
panies that do not comply with rules and regulations are subject to 
penalties. 

Globalization: Globalization has meant the linking of producers and 
consumers with other major players- industrial personnel, farming 
communities, NGOs and stakeholders; this adds to the challenges in this 
global environment. Since the nineteenth century, the food market has 
been affected by globalization. Relationship between farmers and con
sumers turned into a complex integration of actors which comprises 
many stakeholders (Paciarotti and Torregiani, 2020). 

Furthermore, with globalization of the food market, free trade pol
icies have improved inspections of food origin, safety and quality, health 
and nutritional properties as well as ethical issues in efforts to achieve 
sustainable food production. In these conditions, maintenance of 
transparency between parties is vital (Bhat and Jõudu, 2019). All part
ners in the FSC should not be reluctant to share information. Otherwise, 
information hiding will cause uncertainty, information asymmetry in 
the FSC and more difficulty in monitoring overall food safety (Validi 
et al., 2014). 

Food Safety and Quality: Globalization of the food supply chain has 
also drawn attention to food-related safety and quality issues, leading to 
a demand for more information about horizontal and vertical food 
supply chains. In particular, perishable products such as fish, milk and 
meat may pass through lots of stages before coming to the customer. 
Perishable products are also affected by environmental conditions such 
as light, humidity, temperature etc. Food quality and safety is also 
affected by handling conditions at every stage throughout the food 
supply chain. According to many industrial professionals, safety is the 
most vital part of ensuring quality due to its impact on human health. To 
ensure food safety, complete product and process related information 
from all stages of the food supply chain is necessary without loss, delay 
or distortion. Many companies have started to take precautions to 
standardize every process of the FSC from farm to fork in order to meet 
the legal requirements demanded by the public and governments. Tak
ing precautions involves responsive measures to gain quality certifica
tion such as HACCP (hazard analysis and critical point control), GAP 
(good agriculture standard), ISO22000 (food safety management stan
dard, QS (food safety production licence) and ISO9000 (quality system 
certification) (Trienekens and Zuurbier, 2008). Information hiding be
tween partners will lower the product quality and hinder ‘detect and 

respond’ procedures in the system. Moreover, it will be more difficult to 
understand the reasons for food safety deficiencies, to manage product 
recalls, to meet safety standards and regulations (Kher et al., 2010) and 
to minimize risks (Goldsmith and Bender, 2004). Reducing waste and 
spoilage is also impossible without sharing information. 

Information: It is clear that companies need straightforward infor
mation to monitor the entire food supply chain, reinforced by a trace
ability system. The aim of this system is to provide transparency and 
visibility of information between partners (Bhat and Jõudu, 2019). It 
requires all partners in the FSC - involving agriculture and feed pro
ducers, manufactures, retailers etc – from a sourcing perspective work
ing with green suppliers whose materials and processes are 
environmentally friendly (Zhu et al.,2020), also the final destination of 
products. Vertical cooperation can also help to reduce food loss and 
carbon emissions. Stakeholders can make an investment in technologies 
to decrease food loss and deterioration with the help of backward and 
forward integration (Huang et al. 2018). If all stakeholders in the FSC 
are in harmony with a sustainable approach, coordination of the com
panies will be better (Carter and Rogers, 2008). Limited knowledge of 
human resources and professional staffs cause lack of information and 
knowledge about product development, new technologies, innovations 
and legal requirements (Sebők et al., 2020). Information hiding in this 
system can reduce food safety, increase contamination issues, generate 
product recalls, encourage food waste and loss and increase costs. 

Cost: Companies using traceability systems have three main primary 
objectives- facilitate traceback for food quality and safety; differentiate 
and market foods with undetectable quality attributes and improve 
supply management. These objectives enable companies to lower costs 
associated with distribution systems, recall products and increase sales 
(Golan et al., 2004). If safety hazards are hidden and any detection is not 
made, it will cause major economic loss and disruption in this system. 
Furthermore, a reduction in product quality may cause both direct 
economic losses because of high return rates and other indirect losses 
such as damaging corporate reputation (Aung and Chang, 2014). 

Efficiency (time, workforce): Efficiency improvements, better 
production and cost reduction can be achieved by internal and external 
information sharing systems. If we don’t put data into the system or 
information is hidden from other partners or organisations in the FSC, 
human errors will occur somewhere down the line. Furthermore, in
formation is needed to determine the required time to identify all the 
movements of food through the entire FSC. Information hiding can cause 
reduced efficiency, an increase in human errors, food safety concerns 
and quality deficiencies in the production and packaging process or 
during transportation between companies (Marucheck et al., 2011). 

Security: The FAO describes food security as “when all people, at all 
times, have social, economic and physical reach to sufficient, safe and 
nutritious food that meets their dietary needs and food preferences for 
an active and healthy life” (McCarthy et al., 2018). The main require
ment for food security is the ability to monitor the product from all 
stages of farm-to-fork (McCarthy et al., 2018). This needs traceability. 
Such a system records feed, food and all other ingredients throughout 
the procurement, production and distribution stages. Furthermore, 
knowing the origin of raw materials, processing plants, manufacturers, 
distributors and their routes, transfer points, distribution centres 
handling systems, packaging materials and retailers will provide effec
tive traceability (Popper, 2007). In this system, communication between 
supply chain stakeholders is essential and will provide a complete farm 
to fork flow. Otherwise, information hiding will damage the balance 
between production and consumption, lower profits and increase food 
waste. Information hiding prevents transparency across stakeholders 
and reduces the efficiency of logistic operations, consequently gener
ating a threat to human life. 
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4. Case study 

4.1. Meat industry in Turkey 

Food loss and food waste are closely related to food production, food 
accessibility and food keeping conditions. According to the Food and 
Agriculture Organization of the United Nations (FAO), approximately 
one-third of food produced for consumption is lost or wasted. This is 
almost 1.3 million tons of food per year in the world (FAO, 2011). Ac
cording to FAO’s 2013 report, Turkey has lost or wasted 18 billion tons 
of food annually. This represents 20% of all products. Food loss and 
waste is a huge problem for countries and should be managed from the 
economic, social and environmental perspectives. 

