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Abstract: The COVID-19 pandemic has demonstrated the vulnerability of global supply chains - the failure
of one link in the supply chain can lead to numerous supply disruptions. The current study examines the main
supply chain problems associated with the spread of the coronavirus and their ranking based on the perceived
importance among the Russian shop owners. The study found the key factors of risks and uncertainty that
might have disrupted the food supply chains in Russia during the COVID-19 pandemic and are source of food
insecurity if not managed propetly. These factors were identified through the literature, and later, based on the
primary data collected from the grocery and catering shop owners in Russia, they were ranked using the Grey
Relational Analysis model. The study found that traceability and logistical issues are perceived to be the most
critical factors that have disrupted the food supply chain in the country.
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1. Introduction

The COVID-19 crisis has impacted supply chain systems around the world. A necessary
function is to ensure the secure movement of food products in the supply chain. This is considered
desirable to support consumer confidence in food safety, particularly during a pandemic. Food
security is a public health priority, although the coronavirus is not spread through food. But this
has had a significant impact on food security. Although in Russia, the impact of the pandemic on
the food supply chain was not so critical, the pandemic has again drawn people's attention to issues
related to food safety.

The actual food supply chains were hit hardest during the pandemic. According to expert
estimates, losses the Russian transportation sector incurred at the beginning of May 2020 amounted
to 230 billion rubles, most of which fell on the aviation segment, which practically stopped logistics
operations (Kuleshova & Kuskov, 2020). Along with this, storage facilities for food and drinks
were also damaged. Likewise, rising labor costs due to labor shortages put upward pressure on
operating costs. Given the duration of the pandemic, personnel management is of the utmost
importance in areas that will require additional work from the outbreak onset to several weeks
when contractors can make a significant contribution. The scale of the outbreak may also vary, and
so far, the infection has been localized with some degree of global impact (Luckstead ez a/, 2021).
The pandemic has provided an opportunity for the people to make such changes to our food
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systems so that the future disruptions can be avoided. Now consumers have become very serious
about food safety and the technology that provides it.

The globalization of supply chains has greatly complicated food systems and created information
asymmetries between food producers and consumers. As a result, there is a growing need for
greater transparency of food origin, cultivation, collection and production methods, and working
and impact on the environment (Kulikova & Suvorova, 2021). The structure of incomes of the
subjects of the world agri-food market is characterized by the share participation of its individual
participants in the chain in the formation of the aggregate volume of proceeds from the main types
of agricultural products consumed by the population. Specific weights differ by sales channels,
number, and subject composition of participants in the food supply chain in the agri-food market
(Kuleshova & Kuskov, 2020). The conducted studies made it possible to detect discrepancies in
the profitability of market elements in the context of implementing the functional task of providing
information on volumes and nomenclature. Subject to the freedom to choose the channel for the
sale of agricultural products, their quality, and delivery time, taking into account market conditions.
Therefore, the current study argues that what are the key factors influencing the food security in
Russian during the pandemic? How different factors differ from each other interms of their impact
on the food supply chain as per the shopkeepers, who are an integral bridge between the food
consumers and producers.

The rest of the article is organized as follows: the next section is devoted to a brief overview of
the relevant research. Section 3 talks about the method of collecting information and processing it.
Section 4 discusses the data and results. Finally, Section 5 concludes the study.

2. Background

Due to the impact of COVID-19, the global logistics system is faced with a crisis, the scale of
which is a threat to the entire Russian economy. Improved border inspections and customs
procedures increased delays, reduced delivery performance, and created severe logistics challenges
(Verbitskaya, 2021). With globalization and the complexity of the supply chain, food hygiene risks
are on the rise, and with infectious diseases and health hazards from food occurring all over the
world today, food safety is becoming one of the major sustainability challenges the world must
address (Kopteva 7 al, 2020). In the food chain, at least in the short term, the main challenges
relate more to supply and logistics than production. Due to the uncertainty in this process,
countries prioritize the sustainability of their food systems and impose significant restrictions on
agticultural and food exports. Cross-border restrictions at the country and/or city level also pose
logistical problems. While food logistics is given flexibility, delays caused by restrictions can lead
to food degradation, waste, and higher prices (Voronetsky, 2021). Ensuring food security is not
aimed at the productive activities of organizations and agro-industrial complexes but primarily at
increasing the level of vital life sustenance of the population and raising the level of the general
welfare of the Russian economy. Thus, food security is considered one of the essential links in the
national security system of Russia.

