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Abstract This study aims to determine the effect of man-
agerial initiatives on the adoption of traceability systems
on food cold chain performance during the Covid-19
pandemic. Managerial initiatives are allegedly needed to
improve the company’s performance because it improves
the traceability system in the supply chain. In addition, the
effect of the traceability system adoption on the Indonesian
food cold-chain performance during the Covid-19 pan-
demic is also discussed in this study. This study uses a
quantitative approach and purposive sampling with a
questionnaire research instrument obtained 250 statements
of Indonesian consumers and retail employees. Partial
least squares for structural equation modeling (PLS-SEM)
were used to analyze latent variables’ relationships. This
study indicates that the traceability system has a significant
effect on the performance of the food cold-chain during the
Covid-19 pandemic. In addition, the adoption of electronic
data exchange (EDI), radio frequency identification
(RFID), and blockchain significantly impacted traceability
systems during the Covid-19 pandemic. The managerial
application of the initiative showed a positive and signifi-
cant impact on the performance of the food cold-chain
during the Covid-19 pandemic. However, the managerial
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initiative is not able to moderate the adoption of the
traceability system.
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Food cold chain performance during Covid-19 -
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Introduction

Fulfilling the increase in the supply of cold-chain products
requires a good integration to connect all supply chain
parties (Lewis & Boyle, 2017). Food cold-chain manage-
ment associates all parties in the supply chain, from the
farmer to the consumer (Joshi et al., 2011). There is a
significant growth in Indonesia’s cold-chain market every
year and predicting increase from 4-6% to 8-10% in the
next five years (ILFA, 2020). Furthermore, Indonesia’s
food and agriculture sector is the most considerable con-
tribution of the cold-chain sector to Indonesia’s gross
domestic product (GDP) (BPS, 2019). The food cold-chain
system helps the expansion of the Indonesian food supply.
This system uses a cold chain’s temperature control system
that can inhibit microbial growth to extends product stor-
age life and maintain nutritional product quality well
(Aung & Chang, 2014a; Carullo et al., 2008; Shashi et al.,
2018).

However, the food cold-chain market has become dis-
rupted due to the spread of the Covid-19 pandemic in all of
the world caused by Coronavirus (SARS-CoV-2). This is a
big challenge for Indonesia’s food cold chain industry. An
infected worker’s droplets could transmit the virus rapidly
and become a necessary concern as it causes acute respi-
ratory syndrome (Ganyani et al., 2020; Wiersinga et al.,
2020). The government issued several policies to reduce
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the spread of Coronavirus transmission by implementing
health protocols to large-scale social restrictions in all
aspects of the industry (Paramita et al., 2021; Tam et al.,
2021; Ufua et al., 2021; Vergara et al., 2021). This policy
impacts the supply and demand, such as food losses cases.
The food cold chain product has a short life span charac-
teristic and cannot be recycled (Masudin & Safitri, 2020).
Moreover, the possibility of Coronavirus contamination
along the supply chain is another concerning issue related
to product safety. The complexity of the problems raises
triggers for product-related information traceability sys-
tems that can monitor products’ condition along the supply
chain, considering the fast transmission of viruses.

Optimal integration can evaluate supply chain perfor-
mance from traceability initiatives and operation manage-
ment (Wang et al., 2009). The traceability system detects
the causes of quality and safety problems by determining
their origin and characteristics from the upstream supply
chain (Bechini et al., 2005). The utilization of the Internet
of Things (IoT) can increase product visibility, such as
product information, environmental conditions around the
product, and product quality (Tsang et al., 2018). Effective
management between corporate governance and employees
is needed to affect business performance positively (Gal-
breath, 2006). Besides, stakeholders’ initiative in the food
cold-chain is an important factor in successfully imple-
menting the traceability system (Lewis & Boyle, 2017).
Without any initiative to encourage stakeholders, the
traceability system performance cannot be optimal. Thus,
this study was conducted to determine the influence of
managerial initiative on traceability system adoption. The
traceability system’s effect on the Indonesian food cold
chain performance during the Covid-19 pandemic was
determined in this study.

The structure of this article is written in six sections. The
first section (introduction) discusses this study’s back-
ground and identifies the gap between previous studies and
the research statement. Section two discusses the related
studies that contributed to developing the framework.
Subsequently, the following section discusses the research
methodology, followed by Section four, which discusses
the results and discussion. Section five presents the man-
agerial implications, and it is followed by the final section,
which is the conclusion and limitations.

Literature Review
Food Cold Chain Performance
The cooling system is applied in the post-harvest and after

food processing. This system uses the proper temperature
settings to keep product quality in good condition (Bogataj
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et al.,, 2005; Shabani et al., 2015; Shashi et al., 2018).
Temperature control errors can occur before and after
loading and unloading in warehouses or consumer refrig-
erators’ storage (Mercier et al., 2017). These errors lead to
potential damage to the cold-chain product. Product clas-
sification in the food cold-chain is shown in Fig. 1.

The structural resistance of different foodstuffs makes
the distinction between products. Fresh food products such
as vegetables and fruit can keep up to two months in chilled
rooms with low temperatures (1-7 °C). Meanwhile, pro-
cessed products, canned food, and animal protein require a
freezer at room temperature below 0 °C (Capricorn
Indonesia Consult, 2019). Many aspects of cold chain
performance, such as product shelf life, production time,
production period, physical product properties, type of
transportation, storage conditions, product safety, and
environmental conditions, make it quite challenging to
measure (Aramyan et al., 2007; Joshi et al., 2012). The
complexity in the cold chain management often leads to
nescience where the product’s damage, especially products
with a short shelf life (Aiello et al., 2012).

Food Cold Chain Industry Expenditure Cost

The first dimension in measuring the food cold chain’s
performance is costs incurred in all cold-chain operations.
Managing product losses, expenditure on energy used,
operating costs, maintenance of cooling systems, and
expenses caused by lost time can improve the competi-
tiveness in the supply chain (Joshi et al., 2011). Food
industry waste from the loss due to microbes’ decay is the
most significant waste because spoilage can occur at any
cold chain stage. The level of performance efficiency of the
agro-food supply chain can be measured using cost indi-
cators. Those indicators are distribution costs, transaction
costs, net profit from an investment, and return on invest-
ment. The cost indicators also include company inventory
costs such as products, raw materials, semifinished goods,
and finished goods (Aramyan et al., 2007).

Quality and Safety of Food Cold Chain Products

Quality and safety indicators are often used to measure the
food supply chain’s performance. The main concerns of
society are food production and consumption because they
have a wide range of social, economic, and environmental
consequences (Aung & Chang, 2014b). Thus, food product
problems become more customer-oriented by providing
excellent and fast responses in the food industry. The
increased regulations and consumer awareness regarding
food safety lead researchers to research food supply chains
(Kuo & Chen, 2010). Considering the effect of low tem-
peratures in storage along the supply chain is one of the
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Fig. 1 Food cold chain source
and derivatives

Supply Industry

supporting aspects of improving food products’ quality and
safety, because that can minimize the risk of the growth of
spoilage-causing microorganisms (Kuo & Chen, 2010;
Montanari, 2008; Rediers et al., 2009). Moreover, imple-
menting worker training, recording product acceptance
temperatures, setting real-time temperatures, and using an
alarm system can reduce the food cold chain system’s
quality and safety risks (Wu & Hsiao, 2020).

Food Cold Chain Service Level

An organization’s service level provides to its customers is
another dimension used as a food cold chain performance
attribute. Customer satisfaction is supported by the maxi-
mum service level (Joshi et al., 2011). The cold chain uses
a service level as a differentiator from other competitors.
Those services include cooling systems vehicles as deliv-
ery services, flexible company operating hours, and placing
a strategic company location to reach customers quickly
and easily (Joshi et al., 2011). Consideration for retail
companies is improving the service quality. In increasing
operational efficiency and customer service, Wal-Mart
implements superior supply chain management practices
(Blanchard et al., 2008). These practices are maximizing
sales and revenue, merging distribution centers to maintain
control over shipping. Moreover, the practice also includes
minimizing inventory, maximizing the use of technology to
simplify the transaction process, and collaborating with
suppliers to reduce product prices each year. An organi-
zation certainly could please customers by good service.
Without the organization’s willingness to establish an
organizational culture and ensure that delivery is effective,
the customer-focused services and practices cannot be
developed or maintained in the long term (Bartley et al.,
2007).
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Food Cold Chain During the Covid-19 Pandemic