Food is wasted at all stages of a supply chain from production to 
consumption in systems all around the world (as seen in Fig. 2). The 
main stages of food loss and waste in food products can be divided into 
seven categories - pre-harvesting, harvesting, storage, transport and 
logistics, processing and packaging, retailing and consumption (FAO, 
2018). 

The reasons for food loss and waste include poor storage and trans
port conditions, poor harvesting schedule and timing, lack of optimized 
storage conditions, poor packaging conditions, lack of planning, lack of 
temperature and humidity control, long waiting process, long shipping 
process, lack of purchase planning and lack of proper display (FAO, 
2018). 

The meat industry can get ahead of the FSC since the meat processing 
industry produces large volumes of animals for slaughter. For this 
reason, waste in the industry is also high. The slaughtered animal pro
duces wastes such as skin, bones, blood, tendons, contents of the 
gastrointestinal tract and internal organs (Sgarbossa and Russo, 2017). 
Some by-products like blood, feet, fatty tissues and bone are disposed of 
in Turkey. These by-products can be used as a raw material in other 
industries like biodiesel, feed for animals etc. (Kayikci et al., 2019). 

The supply chain of meat generally consists of six members - farmer, 
processor, manufacturer, wholesaler, retailer and consumer; the meat 
circular chain covers slaughtering, blood, bone and waste, blood meal 
and bone meal and finally animal feeding. Slaughtering houses play an 
important role in the flow of information between upstream and 

downstream members. Supply chain transparency facilitates informa
tion flow within these facilities and between stakeholders (Gandino 
et al., 2009; Bosona and Gebresenbet, 2013). 

Lack of transparency in the meat industry affects safety, trust of 
consumers and quality perceptions. Hiding information about produc
tion process, origin of the product, quality and safety conditions directly 
affects local, regional and global competitiveness and consumer trust 
(Brom, 2000). Hiding information about animals - where they feed, 
when and how they are treated (Shanahan et al., 2009; Voulodimos 
et al., 2010) - or information about meat processing like cutting and 
mixing processes (Mousavi et al., 2005; Donnelly et al., 2009), product 
standards, transportation and storage standards directly affects a firm’s 
corporate image and customers’ trust. Integrating supply chain systems 
to reduce information hiding is very difficult in a meat supply chain. 

There are many stakeholders taking part in the process, a process 
consisting of many stages with many different stakeholders at each 
stage; this combines to negatively affect collaboration and common in
formation sharing standards. Identification of each members’ role and 
sub-role in the food supply chain and collaboration with partners 
maximize food waste recovery. 

4.2. Focus group 

In this part of the study, a focus group study was conducted to 
investigate and validate the impact of information hiding among 
stakeholders during traceability in the circular food chain. The focus 
group was convened in order to observe diverse experiences and to gain 
greater understanding on the topic of the study by allowing experts free 
rein to engage in open discussion; this was designed to provide a higher 
degree of spontaneity (Hennink, 2014). Focus group studies especially 
used when there is little or no information about the research. This 
method is useful for researchers to help for a study on a large scale. In 
this way, it was tried to reveal the reasons of information hiding and 
which stakeholders, which Rs and which dimensions they were in. There 
is limited studies adressed information hiding and dimensions for this 
reason the most suitable method for the study was the focus group, 
which is one of the qualitative research methods. In addition, this 
method was used in this research in order to get up-to-date information 

Fig. 2. Distribution of Food Losses and Waste along the Food Value Chain.  
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from the industry and to combine real life situations with theory. 
Data was collected from the focus group held in August 2020; 

September 2020 and October 2020 by bringing 10 experts together in 
each meeting; their areas of expertise are in circular economy/sustain
ability in the meat industry. The duration of focus group sessions were 
approximately 90–150 min, including a short break. In addition to 30 
experts from meat industry, information sheets were sent to 6 consumers 
as a last member of food supply chain. Data was collected from an adult 
consumer sample ranging in age from 25 to 45. At the end, we reached 
36 stakeholders totally. The sample size was decided by saturation 
which refers to the point at which researchers has gained sufficient in
formation from the industry (Kvale, 1996). This focus group meant that 
a purposive sampling technique was used; this is not a representative 
technique like random sampling. Random sampling techniques are 
based on sample size; confidence levels in such techniques are high 
when used in quantitative studies. However, a purposive sampling 
technique is more suited to qualitative research when rich information is 
needed to select groups of people that are experienced in the related 
topic (Patton, 2002). 

Before conducting the focus group, four academicians with extensive 
knowledge on the topic came together on an online platform to discuss 
the dimensions of traceability and confirm the framework. After 
confirmation of the framework, the focus group was held in İzmir. 
Within the scope of purposive sampling, the industrial experts were 
invited to the focus group. Each of the experts has at least five years 

work experience in the field of sustainability and circular economy in 
the meat industry. The moderators were researchers from logistics de
partments of universities. Their fields of study are circular food supply 
chain, sustainability and food waste. At the beginning of the each focus 
group, the procedure of the session was explained to all participants. The 
open-ended questions were asked randomly to the participants. The 
assistant documented observation of the group discussion. The focus 
group discussions were digitally recorded. 