The COVID-19 pandemic has changed the ways and methods for monitoring food safety, now,
inspections are carried out remotely, so companies need to find ways to improve technological
resources for food auditing (Rejeb ez @/, 2020). Post-pandemic travel restrictions and isolation
procedures have limited the ability of food certification bodies to conduct on-site regulatory audits
and issue certifications to participants in the food supply chain. Food inspectors are responsible
for regulating and identifying contamination that can lead to food loss, high prices, and food
insecurity. If appropriate food management processes are not developed, all supply chain stages
may suffer as a result. And in connection with the pandemic, many companies were forced to
switch to remote auditing, but it was also found that many grocery stores and restaurant owners
do not believe that remote auditing can fully verify the quality of food products.

In the current situation, it is difficult to maintain routine activities without interruption, such as
inspection of food business operations, export certification, control of food imports, monitoring
and supervision of the safety of the food supply chain, etc. Traceability will help improve control
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of the food supply chain to ensure the quality, taste, and safety of all products sold (Kulikova &
Suvorova, 2021). Monitoring every step of the food chain is essential for grocery shops and catering
to achieve these goals. One way to ensure that inventory is poorly tracked in stores and warehouses
and that food is not wasted is to track current inventory throughout the supply chain. Guided by
the literature review, some challenges and issues faced by the food supply chain during COVID-19
are listed in Table 1.

3. Research methodology

3.1 Data collection

Several owners of the grocery stores and catering businesses in the Republic of Sakha (Yakutia),
Kobyaysky District, Russia, were approached. From all those who expressed interest, forty-four of
actively participating in the survey. Most of the respondents were female (52.3%) and rest (47.7%)
were males. Most of the respondents were grocery store owners (61.4%) and rest were the public
catering owners (38.6%). Most of the respondents were adults of age ranging from 40 to 49. Most
of them (52.3%) were in the business for 4 to 6 years. A link to an online questionnaire in the
Russian language was sent to them electronically with a request to fill it. The questionnaire had two
parts, the first one contained four demographic questions, and the second involved seven core
questions. The core questions were built from the factors reported in Table 1. The core questions
were like this: "Do you think the increase in customs clearance time during the pandemic affects

Table 1. Challenges and issues being faced by food supply chain during COVID-19

Code Challenges Description Reference
*The pandemic has had a major impact on the work of
International | customs authorities and has generally changed the conditions Verbitskava
F1 customs for international customs cooperation. *Parties to foreign (2021) y
clearance issues | economic activity should develop special conditions, namely
clauses on the risks of a pandemic spread
*There are difficulties such as increased transport costs
. caused by changes in lead times, extended shipment times
Transportation o g . ’ P Kuleshova
L and additional prevention and control measures.
F2 and logistical .. . . and Kuskov
. *Participants in the food supply chain are forced to comply
issues . . . . (2020)
with regulations to prevent C19 contamination and incur
additional transportation costs.
New *Daily disinfection of vehicles before entering the "clean
. area", regular testing of drivers for COVID, full equipment
requirements " . . Kopteva ez
F3 of staff. *A separate checklist was also developed aimed at
for food . . . . al. (2020)
suppliers monitoring control points for the prevention of coronavirus
PP COVID-19.
*Currently, there is no company that could independently
organize a completely transparent supply chain. This requires Kulikova
P4 Visibility and | the establishment of cooperation between partners using and
traceability common standards and databases, thereby accelerating Suvorova
capacity development, smoothing out uncertainty in (2021)
decision-making in joint work
*Post-pandemic travel restrictions and isolation procedures
. have limited the ability of food certification bodies to Rejeb ez al.
F5 Food audits . . . e
conduct on-site regulatory audits and issue certifications to (2020)
participants in the food supply chain.
F6 Air *Violation of air transportation affects perishable expensive Voronetsky
transportation | products, primarily fruits and vegetables. (2021)
*Redistribution of companies in the transport market.
*Developed provision of consolidated cargo services. Kuleshova
Post-crisis *Development of transport services focused on domestic
F7 oo . . and Kuskov
trends transport. *Redistribution of freight traffic to rail transport. (2020)
*Application of new transport technologies in the provision
of transport services.
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food safety in the supply chain?". Data was collected on 7-point Likert scale, where 7 = strongly
agree and 1 = strongly disagree. The complete questionnaire can be obtained from the author at a
reasonable request. Table 2 presents the demographic information of survey participants.