The outbreak of the Covid-19 pandemic in the world has
sparked fears by the rapid virus transmission. In Indonesia,
until May 2, 2021, there are 1,672,880 confirmed cases of
Covid-19. Covid-19 caused by the Coronavirus 2 (SARS-
CoV-2) by triggers acute respiratory syndrome (Wiersinga
et al.,, 2020). The SARS-CoV-2 virus is transmitting
through saliva droplets that come out of breathing during
direct face-to-face contact and transmission of the virus
from the surface of objects (Ganyani et al., 2020). The food
supply chain’s quality and safety, including the food cold-
chain, can be interrupted by the Covid-19 pandemic. When
infected workers sneeze or cough while being in the food
production supply chain, respiratory droplets could trans-
mit Coronavirus on food products (Rizou et al., 2020).
Moreover, the Covid-19 pandemic disrupts supply chain
integration due to supply chain uncertainty (uncertainty of
suppliers or technology) (Paul & Chowdhury, 2020; Shu-
kor et al., 2020). Supply and demand problems can lead to
product returns, food losses, increase product prices, and
trigger transportation problems for food cold chain prod-
ucts caused by reusable packages in product delivery; there
is a risk of transmitting the virus (Masudin & Safitri, 2020).
The disruption of supply chain integration has an impact on
the flexibility of the company organization. Organizational
flexibility is one of the strategic dimensions for supply
chain integration, and the external environment (Khoo-
biyan et al., 2017). Shukor et al. (2020), in their research,
shows that environmental uncertainty and organizational
capability are important elements that affect supply chain
agility and organizational flexibility. It is more astute for
companies when dealing with external uncertainties that
force them to look beyond the normal limits of their
business.
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Traceability in the Food Cold Chain

The possibility of Coronavirus contamination is raising
more attention to the traceability of food products in the
cold food chain. Applying a traceability system in food
cold chains helps ensure food safety and quality to main-
tain consumer trust (Aung & Chang, 2014b). When
building a traceability system in a supply chain, one
problem is the large scale of the food cold chain stages
(production, processing, and distribution) (Bechini et al.,
2008). The traceability systems allow detecting the causes
of product quality problems because of the wide range
from downstream of the product path along the supply
chain.

According to Aiyar and Pingali (2020), it is necessary to
integrate traceability technology to reduce the risk of
pandemic disruption on the food system. This technology
could monitor the emergence of disease in several places
along the trade chain. This is very important because it can
improve long-term food security by preventing the
expansion of pandemics and disrupting the food system in
the future. One of the food cold-chain performance
matrices is the consistency in tracing product information
related to origin and location (Shashi et al., 2018). There is
a relationship between traceability and performance eval-
uation of a cold chain (Joshi et al., 2011). The track record
of temperature and its origin from each stage in the cold
chain may be obtained using a traceability system. Based
on this description, the following hypothesis can be
proposed:

H1 The traceability system (T) significantly affects the
food cold chain performance (FCCP).

An effective traceability system must be flexible and
responsive in identifying potential risky products and then
recalling products that are declared unsafe (Mc Carthy
et al.,, 2018). Technology needs to be supported to help
trace information data along the supply chain in maxi-
mizing traceability systems in food cold chains. Advanced
information technology properly adopted in a traceability
system would enable strategic flexibility (Lau, 1996) when
adaptable, quick, and responsive systems are highly sought
to reduce environmental threats caused by the Covid-19
pandemic. During the Covid-19 pandemic, it requires
minimal contacts between workers, and a flexible supply
chain system needs technology that allows automation of
processes on the purchasing, between suppliers, operations,
and customers (Duclos et al., 2003), because flexibility
considers the speed at which hardware and software
architectures can change. It is necessary to allow syn-
chronization between companies in the supply chain (Du-
clos et al., 2003). With a traceability system’s advanced
technology, the speed and accuracy of data transmission
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can be considered for
pandemics.

company flexibility during

Electronic Data Interchange (EDI) Adoption

Transmitting information from one computer to another for
business transactions between organizations in the supply
chain uses electronic data interchange (EDI) technology
(Walton & Marucheck, 1997). Conventional businesses
such as purchase orders, material forecasting, shipping, and
invoice can be replaced with EDI tools (Hart & Saunders,
1997). EDI is important for transferring information
quickly and automatically to create more effective and
efficient integration or coordination (Hill & Scudder,
2002). Maximizing EDI technology in supply chain man-
agement requires integrities between organizations (Kon-
synski, 1993).

Various researchers have tried the use of EDI in various
industries. Ford Motor uses EDI as one of the applications
to handle corporate data transfers with partners (Webster,
1995). In the retail sector, Wal-Mart uses EDI to provide
real-time information with suppliers regarding order
accuracy and transparency throughout its supply chain
(Blanchard et al., 2008). Inventory visibility such as
making invoices and payments can increase by using EDI.
EDI is used to inform each department’s schedule, infor-
mation related to production activities, and sales activities.
Companies view EDI as a tool to increase efficiency and be
more accommodating to customer desires than suppliers
(Hill & Scudder, 2002). Based on this description, the
following hypothesis can be proposed as follow:

H2 Electronic data interchange adoption (EDI) signifi-
cantly affects the traceability system (T).

Radio Frequency Identification (RFID) Adoption

Radio frequency identification (RFID) is one of the tech-
nologies often used in communication between Internet of
Things (IoT) devices related to food safety (Bouzembrak
et al., 2019). This technology is an identification tool that
uses radio waves to detect the presence of objects through
tags. RFID has many advantages: ease of use, automatic
scanning, high data rates, large memory, and can scan
multiple tags simultaneously (Aung & Chang,
2014b; Musa & Dabo, 2016; Patil & Suresh, 2019). RFID
works by transmitting radio signals through an antenna
with a fixed frequency from a certain distance to form an
electromagnetic field (Cao et al., 2019).

RFID use as a tracking device for items inside and
outside the store in the retail industry, such as Wal-Mart
(Blanchard et al., 2008). This tracking device stores goods
in stores, simplifies refilling and retrieves items more
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accurately. The curbing counterfeiting and theft or
increasing visibility throughout the supply chain also pro-
vide by RFID. Several researchers carried out the appli-
cation of RFID technology to food cold-chain for
monitoring the temperature of transport and remote storage
(Abad et al., 2009; Badia-Melis et al., 2015; Jedermann
et al., 2009; Ruiz-Garcia et al., 2008, 2010; Zou et al.,
2014), estimating shelf life (Chen et al., 2014; Nicometo
et al., 2014), monitoring of counterfeiting in food products
(Rajakumar et al., 2018), and the detection of gas or
volatile chemicals (Fiddes & Yan, 2013). A similar state-
ment was made by Oskarsdéttir and Oddsson (2019) that
the most advanced technology for its integrity and trace-
ability in the supply chain is RFID. Based on this
description, the following hypothesis can be proposed:

H3 Radio frequency identification adoption (RFID) sig-
nificantly affects the traceability system (T).

Blockchain Adoption

Some researchers have started to apply blockchain tech-
nology to the traceability of supply chain systems in recent
years. Blockchain is a set of many blocks that contains data
of all transactions within a certain period. Fingerprint
scanning is used for the verification process for guaranteed
validity of information and possibly connected with other
blocks (Tian, 2016). The blockchain is distributed network
that keeps system data open and transparent with no way to
track and destroy data. Several sectors such as finance,
industry, health, social, transportation, education, and
agriculture have been applied blockchain technology (Cao
et al., 2019).

According to Cole et al. (2019), blockchain can improve
product safety and security and improve quality manage-
ment. It can also reduce illegal counterfeiting, improve
sustainable supply chain management, reduce the need for
intermediaries, and reduce the usual supply chain transac-
tions by implementing blockchain technology in supply
chain operations and management. In the cold chain sector,
to measure and monitor the entire network in a transparent
and real-time manner, Kim and Shin (2019) using block-
chain by considering that cold chains have a very complex
structure and require different criteria for each stage and
item. According to Pal and Kant (2019), the traceability of
a product that all parties need in the chain uses the
blockchain’s information. End-users can use blockchain for
obtaining product-related information that will be used to
consider before buying products. Meanwhile, auditors can
ensure that the processing, handling, transportation, and
storage regulations have been carried out correctly. The
research also includes information that blockchain can
reduce the time to track information related to product
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contamination cases from one week to just seconds. Based
on this description, the following hypothesis can be
proposed:

H4 Blockchain adoption (BC) has a significant effect on
the traceability system (T).