Detailed information about the experts from the meat industry is 
shown in Appendix Table A1 and the flow of the study is shown in Fig. 3. 

5. Analysis and results 

We applied the ANOVA (analysis of variance) test in order to reveal 
whether there is a difference between the groups in terms of knowledge 
hiding, in which stakeholder, in which Rs strategies and in which di
mensions it may be hidden. The main purpose of ANOVA is to determine 
clearly the impact of each factor on traceability within the meat supply 
chain. 

For the normality test, one of the assumptions of ANOVA analysis, 
the Kolmogorov-Smirnov and the Shapiro-Wilk Test values were con
ducted. Both values are greater than 0.05; it can therefore be said that 
the data met the normality condition and are normally distributed. 

The second point to be examined is the homogeneity of variances. 
From the assumptions of the variance analysis, the homogeneity of the 

Fig. 3. The flow of the study.  
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group variances could not be provided as shown in Table 3. (for the 
distributor (P = 0.001) since p < 0.005). ANOVA analysis is a robust 
enough procedure to provide significant results even with not normal 
distributed samples and heterogenous variance assumptions (Baumert 
and de Obesso, 2021). Therefore, it can be concluded that it would be 
more correct to use one of the non-parametric multiple comparison tests. 

The Games-Howell post-hoc test is one non-parametric technique 
used for comparing combinations of groups. This test is used especially 
for testing unequal variances and sample sizes. The Games-Howell test is 
used for comparing all combination group differences when the equal 
variances are not assumed. This test shows the differences between 
group means and whether the differences between means are statisti
cally significant or not. 

When the differences between the means are examined in Table 4, it 

can be said that the most basic problems regarding the hiding of infor
mation are caused by the distributor. According to the results of the 
analysis, it can be said that the distributor (p < 0.000) generally hides 
information from all stakeholders (producer xi-xj = − 1.0227, p < 0.000;
consumer xi-xj = − 0.6560, p < 0.000, retailer xi-xj = − 0.8080,
p < 0.000; supplier xi-xj = − 0.8147, p < 0.000; farmer 
xi-xj= − 0.6000, p < 0.000) or does not provide correct information. 

Secondly, the other stakeholders with little or no information sharing 
are the producer (producer and farmer, xi-xj = 0.4227, p < 0.000; pro

ducer and distributor 
(

xi − xj = 1.0227, p < 0.000
)

and farmer (farmer 

and producer, xi-xj = − 0.4227,p < 0.000; farmer and distributor xi-xj =

0.6000,p < 0.000). It can be said that most information is hidden among 
these three stakeholders. (Detailed tables are given in the appendix, 
Table B1). 

Secondly, we examined where most information is hidden. Accord
ing to Table 5, stakeholders hide most information in terms of compet
itive advantage, information, safety, quality, bioterrorist threats, 
efficiency, growth and sustainability dimensions. (Detailed tables are 
given in the appendix, Table C1). 

When data is analyzed from a circular economy perspective (social, 
economic and environmental), the dimensions in which information 
hidden is at a maximum in terms of social, economic and environmental 
dimensions are shown in Table 5. 

From the social perspective, the dimensions in which hiding 
knowledge is greatest are information (xi-xj = − 1.3067, p < 0.000); 
sustainability (xi-xj = − 0.7433, p < 0.000); growth (xi-xj = 0.9833,
p < 0.000) and bioterrorist threats (xi-xj = 1.1167,p < 0.000) 

From the environmental perspective, the dimensions in which 
knowledge is hidden most are information (xi-xj = − 1.1767,
p < 0.000); growth (xi-xj = 1.1133, p < 0.000) and bioterrorist threats 
(xi-xj = 1.2467,p < 0.000). 

From the economic perspective, the dimensions where knowledge is 
hidden most are efficiency (xi-xj = 0.9767, p < 0.000); competitive 
advantage (xi-xj = 0.9467, p < 0.000); growth (xi-xj = 1.6767,
p < 0.000); optimization (xi-xj = 0.8800, p < 0.000) and bioterrorist 
threats (xi-xj = 1.8100,p < 0.000). 

When data is analyzed from the circular economy perspective, the Rs 
strategies in which information is most hidden in terms of social, eco
nomic and environmental dimensions are shown in Table 6. 

From the social perspective, the Rs strategy with most hidden 
knowledge is refuse (R0), (xi-xj = − 1.473,p < 0.000). 

From the environmental perspective, the Rs strategy with most 
hidden knowledge is refuse (R0), (xi-xj = − 1.367,p < 0.000). 

There is no significant difference between the economic dimension 
and Rs strategies in terms of mean differences. In this case, it can be said 
that information is not hidden from an economic perspective at the Rs 

Table 3 
Test of homogeneity of variances.   

Levene Statistic df1 df2 Sig. 

Distributor 3,270 9 140 ,001 
Producer 1,070 9 140 ,389 
Consumer ,148 9 140 ,998 
Retailer ,633 9 140 ,767 
Supplier 1,461 9 140 ,168 
Farmer ,374 9 140 ,946  

Table 4 
Knowledge Hiding among Stakeholders.  