3.2 Grey Relational Analysis

Grey System Theory was proposed in 1982 by the Chinese scientist Deng Julong (Deng, 1982;
1989). The theory is particularly useful to handle problems containing partially known and partially
unknown information, small samples, and when data does not follow any particular distribution
(Javed & Cudjoe, 2022; Javed e al., 2020). Grey Forecasting (Tian ez al., 2021; Laksito & Yudiarta,
2021), Grey Numbers (Shajedul, 2021; Mahmoudi ¢z /., 2021), and Grey Relational Analysis (GRA)
form the core of Grey System Theory. Angela and Angelina (2021) used the GRA to evaluate the
hospitality sectot's suppliet selection criteria. Fahim ez a/. (2021) used the GRA to evaluate batriers
affecting university enrollment. Mahmoudi ef a/. (2020) and Sheikh ef a/. (2021) used the GRA in
project management. Abifarin ez 4/ (2021), Obara ez al. (2021), and Abifarin (2021) used the
Taguchi-based GRA for the engineering optimizations. Peng ef a/. (2021) used the GRA to rank
China's healthcare resource factors. Rao ez a/ (2021a) used the GRA for the assessment of energy
poverty. Shahzad er a/. (2020) used the GRA to find the relationships of environmental
sustainability to green innovation, and corporate social responsibility. Thio (2021) used a GRA-
based approach for site selection in Indonesia. Ikram ez a/. (2020) used the GRA for the assessment
of the CO» emissions in the selected countries. Irfan ez a/ (2021) used the GRA to analyze the
relationship between temperature and COVID-19 transmissibility in Pakistan. Han e# a/. (2019)
applied the GRA to build a risk assessment model for quality and safety in the food industry. Grey
Relational Analysis is a model for quantifying related factors that affect a target sequence.

Let the ideal sequence is yg = (yo(l), vo(2),..., Y0 (n)), and the reference sequence is y; =

(y:(1),5:(2), ..., y;(n)),i = 1,2, ...m, where in the current study m = 7, the total number of

risks identified through the literature. The grey relational grade (GRG) is the average of the grey
relational coefficients (GRC) and is given by (Mahmoudi ez a/, 2020):

n
GRGo; = %Z GRCy; (k) M)
k=1
where,
mingming|yo (k) — yi (k)| + §maxomax;|yo (k) — yi (k)|
GRCo; (k) = ey
lyo(k) — yi (k)| + §maxomax;|yo (k) — y; (k)|
Table 2. The demographic profile of the respondents (N = 44).

No. %

Gender Female 23 52.3

Male 21 47.7

20-29 2 4.5

30-39 5 114

Age 40-49 31 70.5

>50 6 13.6

<1 year 3 6.8

Work experience 123 years i 152

4-6 years 23 52.3

6 above 10 22.7

Grocery shop 27 61.4

Industry - -
Public catering 17 38.6
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In the current study, & = 0.5. Later, the risk factors can be ranked in an order based on the value
of GRG, whereas a higher value of GRG implies a more important risk factor, and a lower value
of GRG indicates a less important risk factor.

4. Results

This study's practical significance is identifying the main factors affecting food safety in the
supply chain, followed by its grey relational evaluation. Thanks to the data obtained during the
survey, it can be concluded that COVID-19 made its own changes and affected the supply chain
only because the world was not ready for such a radical change. The main conclusions that can be
reached during the study of this topic and the results are that the impact of COVID-19 has led to
a change in the supply chain and new high-risk trends. And the importance of this study is that
food safety is a public health priority. In addition, efficient transportation reduces or prevents
wasted time and materials by helping supply chain participants get their products to the right place
on time. Delayed shipment can affect the next stages of the supply chain, cause food waste, increase
costs and damage the company's reputation. COVID-19 has mainly caused delays in the supply
chain, and delays in shipment and handling of products can affect the supply chain, cause food
waste, increase costs and damage a company's reputation.