Managerial Initiatives

In their research, Lewis and Boyle (2017) provide an
overview of industry and government initiatives to improve
the seafood supply chain’s traceability system. The trace-
ability system’s improvement is driven by industry leaders’
initiatives, pre-competitive collaboration, public—private
partnerships, and government involvement with the private
sector. Management initiatives in a supply chain are needed
to drive the performance of a company. Some literature tries
to explain the importance of an initiative in a company, such
as pressure from stakeholders and retailers to affect adding
value to customers and company/market performance and
supply chain finance (Baert et al., 2012; Kumar et al., 2013;
Martinez-Jurado & Moyano-Fuentes, 2014; Reuter et al.,
2012). Research conducted by Sousa et al. (2008) shows the
Portuguese pear industry is driven by the retailer’s leader-
ship in introducing a quality assurance system and trace-
ability along the supply chain. Masudin et al. (2018) prove
that implementing green supply chain management prac-
tices (GSCM), an initiative given to the organization, has a
positive and significant impact. This shows that the man-
agerial initiative’s role is critical in encouraging the sus-
tainability of a supply chain. Moreover, the implementation
of new technologies in the supply chain requires managerial
attention to help increase the organizational members’
willingness to learn in an uncertain field of knowledge. The
managerial initiatives allow a learning process of an out-
ward-looking and experimental without damaging ongoing
efficiency-oriented activities of the organization (Khanagha
et al., 2017). Based on this description, the following
hypothesis can be proposed:

HS5 Managerial initiatives (MIs) support traceability sys-
tem (T) adoption on food cold chain performance (FCCP)
improvement.

H6 Managerial initiatives (MIs) have a significant effect
on the food cold chain performance (FCCP).

Research Method

This study is explanatory research with a quantitative
method approach because the research variables measure-
ment is numerical and uses statistics analysis (Nur &
Supomo, 2002). The decision of the method used is based
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on the study’s objectives. The consideration for selecting
the partial least square—structural equation modeling (PLS-
SEM) method, according to Hair et al. (2019), is when the
analysis is related to testing the theoretical framework from
a predictive perspective or the study conducted requires a
latent variable score for follow-up analysis. This study uses
the PLS-SEM method to determine whether all factors are
interrelated and affect food cold chain performance. The
analysis was conducted to score each latent variable and
identify the construct’s key driver.

This study’s respondents are an expert group of con-
sumers who have consumed food cold chain products for at
least one year and retail employees who work in depart-
ments that handle food cold chain products. This study has
two stages of testing: pilot and field test. There are several
methods to determine a sample when the population is not
known with certainty. According to Alwi (2015), a sample
of 15 to 30 respondents is required for experimental and
comparative research. The number of respondents used in
the pilot test of this study was 30 respondents. The number
of samples used for the field test was 10 x the number of
decided variables due to differences in sample sizes with
PLS-SEM analysis (Masudin et al., 2018). So the number
of field test respondents used is 10 x 6 = 60 respondents.

The results of the questionnaire were numbers from the
Likert scale and analyzed using statistical methods. The
use of SPSS 20.0 software helps process pilot testing data
descriptively when examining the validity and reliability.
Meanwhile, PLS-SEM was used to evaluating the rela-
tionship between variables using the Smart-PLS 3.2.9
software. This study measured each research variable’s

Fig. 2 Conceptual model

Electronic Data
Interchange
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Radio Frequency'
Identification
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Blockchain
Adoption (BC)
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indicators using a questionnaire through the Google form
media. The questionnaire questions are arranged based on
each variable’s indicators determined in the conceptual
model. Measurement of the questionnaire question group
uses a Likert scale with five levels; they are 5 (very
important), 4 (important), 3 (neutral), 2 (less important),
and 1 (not important).

Conceptual Model

The conceptual map describes the studied area and is
represented by the theories compiled and describes the
relationship between variables (Rowley & Slack, 2004).
The conceptual model is used to map the author’s frame of
mind for ease the readers to understand (as shown in
Fig. 2). This model is developed based on the theory by
previous researchers in the journal literature. The concep-
tual model describes a causal relationship and an effect
between each variable. In this study, six latent variables
consist of T, EDI, RFID, BC, MI, and FCCP. As for the
manifest variables in this study, there were 32 attributes.
The following explains the hypothesis that describes the
relationship between latent variables in this study (Abad
et al., 2009).

From the conceptual model above, six hypotheses were
obtained, as given in Table 1.

Operational Variable

Operational variables define a concept that can be mea-
the
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Table 1 Research hypothesis

Hypothesis Relationship description

Hl T has a significant effect on FCCP
H2 EDI has a significant effect on T
H3 RFID has a significant effect on T
H4 BC has a significant effect on T

H5 MI supports FCCP to adopt T

H6 MI has a significant effect on FCCP

characteristics (Pujihastuti, 2010). Measuring research
variables can be measured by identifying operational
variables by considering the variable’s processes (Plumier
& Maier, 2018). The author determines the operational
variables by identifying them through journal literature
studies. The operational variables used in this study are
described in Table 2.

Results and Discussion
Pilot Test

The questionnaire’s data were obtained from 30 respon-
dents with an age range between 18 and 49 years. The
expert group consisted of 30% women and 70% men from
several western and central Indonesia areas. From the
screening, it is known that 76.7% of respondents have
consumed cold-chain products for more than five years and
obtained products from minimarkets (40%), supermarkets
(36.7%), and stalls/agents (23.3%). In this test, information
from retail employees is also needed due to the managerial
situation comprehension in the field. Retail employees’
data were obtained from 18 respondents (including 30
respondents), with 40% of respondents have only worked
for less than one year. The pilot test questionnaire results
were tested for validity and reliability shows in Tables 3
and 4.

Pearson correlation is used to determine the strength of
research instruments in measuring precisely or determining
the validity of the answers. The criterion for acceptance of
validity is when the Pearson correlation value obtained is
more than the Ry value (Arikunto, 2006). The Ry,
value was determined using a significance level of 5%, so
that the value of R(an;O.OS) = R(zg;o'os) = 0.361. USiIlg SPSS
ver.20 software, data processing results indicate that all
question items were mutually correlated between variables.
Most of them had a strong correlation because those values
between 0.70 and 0.89 (Schober et al., 2018). After com-
paring with the R value, it can be seen that all the
questions have a Pearson correlation value that exceeds the
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Repie value (0.361). The research instrument is valid and
can be used for research instruments in the field test.

Research instruments need to be tested for accuracy and
consistency as a means of measuring research data. This
can be obtained by testing its reliability using the Cron-
bach’s alpha test because the questionnaire has more than
one correct answer (Adamson & Prion, 2013). The
acceptance criterion or a variable that can be reliable is
when the Cronbach’s alpha value obtained exceeds the
value of 0.60 (because that is considered a strong level of
relationship) (Streiner, 2003; Sugiyono, 2013). The results
of data processing for reliability testing are given in
Table 4. It can be concluded that all of the research vari-
ables are reliable because it has met the criteria of the rule
of thumb of Cronbach’s alpha. Almost all variables have a
robust correlation because they value between 0.80 and
1.00 (Sugiyono, 2013). It concluded that the research
instrument could be used for field tests because it has high
accuracy or precision.

Profile of Respondents and Descriptive Statistics
of Field Test

After ensuring the research questionnaire is valid and
reliable, the field test is conducted with another data set.
The field test compiles data from 220 respondents from
various western, central, and eastern Indonesia regions that
are given in Table 5. Most respondents have consumed
cold-chain products for more than five years (72%), so they
know how the needs and urge for handling cold-chain
products are supposed to do, especially during the Covid-
19 pandemic. Most respondents get cold food products
from retailers (53% minimarkets and 30% supermarkets).
To obtain more accurate data about the traceability sys-
tem’s needs and managerial conditions in the food cold-
chain, the authors also took samples from 93 retail
employees (include in 220 respondents).

In describing the characteristics of the sample obtained,
the researcher used descriptive statistics. Descriptive
statistics can help researchers detect sample characteristics
that can influence conclusions (Thompson, 2009). Table 6
contains descriptive statistical data in this study, which
shows respondents’ tendency to assess each variable
indicator.