(I) 
Stakeholders  

Mean 
Difference 
(I-J) 

Std. 
Error 

Sig. 95% Confidence 
Interval      

Lower 
Bound 

Upper 
Bound 

Producer Consumer ,3667 ,1442 ,115 -,047 ,780  
Retailer ,2147 ,1390 ,636 -,184 ,613  
Distributor 1,0227* ,1463 ,000 ,603 1,442  
Supplier ,2080 ,1366 ,650 -,184 ,600  
Farmer ,4227* ,1339 ,022 ,039 ,807  

Distributor Producer − 1,0227* ,1463 ,000 − 1,442 -,603  
Consumer -,6560* ,1473 ,000 − 1,078 -,234  
Retailer -,8080* ,1422 ,000 − 1,216 -,400  
Supplier -,8147* ,1398 ,000 − 1,216 -,414  
Farmer -,6000* ,1372 ,000 -,994 -,206  

Farmer Producer -,4227* ,1339 ,022 -,807 -,039  
Consumer -,0560 ,1350 ,998 -,443 ,331  
Retailer -,2080 ,1293 ,594 -,579 ,163  
Distributor ,6000* ,1372 ,000 ,206 ,994  
Supplier -,2147 ,1268 ,537 -,578 ,149  

* The mean difference is significant at the 0.05 level. 

Table 5 
Knowledge hiding among the dimensions and circular economy.  

(I) Groups  Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval      

Lower Bound Upper Bound 

Social Information − 1,3067* ,2101 ,000 − 2,035 -,578  
Sustainability -,7433* ,1925 ,015 − 1,410 -,076  
Growth ,9833* ,1479 ,000 ,468 1,499  
Bioterrorist Threats 1,1167* ,1366 ,000 ,637 1,596  

Environmental Information − 1,1767* ,2119 ,000 − 1,912 -,442  
Growth 1,1133* ,1504 ,000 ,589 1,638  
Bioterrorist Threats 1,2467* ,1394 ,000 ,758 1,736  

Economic Effiiciency ,9767* ,2177 ,002 ,220 1,733  
Competitive Advantage ,9467* ,2027 ,001 ,240 1,654  
Growth 1,6767* ,1939 ,000 ,997 2,356  
Optimization ,8800* ,2535 ,049 ,002 1,758  
Bioterrorist Threats 1,8100* ,1855 ,000 1,157 2,463  

* The mean difference is significant at the 0.05 level. 
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level. 
When data is analyzed in terms of Rs, it can be seen that information 

is mostly hidden in R0. The aim of this study was to reveal which 
stakeholder hid knowledge, in which R, in which dimension and to what 
degree. 

According to the analysis results, the stakeholders involved in most 
information being hidden are the distributor, farmer and producer. 
When information sharing among the stakeholders is analyzed, it is 
revealed that most information is hidden due to the distributor. 

Similarly, when examined in terms of dimensions, stakeholders tend 
to hide knowledge about competitive advantage, information, safety, 
quality, bioterrorist threats, efficiency, growth and sustainability 
dimensions. 

Finally, when we analyzed knowledge hiding between circular 
economy dimensions and Rs levels, we found that knowledge is mostly 
hidden in the refuse (R0) stage except from the economic perspective. 
There is no significant difference between the economic dimension and 
Rs in terms of mean differences. In this case, it can be said that infor
mation is not hidden from an economic perspective at the Rs level. 

In this study, an attempt has been made to reveal where knowledge is 
mostly hidden in terms of circular economy, stakeholders and 9Rs in the 
meat industry. 

6. Discussion 

Food safety, quality and security issues have become more chal
lenging now because the distance between the food producer to con
sumer is longer than ever before due to globalization of the food trade. 
For this reason, traceability of the food supply chain is vital to get in
formation from the origin to the final destination of food products (Peres 
et al., 2007). In our study we have found that information is mostly 

hidden among the most important stakeholders; namely, producer, 
farmer and distributor in the meat industry. 

Government regulations and legislation, competition in the food 
market, sustainability issues, aim of reducing cost, increasing efficiency 
and productivity, welfare of workers and animals plus reducing the ef
fect of bioterrorist threats are all considered to be important dimensions 
of traceability for the efficient management of FSCs (Connelly et al., 
2019). Moreover, collaboration among stakeholders, transparency and 
information are needed to manage the traceability of whole FSCs. In our 
study we have found that the highest knowledge hiding dimensions are 
competitive advantage, information, safety, quality, bioterrorist threats, 
efficiency, growth and sustainability. Firms especially hide information 
which affect their competitive advantage, sustainability and efficiency 
directly. The main reason for this situation may be due to losing cus
tomers, losing market share or government sanctions. 

In a FSC, traceability systems will also help companies to achieve a 
circular FSC. If companies can get information from stakeholders about 
food waste and by-products through the FSC, they will use them as an 

Table 6 
Knowledge Hiding among the Rs and Dimensions.  

(I) Groups  Mean 
Difference (I- 
J) 

Std. 
Error 

Sig. 95% Confidence 
Interval      

Lower 
Bound 

Upper 
Bound 

Social R0 − 1,473* ,2755 ,001 − 2,471 -,476  
R1 -,496 ,3167 ,924 − 1,655 ,663  
R2 -,207 ,2934 1,000 − 1,274 ,861  
R3 -,629 ,3182 ,737 − 1,794 ,536  
R4 ,171 ,2170 1,000 -,596 ,938  
R5 -,029 ,2305 1,000 -,849 ,791  
R6 ,293 ,2798 ,997 -,721 1,308  
R7 ,123 ,3116 1,000 − 1,024 1,269  
R8 -,477 ,3045 ,923 − 1,595 ,640  
R9 ,149 ,3399 1,000 − 1,101 1,399  