Table 3 and Figure 1 show the results. Many respondents noted that the increase in customs
clearance times during the pandemic and the increase in delivery times led to additional
transportation costs (F1; F2; F7). It was also found by a majority vote that new requirements for
suppliers (daily disinfection of vehicles and regular testing of drivers for COVID-19) may well
affect food safety (F3). It is true that no one company currently can organize a completely
transparent supply chain. It was clear from the data collected through the questionnaire that the
respondents believed that the traceability of goods had become a serious problem in the food
supply chain during the COVID-19 pandemic (F4). In addition, many problems that need to be
addressed by coexisting with the coronavirus, such as a shortage of truck drivers, long working
hours, and the narrowing that some consumer markets are overcrowded. Drivers and other
personnel who deliver to food facilities should not leave their vehicles when delivering food.
Drivers must be provided with alcoholic hand sanitizer and wipes. Based on the collected data, it
was found that the lack of labor can also affect food safety in the supply chain (FF5). Russian air
transportation suffered the most. Violation of air transportation affects expensive perishable
products, primarily vegetables and fruits (F6). As a result, F2 and F5 are the most important, so
you will find that most of the respondents feel that remote audits cannot fully test the quality of
food. In addition, it was found that transport and logistics problems caused by the COVID-19
pandemic pose a more significant threat to the food supply chain. These are the factors that deserve
special attention by the food policymakers and effective handling of them is of paramount
importance for the food security in Russia. Also, if one looks at these top ranking factors one can
see that these are the risks that are hard to be resolved automatically by the market forces and
hence strong support from the government is necessary.

Table 3. The grey relational grades and ranks of the seven risk factors in three categories

Grocery Shop Catering Overall
Code GRG Rank GRG Rank GRG Rank
F1 0.729 4 0.859 1 0.779 1
F2 0.625 7 0.654 7 0.636 7
F3 0.683 5 0.825 2 0.738 5
F4 0.780 2 0.761 3 0.773 3
F5 0.608 8 0.643 8 0.622 8
Fo 0.812 1 0.711 5 0.773 2
F7 0.761 3 0.745 4 0.755 4
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Figure 1. Grey relational grades and ranking of the factors

5. Conclusion

As companies grapple with the impact of the COVID-19 suspension around the world,
governments are implementing a variety of comprehensive pandemic containment measures that
further disruptions in supply, forcing companies to adapt to new conditions on the fly. Against the
backdrop of the pandemic, it became obvious that to maintain business continuity, companies
urgently need to maintain comprehensive strategic planning, taking into account all kinds of natural
disasters, including pandemics. The food supply chain is the most basic infrastructure needed to
keep it running smoothly even in times of crisis. Providing flexible sales channels from normal
times can mitigate changes in consumption patterns.

Food loss and waste can reduce food market accessibility, resulting in higher prices and reduced
access to low-income materials. In addition, if the food quality is inferior to the point that the food
is sold at a lower price or disposed of, this could affect the well-being and livelihoods of farmers
and producers. Among the challenges facing the food supply chain, especially those stemming from
the COVID-19 crisis, are concerns about clustering at logistics bases such as wholesale markets.
And it must be recognized that concerns about clustering in the food market are a sufficient threat.
In particular, if food distribution centers such as the wholesale market are closed, the impact on a
stable food supply will be enormous.

Food and food safety requirements a risk-based approach to meeting the world's food needs.
Coordinated efforts to ensure food safety and reduce the socio-economic impact of a pandemic
can facilitate and accelerate trade in food and agricultural products. The pandemic has provided an
opportunity to improve quality, focus on the safety of employees and partners, and work regularly
and well with suppliers. The past year has been a year of responses and short-term solutions. Many
companies have found that their operations and supply chains are not ready to handle
unpredictable peaks, and their supplier pools are not diversified enough. Manual processes in
logistics also did not show the flexibility and the required speed of the result; it was difficult to
make quick decisions necessary for the safety of the business, customers, and employees.
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