All questions (variable indicators) were answered
equally by 220 responses. Most of the question indicators
were responded with the highest score on the Likert scale
of 5 (very important). Meanwhile, the lowest answers
obtained, most of the question indicators were on Likert
scale 2 (less important). For the variability of the sample
data, the data have an inconsiderable range of standard
deviation (between 0.662 and 0.787). The variation is 30%,
indicating that the respondent has comprehended the
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Table 2 Operational variable definition

Variable Definition Dimension

Attribute

EDI EDI is a tool for exchanging data between computer
systems and business partners

RFID A tool to detect the presence of an object with a tag using
radio frequency

BC Technologies with a wide range of transactions and
distributed across parties from each block are
continuously evolving

T The traceability system detects the causes of quality and
safety problems by determining their origin and
characteristics from the upstream supply chain. The
traceability system is for data information on food
cold chains during the Covid-19 pandemic

EDI 1

EDI 2

EDI 3

RFID 1

RFID 2

RFID 3

RFID 4

BC 1

BC 2

BC 3

BC 4

BC5

T1

T2

EDI technology as a transaction tool in the cold
chain during the Covid-19 pandemic (Foraker
et al., 2020; Hart & Saunders, 1997; Sharma &
Pai, 2015)

EDI is a communication system between food
supply chain suppliers and consumers during
the Covid-19 pandemic (Foraker et al., 2020;
Hill & Scudder, 2002)

EDI technology can be accessed globally on the
food supply chain during the Covid-19
pandemic (Foraker et al., 2020; Hill & Scudder,
2002; Webster, 1995)

Data information’s suitability with actual
conditions along the cold supply chain during
the Covid-19 pandemic (Ho et al., 2020;
Oskarsdéttir & Oddsson, 2019)

The food supply chain information can be
accessed quickly and easily during the Covid-19
pandemic (Aung & Chang, 2014b; Otoom et al.,
2020)

RFD allows tracking product temperature and
humidity along the cold chain during the Covid-
19 pandemic (Abad et al., 2009; Garg et al.,
2020)

There was transparency in food cold product
information during the Covid-19 pandemic
(Tian, 2016; Sarkis et al., 2020)

The information system can be accessed
anonymously by all parties in the food supply
chain during the Covid-19 pandemic (Marbouh
et al., 2020; Pal & Kant, 2019; Tian, 2016)

Data security on the food supply chain is
guaranteed during the Covid-19 pandemic
(Marbouh et al., 2020; Tian, 2016)

The entire network’s security on the food supply
chain is guaranteed during the Covid-19
pandemic (Marbouh et al., 2020; Tian, 2016)

The easy-to-access database system on the food
supply chain during the Covid-19 pandemic
(Marbouh et al., 2020; Tian, 2016)

Data obtained of food cold products in real time
during the Covid-19 pandemic (Kim & Shin,
2019; Marbouh et al., 2020)

Able trace along the supply chain during the
Covid-19 pandemic (Joshi et al., 2011; Onoda,
2020)

Highly detailed data tracing results (including
information related to transactions, locations,
product conditions, production stages, and
transportation) during the Covid-19 pandemic
(Sahin, Dallery, & Gershwin, 2002; Joshi et al.,
2011; Onoda, 2020)
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Table 2 continued

Variable Definition

Dimension

Attribute

FCCP  The food cold chain’s performance during the Covid-19
pandemic uses a temperature control system that can
inhibit microbial growth, which extends product
storage life and maintains nutritional product quality

MI An action that has elements of control, theory, and
purpose. It is the development of a unique terminology
to distinguish different cases when the organization
has the initiative (R. Cohen et al., 1998). This study
analyzing managerial initiatives during the Covid-19
pandemic occurs in Indonesia

Cost (C)

Product
Quality
and Safety
(QS)

Service
Level
(SL)

T3

Cl1

Cc2

C3

Cc4

C5

QS 1

QS 2

QS 3

SL 1

SL 2

SL 3

SL 4

SL5

MI 1

Degree of automation in item identification and
data collection along the supply chain during
the Covid-19 pandemic (Joshi et al., 2011;
Onoda, 2020; Sahin et al., 2002)

Operating costs related to service and maintenance
costs in the cooling process are minimal during
the Covid-19 pandemic (Joshi et al., 2011)

Food cold companies incurred minimal storage
and transportation costs during the Covid-19
pandemic (Joshi et al., 2011)

Affordable refrigerated handling freight charges
during the Covid-19 pandemic (Joshi et al.,
2011)

Minimizing the cost of lost products expired or
wasted due to mishandling during the Covid-19
pandemic (Joshi et al., 2011)

Provide training for staff who handle food cold
products to improve the skills and knowledge
needed during the Covid-19 pandemic (Joshi
et al., 2011)

The company had quality and safety of food cold
products certification (Joshi et al., 2011)

Food cold products are continuously monitored to
ensure their products’ quality and safety from
Coronavirus contamination (Joshi et al., 2011)

The freshness of food cold products is maintained
until the end consumer during the Covid-19
pandemic (Joshi et al., 2011)

Easy-to-use transaction methods during the Covid-
19 pandemic (Joshi et al., 2011)

Comfort and convenience in reaching consumers
during the Covid-19 pandemic (Joshi et al.,
2011)

Flexible operating hours during the Covid-19
pandemic (Joshi et al., 2011)

The scope of shipping with coolers is extensive
during the Covid-19 pandemic (Joshi et al.,
2011)

Complete and varied product availability during
the Covid-19 pandemic (Joshi et al., 2011)

Regulations issued by the organization as a
driving force for other organizations to carry out
activities in the food cold chain during the
Covid-19 pandemic (Masudin et al., 2018)

Consumption of food cold products encourages
producers to trace products along the food cold-
chain during the Covid-19 pandemic (Masudin
et al., 2018)
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Table 2 continued

Variable Definition

Dimension

Attribute

MI 3 Food cold product supplier initiatives in

traceability technology can increase the food
cold chain effectiveness during the Covid-19

pandemic (Masudin et al., 2018)

MI 4 Several organizations in the food cold-chain
utilize traceability systems to maintain product
quality and safety during the Covid-19

pandemic (Masudin et al., 2018)

Table 3 Validity of pilot test

Variable Indicator Pearson correlation Evidence
EDI EDI 1 0.886 Valid
EDI 2 0.860 Valid
EDI 3 0.821 Valid
RFID RFID 1 0.736 Valid
RFID 2 0.882 Valid
RFID 3 0.785 Valid
RFID 4 0.887 Valid
BC BC 1 0.866 Valid
BC2 0.723 Valid
BC3 0.832 Valid
BC 4 0.868 Valid
BC 5 0.853 Valid
T T1 0.850 Valid
T2 0.756 Valid
T3 0.874 Valid
FCCP Cl1 0.611 Valid
Cc2 0.584 Valid
C3 0.841 Valid
Cc4 0.787 Valid
C5 0.756 Valid
QS 1 0.792 Valid
QS 2 0.824 Valid
QS 3 0.763 Valid
SL 1 0.721 Valid
SL 2 0.842 Valid
SL 3 0.786 Valid
SL 4 0.713 Valid
SL 5 0.849 Valid
MI MI 1 0.858 Valid
MI 2 0.792 Valid
MI 3 0.896 Valid
Ml 4 0.820 Valid

questions comprehensively. The sample data’s tendency is
seen from the mean value of each indicator and variable.
The QS 2 indicator (4.445) has the highest mean value,
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which is very important because the mean value was higher
than 4.21 (Restuputri et al., 2020). This indicates that
respondents consider that continuous monitoring of cold-
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Table 4 Reliability of pilot test
Variable Cronbach’s alpha Evidence
EDI 0.814 Reliable
RFID 0.843 Reliable
BC 0.883 Reliable
T 0.749 Reliable
FCCP 0.930 Reliable
MI 0.860 Reliable
Table 5 Respondent’s profile of formal questionnaires
Profile Frequency Percentage (%)
Age

<18 11 5

18-25 175 79.5

26-33 8 3.6

34-41 5 23

42-49 14 6.4

> 50 7 32
Gender

Female 103 46.8

Male 117 53.2
Length of work

1-5 years 38 40.9

More than 5 years 55 59.1
Education level

High school 142 64.5

Diploma 14 6.4

Bachelor 118 53.6

Master 7 32

chain products is critical in the traceability system. Regular
monitoring is to ensure the quality and safety of its prod-
ucts and protected them from Coronavirus contamination.

Partial Least Square-Structural Equation Modeling
(PLS-SEM) Analysis

PLS-SEM analysis is used to analyze all constructs
between latent variables. This study is formed by the
manifest variable (indicator) reflective model and the
framework illustrated in Fig. 3. Blue circles represent
latent variables connected with other latent variables,
indicating the research hypothesis. Inside the blue circle,
there is an R-square value of the latent variable. Mean-
while, the number contained in each research hypothesis
between latent variables is the path coefficient value. The
yellow box represents the manifest variable which is the

L 4

measuring variable in this study. Each manifest variable’s
loading factor value is shown on the manifest variable
arrow to the latent variable. Green circles represent mod-
erating variables; managerial initiatives encourage trace-
ability system variables on the food cold chain’s
performance.