Environmental R0 − 1,367* ,2768 ,002 − 2,367 -,366  
R1 -,389 ,3178 ,987 − 1,551 ,773  
R2 -,100 ,2947 1,000 − 1,171 ,971  
R3 -,522 ,3193 ,901 − 1,690 ,645  
R4 ,278 ,2188 ,985 -,494 1,050  
R5 ,078 ,2321 1,000 -,747 ,902  
R6 ,400 ,2812 ,961 -,618 1,418  
R7 ,229 ,3128 1,000 -,919 1,378  
R8 -,371 ,3057 ,988 − 1,491 ,750  
R9 ,256 ,3410 1,000 -,997 1,508  

Economic R0 -,767 ,3053 ,396 − 1,844 ,311  
R1 ,211 ,3429 1,000 − 1,014 1,436  
R2 ,500 ,3215 ,932 -,641 1,641  
R3 ,078 ,3443 1,000 − 1,153 1,308  
R4 ,878 ,2538 ,050 -,001 1,756  
R5 ,678 ,2653 ,364 -,245 1,600  
R6 1,000 ,3092 ,101 -,093 2,093  
R7 ,829 ,3382 ,437 -,383 2,041  
R8 ,229 ,3317 1,000 -,956 1,415  
R9 ,856 ,3644 ,503 -,454 2,165  

* The mean difference is significant at the ,05 level. 

Table A1 
Information on industrial experts.  

Stakeholders Position in the 
Company 

Years in 
the 
Company 

Work 
Experience 

Age Gender 

Farmer 1 General Manager 25 25 65 Male 
Farmer 2 Agriculture 

Engineer 
8 15 42 Male 

Farmer 3 General Manager 10 19 52 Male 
Farmer 4 Agriculture 

Engineer 
30 30 61 Male 

Farmer 5 Agriculture 
Engineer 

32 32 59 Male 

Farmer 6 Agriculture 
Engineer 

5 8 33 Female 

Supplier 1 Food Engineer 1 5 31 Female 
Supplier 2 General Manager 10 13 40 Male 
Supplier 3 General Manager 6 19 51 Female 
Supplier 4 Industrial Engineer 5 8 35 Female 
Supplier 5 Agriculture 

Engineer 
2 5 32 Male 

Supplier 6 Production 
Manager 

8 11 42 Male 

Producer 1 General Manager 5 7 39 Male 
Producer 2 Industrial Engineer 3 5 30 Female 
Producer 3 Logistics Manager 4 9 35 Female 
Producer 4 General Manager 5 18 53 Male 
Producer 5 Logistics Specialist 10 10 35 Female 
Producer 6 Logistics Specialist 3 5 30 Male 
Distributor 1 Storage and 

Distribution 
Manager 

5 8 34 Male 

Distributor 2 Quality 
Improvement and 
Logistics Manager 

2 6 39 Male 

Distributor 3 Export Regional 
Manager 

2 5 36 Male 

Distributor 4 Regional Sales 
Manager 

11 16 43 Male 

Distributor 5 Quality Assurance 
manager 

6 15 46 Male 

Distributor 6 Food Engineer 3 6 33 Male 
Retailer 1 Production 

Manager 
14 22 49 Male 

Retailer 2 Digital Marketing 
Communication 
Specialist 

9 14 39 Male 

Retailer 3 Key Account 
Specialist 

3 20 47 Male 

Retailer 4 Corporate 
Marketing and 
Communications 
Manager 

2 6 37 Male 

Retailer 5 R&D Engineer 7 11 37 Female 
Retailer 6 Food Engineer 10 25 47 Female  
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input in the chain as fertilizer, energy, organic compost, animal feed etc. 
Moreover, using 9R strategies will automatically contribute to the cir
cular economy. 

Our results show that from the circular economy perspective, most 
knowledge is hidden in sustainability, information, growth and bio- 
terrorist threats in the social perspective. From the environmental 
perspective, the dimensions with most knowledge hidden are informa
tion growth and bio-terrorist threats. From the economic perspective, 
the dimensions with most knowledge hidden are efficiency, competitive 
advantage, growth, optimization and bio-terrorist threats. When data 
was analyzed from the Rs, this showed that information is mainly hidden 
in the refuse stage. Most information is hidden in social and environ
mental perspectives and specifically at the refuse stage in the meat in
dustry. Similarly, when evaluated in terms of circular economy, it can be 
seen that companies hide knowledge related to the customer and the 
environment. Again, the reason for this may be to avoid losing cus
tomers, to protect company reputation and to protect the company from 
government sanctions. 

Information hiding is a problem for traceability and circularity of a 
food supply chain. In current literature, there are some studies that 
discuss perishable products and information sharing (Lusiantoro et al., 
2018); information loss and information flow in food supply chains 
(Olsen and Aschan, 2010); information sharing and fresh food supply 
chains (Nakandala et al., 2017). There are other studies that examine 
traceability for sustainability (Garcia-Torres et al., 2019); food trace
ability (Ringsberg, 2014); information sharing in food traceability 
(Anica-Popa, 2012); traceability in food supply from safety and quality 

perspectives (Aung and Chang, 2014). Although there are studies related 
with our topic one by one, our study is unique to comprise all related 
topics together. We believe that evaluating information sharing with 
traceability dimensions and 9R strategies within circular FSC among all 
stakeholders will be promising area for the following studies. However, 
there is a lack of empirical studies to determine the effect of information 
hiding among stakeholders through traceability of food supply chains 
and direct integration in a circular economy. Conducting empirical 
research after the proposition of framework in the light of theoretical 
background will be guidance for the researchers. 

This study is focused on the meat industy where waste and by- 
products are so high with many stakeholders involved. In this context, 
this study aims to fill the gap in the field of circular FSCs on how to 
retrieve food waste produced in the meat industry and how to convert 
this wastage to other by-products to enable them to be used in other 
chains as valuable inputs. To establish collaboration, information hiding 
should be prevented among stakeholders. Companies can exchange, sell 
or transfer by-products, reduce loss and waste with the use of 9R stra
tegies. In this regard, the proposed framework of this study will shed 
light on future research in different industries and countries. 

7. Research implications 

This study focuses on the impact of information hiding among all 
stakeholders through traceability in circular FSCs. From a theoretical 
perspective, a managerial perspective and for the benefit of policy- 
makers, there are some implications that should be discussed as a 

Table B1 
Knowledge hiding among the stakeholders.  

Multiple Comparisons 

Dependent       

Variable: Data      
Games-Howell       
(I) Stakeholders  Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval      

Lower Bound Upper Bound  

Producer Consumer ,3667 ,1442 ,115 -,047 ,780  
Retailer ,2147 ,1390 ,636 -,184 ,613  
Distributor 1,0227* ,1463 ,000 ,603 1,442  
Supplier ,2080 ,1366 ,650 -,184 ,600  
Farmer ,4227* ,1339 ,022 ,039 ,807  

Consumer Producer -,3667 ,1442 ,115 -,780 ,047  
Retailer -,1520 ,1400 ,887 -,554 ,250  
Distributor ,6560* ,1473 ,000 ,234 1,078  
Supplier -,1587 ,1376 ,859 -,554 ,236  
Farmer ,0560 ,1350 ,998 -,331 ,443  

Retailer Producer -,2147 ,1390 ,636 -,613 ,184  
Consumer ,1520 ,1400 ,887 -,250 ,554  
Distributor ,8080* ,1422 ,000 ,400 1,216  
Supplier -,0067 ,1321 1,000 -,386 ,372  
Farmer ,2080 ,1293 ,594 -,163 ,579  

Distributor Producer − 1,0227* ,1463 ,000 − 1,442 -,603  
Consumer -,6560* ,1473 ,000 − 1,078 -,234  
Retailer -,8080* ,1422 ,000 − 1,216 -,400  
Supplier -,8147* ,1398 ,000 − 1,216 -,414  
Farmer -,6000* ,1372 ,000 -,994 -,206  

Supplier Producer -,2080 ,1366 ,650 -,600 ,184  
Consumer ,1587 ,1376 ,859 -,236 ,554  
Retailer ,0067 ,1321 1,000 -,372 ,386  
Distributor ,8147* ,1398 ,000 ,414 1,216  
Farmer ,2147 ,1268 ,537 -,149 ,578  

Farmer Producer -,4227* ,1339 ,022 -,807 -,039  
Consumer -,0560 ,1350 ,998 -,443 ,331  
Retailer -,2080 ,1293 ,594 -,579 ,163  
Distributor ,6000* ,1372 ,000 ,206 ,994  
Supplier -,2147 ,1268 ,537 -,578 ,149  

* The mean difference is significant at the 0.05 level. 
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result of this study. 
From a theoretical perspective, a holistic framework is needed to 

identify the traceability system in a FSC, the possible effects of infor
mation hiding on the stakeholders and circularity of the chain. For this 
reason, this study is based on stakeholder theory, theory of industrial 
symbiosis and information theory. With respect to definition of Sarkis 
et al. (2011), stakeholder theory proposes that companies provide ex
ternalities and companies should increase positive effect of these ex
ternalities. In our proposed model, we can define these externalities as 
food waste, food lost and food surplus. Amount of waste and by products 
in meat industry is high. Hence, using 9R strategies is essential to con
verting these wastes and by-products to be used as valuable inputs in 
circular FSC. In line with this idea, the theory of industrial symbiosis also 
explains the role of exchanging resources such as materials, water, en
ergy and by-products among supply chain partners. Furthermore, our 
empirical research results shows that information is among the highest 
knowledge hiding dimensions. However, as the information theory re
fers collecting information between CE actors and their stakeholders 
should be essential to reduce environmental information asymmetry in 

circular food supply chain. Moreover, traceability of the food supply 
chain is highly dependent on the collaboration and information sharing 
from the origin to the final destination of FSC. 

For policy-makers, it is necessary to understand the role of infor
mation throughout the FSC to ensure the traceability and transparency 
required to achieve circular economy. It is obvious that providing food 
security, safety and prevention of food fraud is of utmost importance in a 
FSC. Furthermore, regulations and legislation play a vital role in food 
traceability and transparency. Many companies have started to take 
precautions to standardize every process of the FSC from farm to fork in 
order to meet the legal requirements demanded by the public and gov
ernments. Quality certification such as HACCP (hazard analysis and 
critical point control), GAP (good agriculture standard), ISO22000 (food 
safety management standard, QS (food safety production license) and 
ISO9000 (quality system certification) can be a way of measures for 
policy makers. For this reason, transparency and traceability of the FSC 
from farm to fork has become a vital issue. At that point, information is 
the backbone of this process. Unless policy-makers and governments 
prevent information hiding, they cannot guarantee transparency in any 

Table C1 
Knowledge Hiding among the Dimensions and Circular Economy.  