There are two types of model fit criteria in PLS-SEM:
outer and inner models. The outer model is a measurement
of the relationship between variables and manifest vari-
ables in terms of validity and reliability; in other words, the
outer model’s suitability evaluates the measurement model,
whereas the inner model is more about regression to assess
the effect of one variable on other variables (construct) or it
is known as the structural model evaluation (Hair et al.,
2010; Tenenhaus et al., 2005).
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Table 6 Descriptive statistics of formal questionnaires

Variable Indicator N Min Max SD Mean value Mean
EDI EDI 1 220 2 5 0.725 4.232 4.197
EDI 2 220 2 5 0.662 4.150
EDI 3 220 2 5 0.735 4.209
RFID RFID 1 220 2 5 0.754 4.209 4177
RFID 2 220 2 5 0.755 4.168
RFID 3 220 1 5 0.757 4.159
RFID 4 220 2 5 0.745 4.173
BC BC 1 220 2 5 0.744 4.186 4.289
BC 2 220 2 5 0.715 4.382
BC 3 220 2 5 0.708 4.345
BC 4 220 1 5 0.773 4.264
BC 5 220 2 5 0.680 4.268
T T1 220 2 5 0.709 4.150 4.195
T2 220 3 5 0.685 4.264
T3 220 2 5 0.707 4.173
FCCP Cl1 220 2 5 0.761 4.214 4.324
C2 220 1 5 0.736 4.168
C3 220 2 5 0.776 4.236
C4 220 2 5 0.787 4.273
C5 220 2 5 0.718 4.286
QS 1 220 2 5 0.743 4.400
QS 2 220 3 5 0.670 4.445
QS 3 220 2 5 0.700 4.409
SL 1 220 3 5 0.692 4.405
SL 2 220 2 5 0.687 4414
SL 3 220 2 5 0.703 4.241
SL 4 220 2 5 0.705 4.332
SL 5 220 2 5 0.696 4.386
MI MI 1 220 1 5 0.747 4.177 4.224
MI 2 220 2 5 0.741 4.164
MI 3 220 2 5 0.730 4.245
MI 4 220 3 5 0.712 4.309

Evaluation of Measurement Model

As explained in the previous section, evaluating the mea-
surement model is conducted by assessing the latent and
manifest (outer model) variables’ validity and reliability.
There are two types of validity in PLS-SEM, convergent
validity, which refers to the correlation of indicator items
with others, and discriminant validity, to determine how
constructs are entirely different. The convergent validity
between indicator constructs can be estimated based on the
loading factor (outer loading value) and the average variant
extraction (AVE) value, as shown in Table 7. Meanwhile,
in term of assessing discriminant validity in general, it is
done by testing the value of each cluster using the cross-
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loading test (Table 8) and then for a more robust assess-
ment by comparing the square AVE value or better known
as the Fornell-Larcker criterion (Table 9) (Fornell & Lar-
cker, 1981; Hair et al., 2011, 2016). In addition, this study
also discusses the size of the model fit, as shown in
Table 13. The analysis of the fit model using the PLS-SEM
index in this study uses standardized root mean square
residual (SRMR), normed fit index (NFI), and residual
covariance matrix. . root mean square (RMS_theta) (Hair
et al., 2016).

In general, reliability evaluation is defined by analyzing
Cronbach’s alpha value (Allen & Yen, 2002). However,
Cronbach’s alpha has been criticized because its lower
bound values tend to wunderestimate true internal
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Fig. 3 Initial model

consistency reliability and are sensitive to the number of
items on the scale (Nunnally, 1994; Peterson & Kim,
2013). Composite reliability as an alternative due to the
value is slightly higher than Cronbach’s alpha (Peterson &
Kim, 2013). Recapitulation of the value of composite
reliability is shown in Table 14.

The loading factor or outer loading value can describe
each indicator item’s value in measuring the variable. The
outer loading rating is less than 0.4, which is declared
weak, and less than 0.7 is declared weak (Hair et al., 2011).
Therefore, some researchers argue that the value of weak
outer loading should be excluded from the research model.
However, the deletion of these items will impact other
values. Before deletion, it needs to pay more attention to
the AVE value and the composite reliability value (Hair
et al., 2016; Hulland, 1999). Meanwhile, according to
(Ghozali, 2008), removing an indicator is when it has an
outer loading value below 0.6. AVE acceptance criteria are
declared valid if the value higher than 0.5 (Hair et al.,
2011).

Based on the recapitulation of the outer loading and
AVE values in Table 7, it can be seen that all indicator
items are declared valid because the value was higher than
the cutoff of the acceptance criteria for convergent validity.
In addition, there were still several indicator items with
weak outer loading values (< 0.7); there are items C 1, C 2,
C 3, SL 3, and SL 4, which were FCCP variable’s indi-
cators. However, the AVE value of the FCCP variable is
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still acceptable. The weak indicator item is included even
though it is the lowest AVE value among other variables.

The cross-loading test aims to determine the value of
each cluster. The acceptance criteria is declared valid if the
values between the indicators on the same variable are
higher than the indicators of other variables (Hair et al.,
2011, 2016). Based on this study’s cross-loading test
results show in Table &, all indicator items in each variable
are valid because all values in the gray box are higher than
the other values in a row. This indicates that the correlation
between indicator items and the variables is interrelated
and valid. They are continued to the Fornell-Larcker test
criteria to support discriminant validity.

In evaluating discriminant validity, the Fornell-Larcker
criteria also strengthen the outer model’s measurement
model. The Fornell-Larcker criterion is tested to determine
the correlation between variables in the research model
with the rule of thumb, the value on the diagonal of the
variable with the variable itself having to exceed other
values in a row or a column (Fornell & Larcker, 1981; Hair
et al., 2016). Table 9 lists the Fornell-Larcker test results
between variables and shows a relationship that does not
meet the acceptance criteria. The correlation value for the
FCCP variable is 0.724, which is still lower than the T—
FCCP variable correlation value of 0.735. This shows that
the Fornell-Larcker criteria are invalid. As in research
conducted by Restuputri et al. (2021), before analyzing the
model’s reliability, their research also ensures that Fornell—-
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Table 7 Initial convergent validity recapitulation

Variable Indicator Outer loading AVE Evidence
EDI EDI 1 0.813 0.653 Valid
EDI 2 0.846 Valid
EDI 3 0.763 Valid
RFID RFID 1 0.795 0.615 Valid
RFID 2 0.823 Valid
RFID 3 0.739 Valid
RFID 4 0.778 Valid
BC BC 1 0.716 0.588 Valid
BC 2 0.738 Valid
BC 3 0.802 Valid
BC4 0.788 Valid
BC 5 0.788 Valid
T Tl 0.766 0.606 Valid
T2 0.752 Valid
T3 0.825 Valid
FCCP C1 0.667 0.525 Valid
C2 0.647 Valid
C3 0.679 Valid
C4 0.741 Valid
C5 0.753 Valid
QS 1 0.742 Valid
Qs 2 0.789 Valid
Qs 3 0.786 Valid
SL 1 0.752 Valid
SL 2 0.751 Valid
SL3 0.670 Valid
SL 4 0.699 Valid
SL5 0.723 Valid
MI MI 1 0.771 0.623 Valid
MI 2 0.791 Valid
MI 3 0.801 Valid
MI 4 0.795 Valid
EDI T*MI 1.216 1.000 Valid

Larcker’s recapitulation is in accordance with the criteria.
This may occur because previously, we left the weak outer
loading indicators affecting other tests (Hair et al., 2016;
Hulland, 1999). We re-evaluated removing indicator items
with weak outer loading from the research model.

The deletion of items with the outer loading < 0.7 (C 1,
C 2, C 3, SL 3, and SL 4) has impacted other loading
values. This decision has also been taken before in Masu-
din et al., (2021a, 2021b)’s research. In their research,
before continuing the measurement model evaluation, they
ensured that all indicators had outer loading > 0.7 and the
AVE value > 0.5. Based on the recapitulation in Table 10,
all indicator items have exceeded the cutoff value of the
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outer loading and AVE criteria. Interestingly, due to the
five indicator items’ deletion in the FCCP variable, the
AVE value of the variable was increased by 0.084, and the
lowest AVE value became the variable BC.

Re-analysis was also conducted on the cross-loading test
to evaluate the discriminant validity. There are changes in
some correlation values between indicator items and vari-
ables, especially in the FCCP variable’s indicators. This
occurs because of the effect of deleting indicator items on
the same variable. However, the changes are insignificant
and are still within the criteria for acceptance of cross-
loading so that the value test for each cluster is declared
valid (Table 11).
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Table 8 Initial discriminant validity based on cross-loading

EDI RFID BC T FCCP MI T*MI
EDI 1 0.813 0.473 0.481 0.482 0.497 0.370 —0.152
EDI 2 0.846 0.544 0.551 0.490 0.536 0.429 — 0.106
EDI 3 0.763 0.510 0.468 0.483 0.558 0.502 — 0.197
RFID 1 0.500 0.795 0.511 0.548 0.539 0.387 —0.153
RFID 2 0.580 0.823 0.607 0.575 0.590 0.476 — 0.205
RFID 3 0.427 0.739 0.542 0.529 0.491 0.467 —0.178
RFID 4 0.466 0.778 0.582 0.547 0.538 0.379 — 0.150
BC1 0.486 0.576 0.716 0.509 0.489 0.419 —0.152
BC2 0.436 0.524 0.738 0.482 0.640 0.359 —0.144
BC 3 0.477 0.597 0.802 0.523 0.621 0.418 —0.218
BC 4 0.511 0.534 0.788 0.549 0.566 0.472 — 0.162
BCS5 0.462 0.512 0.788 0.528 0.561 0.471 —0.174
T1 0.479 0.550 0.536 0.766 0.521 0.387 — 0.029
T2 0.430 0.534 0.502 0.752 0.609 0.506 — 0.190
T3 0.494 0.553 0.542 0.815 0.583 0.486 — 0.086
Cl1 0.467 0.501 0.573 0.529 0.667 0.547 —0.152
c2 0.460 0.487 0.479 0.479 0.647 0.582 —0.211
C3 0.481 0.539 0.539 0.573 0.679 0.460 — 0.108
C4 0.543 0.582 0.630 0.543 0.741 0.540 — 0.201
C5 0.516 0.569 0.540 0.553 0.753 0.540 —0.215
QS 1 0.471 0.528 0.573 0.566 0.742 0.439 — 0.204
QS 2 0.522 0.566 0.632 0.575 0.789 0.441 — 0.221
QS 3 0.497 0.508 0.566 0.569 0.786 0.485 —0.249
SL 1 0.412 0.467 0.529 0.473 0.752 0.486 —0.224
SL 2 0.452 0.477 0.614 0.549 0.751 0.416 —0.240
SL 3 0.455 0.448 0.445 0.495 0.670 0.513 —0.211
SL 4 0.450 0.373 0.483 0.478 0.699 0.517 —0.238
SL 5 0.435 0.409 0.429 0.514 0.723 0.540 — 0.289
MI 1 0.396 0.471 0.479 0.574 0.537 0.771 — 0.264
MI 2 0.420 0.432 0.422 0.444 0.518 0.791 - 0.210
MI 3 0.446 0.421 0.423 0.459 0.595 0.801 —0.220
MI 4 0.431 0.396 0.444 0.394 0.535 0.795 — 0212
T*MI — 0.188 — 0219 — 0222 —0.132 — 0.294 — 0.287 1.000
Table 9 Initial discriminant validity based on Fornell-Larcker

BC EDI FCCP MI T*MI RFID T
BC 0.767
EDI 0.619 0.808
FCCP 0.749 0.657 0.724
MI 0.560 0.537 0.694 0.789
T*MI —0.222 —0.188 — 0.294 — 0.287 1.000
RFID 0.715 0.630 0.689 0.545 —0.219 0.784
T 0.677 0.601 0.735 0.592 —0.132 0.701 0.778
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After ensuring all of the outer loading indicator
items > 0.7, it turned out to impact the Fornell-Larcker
value that previously did not meet the validity acceptance.
Table 12 shows the final Fornell-Larcker value on the
diagonal correlation of the variable with the variable itself
has higher the other values in a row or a column. The
correlation value for the FCCP-FCCP variable, which was
previously valued at 0.724, increased to 0.781, and the T-
FCCP correlation, which was previously valued at 0.735,
became 0.697. So it can be said that the Fornell-Larcker
criteria have met the acceptance criteria, and the discrim-
inant validity is declared valid. In addition to the model
validity, we add information about the size of this study’s
model fit, presented in Table 13.

The SRMR describes the difference between the
observed correlation and the expected correlation matrix
model as an absolute measure of the fit criterion (Hair
et al., 2014). If the SRMR assessment criterion is less than

Table 10 Final convergent validity recapitulation

0.10 or 0.08 for the more conservative version, it is con-
sidered a fit model (Hu & Bentler, 1998). Based on the
results obtained, the SRMR is 0.070 < 0.10, stating the
model is fit.

The NFI is an additional measure of fit, which is the
value of the proposed Chi-squared model divided by the
zero model’s Chi-squared value (Bentler & Bonett, 1980).
The criterion for acceptance is that when the value
approaches 1, the better the model is fit. The NFI value of
this study is 0.912 or 91.2%, and the model is fit; in other
words, the model’s fit is acceptable.

Only the reflective model has an RMS_theta value that
explains how the outer model residuals are correlated. A
good correlation is when the RMS_theta value is close to
zero, which means that the outer residual correlation is
minimal. In this study, the RMS_theta value was obtained
at 0.103, indicating that the model is fit because it is less
than 0.12 (Hair et al., 2014). Based on the three parameters

Variable Indicator Outer loading AVE Evidence
EDI EDI 1 0.813 0.653 Valid
EDI 2 0.846 Valid
EDI 3 0.763 Valid
RFID RFID 1 0.795 0.615 Valid
RFID 2 0.823 Valid
RFID 3 0.739 Valid
RFID 4 0.778 Valid
BC BC1 0.716 0.588 Valid
BC2 0.738 Valid
BC 3 0.802 Valid
BC 4 0.788 Valid
BC5 0.788 Valid
T T1 0.766 0.606 Valid
T2 0.754 Valid
T3 0.813 Valid
FCCP C4 0.747 0.609 Valid
C5 0.770 Valid
QS 1 0.793 Valid
QS 2 0.826 Valid
QS 3 0.826 Valid
SL 1 0.767 Valid
SL 2 0.782 Valid
SL5 0.727 Valid
Ml MI 1 0.777 0.622 Valid
MI 2 0.783 Valid
MI 3 0.803 Valid
MI 4 0.793 Valid
Moderating effect (MI supports FCCP to adopt T) T*MI 1.217 1.000 Valid
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Table 11 Final discriminant validity based on cross-loading

EDI RFID BC T FCCP MI T*MI
EDI 1 0.813 0.473 0.481 0.482 0.457 0.37 —0.152
EDI 2 0.846 0.544 0.551 0.49 0.511 0.429 — 0.107
EDI 3 0.763 0.51 0.468 0.483 0.53 0.501 —0.198
RFID 1 0.500 0.795 0.511 0.548 0.522 0.386 — 0.154
RFID 2 0.580 0.823 0.607 0.575 0.560 0.476 — 0.205
RFID 3 0.427 0.739 0.542 0.530 0.459 0.468 — 0.180
RFID 4 0.466 0.778 0.582 0.547 0.526 0.381 —0.152
BC 1 0.486 0.576 0.716 0.509 0.448 0.419 — 0.155
BC 2 0.436 0.524 0.738 0.482 0.63 0.36 — 0.144
BC3 0.477 0.597 0.802 0.523 0.626 0.418 —0.219
BC 4 0.511 0.534 0.788 0.55 0.533 0.473 — 0.164
BC5S 0.462 0.512 0.788 0.528 0.542 0.472 —0.176
T1 0.479 0.550 0.536 0.766 0.494 0.389 - 0.029
T2 0.430 0.534 0.502 0.754 0.590 0.507 - 0.192
T3 0.494 0.553 0.542 0.813 0.541 0.488 — 0.086
Cc4 0.543 0.582 0.630 0.543 0.747 0.541 —0.202
() 0.516 0.569 0.540 0.554 0.770 0.540 —0.216
QS1 0471 0.528 0.573 0.566 0.793 0.442 — 0.205
QS 2 0.522 0.566 0.632 0.575 0.826 0.442 —0.221
QS 3 0.497 0.508 0.566 0.570 0.826 0.487 - 0.250
SL 1 0.412 0.467 0.529 0.473 0.767 0.486 - 0.226
SL 2 0.452 0.477 0.614 0.549 0.782 0.419 —0.242
SL 5 0.435 0.409 0.429 0.514 0,727 0.539 — 0.290
MI 1 0.396 0.471 0.479 0.574 0.503 0.777 — 0.265
MI 2 0.420 0.432 0.422 0.444 0.441 0.783 —0.210
MI 3 0.446 0.421 0.423 0.459 0.546 0.803 —0.221
MI 4 0.431 0.396 0.444 0.393 0.474 0.793 - 0.211
T*MI — 0.188 —0.221 —0.224 —0.133 - 0.297 —0.288 1.000
Table 12 Final discriminant validity based on Fornell-Larcker

BC EDI FCCP MI T*MI RFID T
BC 0.767
EDI 0.619 0.808
FCCP 0.723 0.619 0.781
MI 0.560 0.537 0.626 0.789
T*MI — 0224 —0.188 —0.297 — 0.288 1.000
RFID 0.715 0.630 0.660 0.545 - 0.221 0.784
T 0.677 0.601 0.697 0.595 —0.133 0.701 0.778

of the fit model analyzed, it can be concluded that the
model has shown a good fit. Similar findings with Masudin
et al., (2021a, 2021b) research examined the effect of
traceability on humanitarian logistics performance. The
research obtained an SRMS value of 0.081, NFI of 92.3%,
and RMS_theta of 0.099, which indicates the right model.