Multiple Comparisons 

Dependent       

Variable: Data      
Games-Howell       
(I) Groups  Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval      

Lower Bound Upper Bound 

Social Environmental -,1300 ,1840 1,000 -,767 ,507  
Economic -,6933 ,2210 ,123 − 1,461 ,074  
Quality -,3400 ,1911 ,901 − 1,002 ,322  
Security -,3167 ,2024 ,963 − 1,019 ,385  
Regulations -,5267 ,2058 ,408 − 1,240 ,187  
Cost -,4533 ,1775 ,411 − 1,068 ,162  
Effiiciency ,2833 ,1779 ,957 -,333 ,900  
Information − 1,3067* ,2101 ,000 − 2,035 -,578  
Globalization -,2567 ,2106 ,996 -,987 ,474  
Competitive Advantage ,2533 ,1592 ,957 -,299 ,806  
Sustainability -,7433* ,1925 ,015 − 1,410 -,076  
Growth ,9833* ,1479 ,000 ,468 1,499  
Optimization ,1867 ,2202 1,000 -,578 ,951  
Bioterrorist Threats 1,1167* ,1366 ,000 ,637 1,596  

Environmental Social ,1300 ,1840 1,000 -,507 ,767  
Economic -,5633 ,2227 ,429 − 1,336 ,210  
Quality -,2100 ,1930 ,999 -,879 ,459  
Security -,1867 ,2043 1,000 -,895 ,522  
Regulations -,3967 ,2076 ,843 − 1,116 ,323  
Cost -,3233 ,1796 ,893 -,946 ,299  
Effiiciency ,4133 ,1800 ,595 -,210 1,037  
Information − 1,1767* ,2119 ,000 − 1,912 -,442  
Globalization -,1267 ,2124 1,000 -,864 ,610  
Competitive Advantage ,3833 ,1615 ,540 -,178 ,944  
Sustainability -,6133 ,1944 ,116 − 1,287 ,060  
Growth 1,1133* ,1504 ,000 ,589 1,638  
Optimization ,3167 ,2219 ,983 -,454 1,087  
Bioterrorist Threats 1,2467* ,1394 ,000 ,758 1,736  

Economic Social ,6933 ,2210 ,123 -,074 1,461  
Environmental ,5633 ,2227 ,429 -,210 1,336  
Quality ,3533 ,2286 ,966 -,440 1,146  
Security ,3767 ,2382 ,959 -,449 1,202  
Regulations ,1667 ,2410 1,000 -,668 1,002  
Cost ,2400 ,2174 ,999 -,515 ,995  
Effiiciency ,9767* ,2177 ,002 ,220 1,733  
Information -,6133 ,2447 ,444 − 1,461 ,235  
Globalization ,4367 ,2452 ,901 -,413 1,286  
Competitive Advantage ,9467* ,2027 ,001 ,240 1,654  
Sustainability -,0500 ,2298 1,000 -,847 ,747  
Growth 1,6767* ,1939 ,000 ,997 2,356  
Optimization ,8800* ,2535 ,049 ,002 1,758  
Bioterrorist Threats 1,8100* ,1855 ,000 1,157 2,463  

* The mean difference is significant at the 0.05 level. 
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FSC. 
Our proposed framework will give the opportunity to policy-makers 

to understand where information hiding arises in the food supply chain, 
how it can be prevented, controlled and managed. In this respect, the 
key contribution of the proposed framework in this study is to be a road 
map for future policy-makers. Moreover, this framework can be a 
blueprint for management to find out how to measure the traceability in 
a FSC and how to manage it. 

From the perspective of circular economy, this framework will help 
policy makers to reduce food waste. If information hiding is prevented 
among both internal and external stakeholder in the FSC, transparency 
will help to exchange or sell by-products and food waste or to establish 
collaboration to transform them into resources such as organic compost, 
fertilizer or energy. Moreover, food loss will be monitored and reduced 
throughout the FSC. 

In the managerial dimension, dissemination of information is 
essential to integrate circular economy throughout the food supply 
chain. Information hiding between managers directly affects the inno
vative skills and employee’s commitment to the company. Furthermore, 
this practice also negatively affects the long-term coordination among 
the partners in FSC, reduce the competitiveness in the long run. 
Furthermore, consumers are willing to get more information about every 
stage of FSC. Hence, food safety, security, quality and trust are impor
tant issues for reducing a consumer’s risk. Preventing information hid
ing between managers and SC partners is essential to increase product 
quality, food safety, consumer trust and finally profitability and corpo
rate image of the company. 

To achieve economic, social and environmental sustainability, 
companies have to use circular economy initiatives. However, infor
mation hiding will hinder the implementation of circular economy and 
the three pillars of sustainability. 

From the societal sustainability perspective, traceability is vital to 
provide food safety and security. Food organisations should be willing to 
collaborate and share information with their partners. If safety hazards 
are hidden or any detection cannot be made, it will directly affect the 
health of people and workers. Furthermore, a decrease in product 
quality will cause a corresponding increase in return rate; this directly 
influences economic losses and is responsible for indirect losses such as 
damaging corporate reputation. Furthermore, information about animal 
welfare and slaughter methods in Islamic countries are needed by cus
tomers and shouldn’t be hidden. Moreover, developing transparency 
within the SC has a vital role in struggling with greenwashing which is a 
process of imposing a false impression or giving misleading information 
about how companies’ products or services seems like socially and 
environmental friendly (Formentini, 2021). 

With regard to economic sustainability, reducing food loss and waste 
(FLW) contributes to economic sustainability. Research shows that for 
every dollar invested in decreasing FLW, 14 dollars are saved in oper
ating costs (Principato et al., 2019). Information hiding among food 
organisations throughout the FSC hinder various economic opportu
nities provided by 9R strategies. 

From an environmental sustainability perspective, upstream and 
downstream information sharing is essential to reduce food losses and 
waste. Similarly, how much information is shared or hidden by supply 
chain members between businesses affects food losses and wastes (Lu 
et al., 2019). 

Collaboration between food organisations will help them to re- 
evaluate all waste by using 9R strategies such as recycling, reusing, 
refurbishing, etc. to meet zero-waste targets. Energy saving, nutrient 
recovery, protecting natural resources and lowering greenhouse gas 
emissions can be achieved by transparency and traceability of the FSC. 