L 4

The reliability test’s composite reliability parameters
aim to know the relationship of the load outside the con-
struct, which is insufficient if using Cronbach’s alpha
parameters (Fornell & Larcker, 1981; Hair et al., 2016).
The composite reliability parameter’s acceptance criteria
are when the value is between 0.6 and 0.7, including
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Table 13 Recapitulation of model fit

PLS-SEM index

Estimated model

SRMR
NFI
RMS_theta

0.070
0.912
0.103

having moderate and acceptable reliability. In contrast, if
the value of composite reliability reaches 0.7 to 0.9, it is
declared strong. In Table 14, a recapitulation of this study’s
composite reliability value is listed. The lowest value of
0.822 belongs to the traceability system (T) and the highest
of 1.000 for the moderating effect between the traceability
system and managerial initiatives (T * MI). Based on the
composite reliability parameter’s acceptance criteria, all
variables are declared reliable with a strong level of reli-
ability and show the magnitude of the phenomenon for all
the identical indicator items in the same construct.

Evaluation of Structural Model

Structural model evaluation was conducted to evaluate the
inner relationships of this research model. Figure 4 shows a
valid and reliable research model. Furthermore, the model
has analyzed the coefficient of determination and path
coefficient.

The coefficient of determination or R-square describes
the latent variable’s variance explained by other latent
variables (Hair et al., 2011, 2016). In Fig. 4, the R-square
value is shown on the endogenous variable icon; the
traceability system variable is 0.572, and the food cold
chain performance variable is 0.575. The R-square value of
the two endogenous variables was included in the predic-
tion accuracy moderate because the values ranged from
0.33 to 0.67 (Ghozali, 2008). This shows that the trace-
ability system variable can be defined by 57.2% and the
remaining 42.8% contribution of other variables that are
not discussed in this study. The food cold chain

Table 14 Reliability of formal questioners

performance variable can be defined by 57.5%, and the
remaining 42.5% are not discussed in this study. Those
values defined more than half of the total explanation
required. Masudin and et al., (2021a, 2021b), in their
research on the humanitarian logistics performance vari-
able, obtained an R-square value of 57.3%, which also only
defined half of the overall explanation for the variable.

Path coefficient analysis explains latent variables’ rela-
tionship to other latent variables by knowing the direction
of these variables (positive or negative) (Hair et al., 2016).
Table 15 summarizes the path coefficient values obtained
using a bootstrapping technique. The path coefficient cri-
teria are less than 0.15, which is considered weak, the
values of 0.15—0.45 are stated to be moderate, and if the
value is more than 0.45, it is declared strong (Cohen,
1992). As many as five variables in the research model
show a moderate to a strong positive relationship, only the
moderating effect variable negatively correlates with the
food cold chain performance variable.

Hypothesis Testing

Hypothesis testing aims to determine the influence of
exogenous, endogenous, and moderating variables. The test
acceptance criteria if the T-statistical value > T-table or
P-value < level of significance (o) (Hair et al., 2016). This
study uses a significant level of 5% with a two-tailed test,
so the T-table value used is 1.96. The following are the
results of hypothesis testing using bootstrapping
techniques.

Variable Composite reliability Evidence
EDI 0.849 Reliable
RFID 0.865 Reliable
BC 0.877 Reliable
T 0.822 Reliable
FCCP 0.926 Reliable
MI 0.868 Reliable
Moderating effect (MI supports FCCP to adopt T) (T*MI) 1.000 Reliable
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Table 15 Path coefficient recapitulation
Variable T FCCP
EDI 0.180
RFID 0.375
BC 0.297
T 0.511
MI 0.279
Moderating effect (MI will support FCCP to adopt T) —0.122

The evaluation using bootstrapping techniques affects
the acceptance of this research hypothesis. The following is
a further explanation of the findings in Table 16.

H1 T has a significant effect on FCCP.

The statistical value calculation for the relationship
between T and FCCP variables obtained a t-statistic value
of 9.656 and a p-value of 0.000. These results are met with
the acceptance criteria of the hypothesis test. Therefore, it
can be concluded that the traceability system has a positive
and significant effect on the performance of the food cold-
chain. Furthermore, this hypothesis has the highest
t-statistic value among other variables, which shows that
the traceability system’s impact in obtaining information
data along the cold-chain chain helps improve industrial
performance during the Covid-19 pandemic. These results
are relevant to previous studies.

L 4

The ongoing Covid-19 pandemic has triggered social
restriction policies that disrupt activities along the food
cold-chain. The possibility of virus contamination in food
cold chain products requires a health protocol during the
product handling process. This caused increased processing
time and reduced worker movement. The characteristics of
most food cold chain products are easily damaged and have
a relatively short product life, so it needs to be handled
quickly and swiftly in order to keep a good product quality
(Bogataj et al., 2005; Shabani et al., 2015; Shashi et al.,
2018). Slow and uncontrolled handling can cause food
losses triggered by food damage before it reaches the end
consumer. This phenomenon creates an unusual routine for
workers. One of the managerial tasks, in this case, involves
the creation or promotion of dynamic capabilities.
Dynamic capabilities spur managerial initiatives to modify
the company’s resource base or regular routines and will
increase management control capabilities in general
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Table 16 Bootstrapping recapitulation

Hypothesis Relationship description T-statistic P-value Evidence

Hl T has a significant effect on FCCP 9.656 0.000 Significant
H2 EDI has a significant effect on T 2.486 0.013 Significant
H3 RFID has a significant effect on T 5.018 0.000 Significant
H4 BC has a significant effect on T 3.884 0.000 Significant
H5 MI supports FCCP to adopt T 3.428 0.001 Significant
H6 MI has a significant effect on FCCP 4.667 0.000 Significant

(Huber, 2011; Volberda, 2003; Winter, 2003). Managerial
initiatives also need operational flexibility to respond to
expected changes rapidly and aim to maximize efficiency
and minimize risk in volatile markets (van der Weerdt
et al., 2012; Volberda, 1996; Zollo & Winter, 2002).

The traceability system can ensure the product’s con-
dition while monitoring the product storage temperature
(Joshi et al., 2011). Proper temperature control along the
food cold-chain is needed to reduce microbial growth to
prevent micronutrients in food products (Joshi et al., 2011;
Liao et al., 2011; Shashi et al., 2018). Moreover, suppose a
case of Covid-19 contamination is found in the food cold-
chain. In that case, the traceability system can help trace
the origin of the product and facilitate handling other
Covid-19 cases. Extra services with a traceability system
can increase customer satisfaction and trust in food cold
products’ quality and safety (Joshi et al., 2011). Thus, a
good and effective traceability system helps improve the
food cold chain’s performance during the Covid-19
pandemic.

H2 EDI significantly affects T.

The calculation of the EDI variable’s statistical value
with the T variable obtained a T-statistical value of 2.486
and a p-value of 0.013. These results have met the criteria
for acceptance of the hypothesis test. Therefore, it is con-
cluded that the variable adoption of electronic data inter-
change has a positive and significant effect on the
traceability system variable. However, it should also be
noted that the EDI variable has the lowest considerable
value compared to other technology adoption variables
(RFID and blockchain). This shows that electronic data
interchange adoption has a low effect on the traceability
system of food cold-chain product data information during
the Covid-19 pandemic.

In addition to the advantages offered, EDI technology
also has several disadvantages such as complicated use and
sizeable initial capital costs, and does not even have the
security required by some companies (Scala & McGrath,
1993). Increasing the ability to track product units along
the supply chain will be more effective and efficient if it
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relies on EDI technology in its internal management sys-
tem (Hu et al., 2013). EDI allows fast and accurate data
transmission and a minimum of recurring errors (Scala &
McGrath, 1993). This can improve the relationship
between customers and suppliers, which helps flexibility in
responding to changes in demand and unexpected supply
disruptions during the Covid-19 pandemic (Hobbs, 2020;
Scala & McGrath, 1993).

H3 RFID has a Significant Effect on T.

Based on statistical calculations, the t-statistic value for
the T variable’s RFID variable is 5.018, and the p-value is
0.000. Thus, both values have met the acceptance criteria
of the t-statistic and p-value parameters. Thus, it can be
concluded that the variable radio frequency identification
adoption has a positive and significant effect on the
traceability system variable. Interestingly, the RFID vari-
able is the technology adoption variable that has the most
significant value. This shows that RFID technology is
influential and effective in helping traceability systems
collect better information on the food cold-chain during the
Covid-19 pandemic. These results are also relevant to
previous studies.

RFID technology’s potential in wholesale supply chain
traceability systems is proved to provide operational effi-
ciency and increase product stocks’ transparency with a
short shelf life (Kirkkdinen, 2003). This may happen
because RFID has a tag that makes it easy-to-access
information on the product’s date of use (Nicola et al.,
2020). In addition, RFID technology is also applied to food
cold chains to monitor product temperature along the chain
(Abad et al., 2009; Badia-Melis et al., 2015; Jedermann
et al., 2009; Ruiz-Garcia et al., 2010; Zou et al., 2014).
Temperature control errors are among the top five food
quality and safety risks in the food cold-chain (Wu &
Hsiao, 2020). The possibility of food losses due to
decreased product quality and safety occurred during the
Covid-19 pandemic and impacted the food cold-chain
(Masudin & Safitri, 2020). In addition, it currently requires
a monitoring system along the food cold-chain to anticipate
Coronavirus transmission in food colds (Han et al., 2021).
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H4 BC has a Significant Effect on T.

Based on Table 16, the relationship between the variable
BC and the variable T obtained a t-statistic value of 3.884
and a p-value of 0.000. These results also meet the
acceptance criteria of the hypothesis. So, it can be con-
cluded that the blockchain adoption variable has a positive
and significant relationship to the traceability system.
Blockchain technology was able to help the food cold-
chain traceability system during the Covid-19 pandemic.
These results are relevant to previous studies on a similar
topic.

Food safety and consumer confidence in the food
industry can be significantly improved by utilizing block-
chain technology (Tian, 2016). Blockchain technology can
provide real-time information to all entities in the supply
chain. In addition, blockchain can also reduce the risk of
centralized information systems, more secure, distributed,
transparent, and collaborative. This capability certainly
makes it easier to monitor food quality and safety tracing.
As previously explained, there are case findings that the
Coronavirus can survive and be stable for 14-21 days in
cold and freezing conditions. With comprehensive and
real-time monitoring, blockchain can assist the safety and
quality of products in the food cold-chain during the
Covid-19 pandemic (Han et al., 2021). Blockchain tech-
nology in helping the traceability system is quite important
given the many advantages it has.

HS MI supports T adoption on FCCP improvement.

Based on the hypothesis test in Table 16, it is found that
the t-statistical value of the MI variable in supporting the
adoption of the T variable in the FCCP variable is 3,428,
and the p-value is 0.001. These results have met the
acceptance criteria of the hypothesis. However, based on
the bootstrapping results in Table 14, the managerial ini-
tiative variable shows a negative relationship with the food
cold chain performance variables. Therefore, it can be
concluded that managerial initiatives negatively support
traceability system adoption on food cold chain perfor-
mance improvement.

This finding is different from the previous research
conducted by Lewis and Boyle (2017). His study shows the
positive influence of industry-leading initiatives, pre-com-
petitive collaboration, partnerships, and government
involvement in improving the traceability system. This
difference may occur because sometimes, the participation
of certain parties can cause a negative influence. Collier
et al. (2004) explained that cultural inertia, increased pol-
itics, and more constrained strategy could negatively affect
the quality of strategic decisions and implementation effi-
ciency. Over-initiative tends to lead to unnecessary inter-
ference and may result in an ineffective strategy. When
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power and politics are very dominant, it can distort infor-
mation and reduce strategic decisions’ quality. The urgency
of fulfilling needs during the Covid-19 pandemic has
triggered many parties to abuse their policies to gain per-
sonal benefits. Therefore, implementing a traceability sys-
tem to improve food cold chains’ performance requires the
involvement of managerial initiatives that are more struc-
tured and strategic.

H6 MI significantly affects FCCP.

The hypothesis testing results indicate that managerial
initiatives positively and significantly affect the food cold
chain’s performance. This conclusion is based on the
t-statistic of the management initiative variable on the
FCCP variable. It shows that t-statistics is 4.667 > tipe
(1.96) and the p-value of 0.000 < sig (0.05). This is in
accordance with several previous studies which state that
added value for customers and company/supply chain
performance can be improved thanks to initiatives such as
pressure from stakeholders (Baert et al., 2012; Kumar
et al., 2013; Martinez-Jurado & Moyano-Fuentes, 2014;
Reuter et al., 2012). For example, food safety status can be
increased by creating a food policy or initiative taken by
risk managers in the food industry (Baert et al., 2012). This
allows for an increase in the food cold chain’s performance
due to stakeholder involvement in decision-making or
strategy. During the Covid-19 pandemic, an effective and
efficient policy was needed because, as previously dis-
cussed, the food cold chain means dealing with easily
damaged products. The quality of food cold products will
gradually decline if it is not handled properly (such as
temperature monitoring or human handling). There needs
to be concern and participation from all parties to realize
good quality and safety in the food cold-chain during the
pandemic because it is prone to Coronavirus transmission.
So, the most important thing from the harmful effect of
decreasing product quality and safety is the possibility of
reduced food losses.

Managerial Implications

This section is expected to provide theoretical contribu-
tions to improve the food cold chain’s performance. The
compilation of managerial implications is based on the
indicators with the highest factor loading values on
exogenous and moderating variables. Researchers gave the
following suggestions to parties in the food cold-chain
during the Covid-19 pandemic:

1. Adopting electronic data interchange technology as a
communication system between food supply chain
suppliers and consumers during the Covid-19
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pandemic is beneficial. One of EDI technology’s
advantages is that it allows for the fast distribution of
information and the minimum number of errors (Scala
& McGrath, 1993). In other words, this technology has
a high level of information accuracy. However, in
reality, companies view EDI as a tool to increase
efficiency and accommodate customer needs rather
than suppliers (Hill & Scudder, 2002). Therefore, more
attention is needed because EDI between suppliers and
consumers (such as retail) can provide ordering
accuracy and transparency in the food cold-chain
during the Covid-19 pandemic.

2. The food supply chain information can be accessed
quickly and easily during the Covid-19 pandemic. As
explained in the previous section, fast and easily
accessible information is very important because cold-
chain products tend to be short-lived. Radio frequency
identification technology can help provide information
more effectively and efficiently because it uses large
memory and automatic scanning simultaneously (Aung
& Chang, 2014b). The advantages of RFID make it
possible to help the availability of information systems
easily accessible during the Covid-19 pandemic.

3. The security of the entire network on the food supply
chain is guaranteed during the Covid-19 pandemic.
The blockchain database system integrates all data
blocks and creates a distributed network (Tian, 2016).
The blockchain’s massive database system concerns
some parties regarding the data’s security being stored.
Moreover, all information on the blockchain is trans-
parent, open, neutral, and reliable (Tian, 2016).
Therefore, the security of the blockchain system needs
to be considered so that data are not easily damaged.

4. Food cold product supplier initiatives in traceability
technology can increase the food cold chain’s effec-
tiveness during the Covid-19 pandemic. The traceabil-
ity system has proved to improve the performance of
food cold-chain during the Covid-19 pandemic. How-
ever, the implementation of a good traceability system,
of course, depends on the user whether it has been
implemented optimally or not. Therefore, suppliers of
the last goods (before retail) play a significant role in
product availability. Therefore, an industry can be
encouraged with good leadership to generate a strategy
for quality assurance and traceability along the supply
chain.
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Conclusion and Limitations
Conclusion

This study discusses how food cold-chain performance can
be improved during the current Covid-19 pandemic
worldwide. Adopting an information system can help trace
product data information on the possibility of Coronavirus
transmission. The researcher added that managerial initia-
tives were the driving factor for the adoption of the
traceability system. Six research hypotheses were formu-
lated based on previous research literature studies with a
similar topic. A total of 250 respondents from various
Indonesian regions participated in this study to answer the
32 questions given in a questionnaire. Finally, the data
were collected and analyzed further in Sect. 5, along with a
detailed discussion.

Many previous studies have presented descriptions of
what impacts the Covid-19 pandemic has had on the food
industry. Starting from food safety issues, product avail-
ability, and food losses caused by deteriorating food
quality. This study shows that traceability system tech-
nologies such as EDI, RFID, and blockchain are beneficial
for food cold-chain during the Covid-19 pandemic. By
equipped with various advantages, these technologies can
facilitate easy-to-access information and monitor food
cold-chain. However, it should be noted that excessive
involvement in managerial initiatives can make things
worse. The excessive interference from the dominant party
in their power can disrupt adopting the traceability system.

Limitations

This research has limitations which are the scope of the
study. This research only refers to the needs of users and
retail employees who have consumed and or handled cold-
chain products. In addition, responses were collected based
on the perspective of the Covid-19 pandemic in Indonesia.
It is expected that the proposed application of a traceability
system with managerial initiatives can help improve the
performance of food cold chains in Indonesia, as summa-
rized in the managerial implication. Future studies can use
different respondents and circumstances/perspectives or
use different variables in adopting a traceability system to
improve the performance of food cold chains. Different
methods for selecting traceability system requirements are
also possible, such as clustering indicators by calculating
their weights.
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Key Questions

1. What are the important elements that affect supply chain
agility and organizational flexibility?

2. What are the factors that affect the performance of the food
cold chain?

3. How do managerial initiatives moderate the relationship
between traceability systems and food cold chain
performance?
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