By observing the benefits of traceability in a FSC, this framework will 
also help food organisations to realize how information hiding affects 
performance of a circular economy. This framework will provide guid
ance for organisations for tracing at every stage of the FSC to integrate 
sustainable solutions. 

8. Conclusion 

The increasing importance of food quality, safety and security en
courages all members in the supply chain to maintain traceability and 
transparency from farm to fork. In order to provide efficient food 
traceability, information hiding should be eliminated among all stake
holders in the food supply chain; this includes seed, fertilizer, pesticide 
or animal feed suppliers, farmers, processors/manufacturers, distribu
tors/wholesalers, retailers and finally consumers. Moreover, internal 
traceability within each stakeholder, external traceability among all 
stakeholders in the food supply chain and backward and forward ver
tical cooperation can all help to reduce carbon emissions, food deteri
oration and food loss (Huang et al. 2018), thus providing a more 
efficient circular FSC. 

In this study, a conceptual framework is proposed to contribute to 
better understanding of how information hiding affects traceability in a 
FSC and circularity in the meat industry. Moreover, this study helps by 
examining all traceability dimensions involving sustainability, welfare, 
productivity/optimization, bioterrorist threats, competitive advantage, 
regulations/legislation, globalization, food safety and quality, infor
mation, cost, efficiency (time, workforce) plus security. A total of twelve 
categories related to traceability, achieving 9R strategies among stake
holders can be implemented by eliminating information hiding with 
internal and external integration. This can be a guide for the meat in
dustry as well as for policy makers to achieve circular FSCs. 

There are some limitations and suggestions for future research in this 
area. This study is based on both proposed framework and case study. To 
understand the differences between the groups, we also conducted 
empirical research. The need for a more empiricial research can be 
necessary on the variables. The proposed framework can be generalized 
for the wider food industry; subsequent results may vary in other sectors 
and countries. This proposed framework was conducted in Turkey and 
the main industry in this study was the meat industry. This proposed 
framework can be a guide for different industries or emerging economies 
since traceability and preventing information hiding are essential to 
achieve circular food supply chains. The proposed framework can be 
used in other emerging countries such as Brazil, China, India, Russia, 
South Korea, Mexico etc. by examining different traceability di
mensions. The results can be compared in future research. Moreover, 
integration of this proposed framework with industry 4.0 can be a 
promising area for future studies. Furthermore, instead of looking at the 
role of information sharing to achieve circular food supply chain, in
formation sharing can be seen a way of collaborative communication 
that increases trust, loyalty between business partners. Future research 
can be conducted with these and also new variables. 
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Bustillo-Lecompte, C., Mehrvar, M., & Quiñones-Bolaños, E. (2016). Slaughterhouse 
wastewater characterization and treatment: An economic and public health necessity 
of the meat processing industry in Ontario, Canada. Journal of Geoscience and 
Environment Protection, 4(4), 175–186. https://doi.org/10.4236/gep.2016.44021. 

Butt, A. S. (2019). Determinants of top-down knowledge hiding in firms: An individual- 
level perspective. Asian business & management, 1–21. https://doi.org/10.1057/ 
s41291-019-00091-1. 

Butt, A. S., & Ahmad, A. (2019). Are there any antecedents of top-down knowledge 
hiding in firms? Evidence from the United Arab Emirates. Journal of Knowledge 
Management, 23, 1605–1627. https://doi.org/10.1108/jkm-04-2019-0204. 

Butt, A. S., Ahmad, A. B., & Shah, S. H. H. (2020). Knowledge hiding in a buyer-supplier 
relationship: A pilot study. Knowledge and Process Management. https://doi.org/ 
10.1002/kpm.1631. 

Carter, C. R., & Rogers, D. S. (2008). A framework of sustainable supply chain 
management: Moving toward new theory. International journal of physical distribution 
& logistics management, 38(5), 360–387. https://doi.org/10.1108/ 
09600030810882816. 

Cavaliere, A., & Ventura, V. (2018). Mismatch between food sustainability and consumer 
acceptance toward innovation technologies among Millennial students: The case of 
Shelf Life Extension. Journal of Cleaner Production, 175, 641–650. https://doi.org/ 
10.1016/j.jclepro.2017.12.087. 

Charter, M., & Gray, C. (2008). Remanufacturing and product design. International 
Journal of Product Development, 6(3–4), 375–392. https://doi.org/10.1504/ 
IJPD.2008.020406. 

Cheng, M. J., & Simmons, J. E. L. (1994). Traceability in manufacturing systems. 
International Journal of Operations & Production Management, 14(10), 4–16. https:// 
doi.org/10.1108/01443579410067199. 

Chertow, M. R. (2000). Industrial symbiosis: Literature and taxonomy. Annu. Rev. Energy 
Environ., 25, 313–337. https://doi.org/10.1146/annurev.energy.25.1.313. 

Cimren, E., Fiksel, J., Posner, M. E., & Sikdar, K. (2011). Material flow optimization in 
by-product synergy networks. Journal of Industrial Ecology, 15(2), 315–332. https:// 
doi.org/10.1111/j.1530-9290.2010.00310.x. 

Coderoni, S., & Perito, M. A. (2020). Sustainable consumption in the circular economy. 
An analysis of consumers’ purchase intentions for waste-to-value food. Journal of 
Cleaner Production, 252, Article 119870. https://doi.org/10.1016/j. 
jclepro.2019.119870. 
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Gülmüş Börühan is an Assistant Professor at Logistics Management Department in Yaşar 
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