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ABSTRACT

Review Article

Environmental Impact of Food,
Fruit and Vegetable \Waste during
COVID-19 Pandemic: A Review

Apart from the major health impact, Coronavirus Disease-2019 (COVID-19) has impacted almost all sectors across the world. One
of them is food, Fruit and Vegetable Markets (FVM). Lockdown implementation had different impacts in different countries, like
Canada and the United Kingdom (UK) where they have logistics and supply chain of food, fruits and vegetable items and noted
a shift in supply from food service to the retail channel, although the fresh food supply remains unaffected. A similar trend was
seen in the metro cities of India, where online shopping has increased. In the food supply sector, both retailers and farmers had
to face difficulty in storing, transporting, and selling of the goods and had to bear losses due to increased wastage. Although
with an increased demand, organic farming has increased but still increased expenditure, less yield, and selling of the products
are the major challenges in front of them. Food, fruit and vegetable wastes have considerably reduced at the food supply due to
the obvious impact of lockdown on food supplies, however, a shortage of cold storages and supply chain at the farmer level in
developing countries has resulted in more wastage. Developed countries reported increased illegal dumping of wastes in the rural
areas and the stoppage of the recycling services due to the lockdown. Also, a shift in the habits of the consumer due to health
and food-related issues has been seen throughout the world resulting in reduced waste generation at the consumer level. Despite
all this, agricultural producer and the retail industry appears to be best placed to weather the storm. The major challenges related
to the industry are sustainability in the food chain and maintaining smooth logistics and necessary precautionary measures in the

event of health crises in the future.

INTRODUCTION

Currently, the COVID-19 is a crucial public concern across the globe.
One of the most suggested precautions against the rapid spread of
the coronavirus is the implementation of lockdown which is being
followed by various countries around the world. A survey was done
online which demonstrated the data on awareness, consumer
behaviour, an estimate of the expenditure on food, percentage of
food wasted, and information required to decrease the extent of
household waste [1]. The survey involved 284 participants. Out of
all the respondents, approximately 89% of respondents were aware
of the household wastage. About 93% of participants’ waste levels
were affected due to the COVID-19 lockdown and about 80% of
respondents claimed that this situation has affected their grocery
buying habits. But on the other hand, the lockdown due to the
pandemic situation have somehow improved the food shopping
and eating habits. About 85% of participants reported that there
was 0% waste of what they bought during the lockdown by utilising
leftovers and saving food [1]. The most common reasons for the
wastage of food were inadequate storing facility, over-cooking, and
over-buying of food items.

In a study, the major effect of the national lockdown on waste
management was analysed in the United Kingdom (UK). A huge
rise in clearances of home and Do-It-Yourself projects was reported
as most of the waste recycling organisations have been closed. An
increase of 300% was seen in fly-tipping in the rural sector. Aimost
50% of the recycling services in the UK have been forbidden due
to COVID-19 lockdown [2]. The precautionary measures lead to
the socio-economic change rather than focusing on environmental
measures [3]. Canadian FVMs are adversely affected due to the rate
of increasing cases of COVID-19 since March 2020. The supply
has shifted from food services to the retail supplies as restaurants,
schools and other producers have been closed. It is reported by
the shippers that the labour constraint affects the transportation,
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storage, and robustness of the fresh food supply. In a long period,
one can estimate that the measures could last long and would affect
the consumer’s habits [4].

IMPACT ON FOOD SUPPLY CHAIN

The capacity of the food supply chain is an issue of utmost concern
for national well-being as well as security. COVID-19 has been a test
for the conventional system that was followed since the pandemic
started. During this crucial period of the pandemic, it is significant
to ensure continuous food supply that allows us to bring and
implement new innovative ideas for survival during COVID-19. In
India, annually 9,61,000 tons of Fruit and Vegetable Market Wastes
(FVMW) are generated in FVMs [5] at the retailer level and the
common method of disposal of these wastes is dumping at illegal
sites [6,7] which encourage unsanitary conditions like pest breeding,
foul odour and is also responsible for harmful greenhouse gases.
Although the wastes have been reduced in the FVMs due to COVID-
19 lockdown restrictions, still the overall wastage has increased at
both the farmer and retailer level due to break in the supply chain,
shortage of cold storage, and refrigerated transportation. These
wastes were still being dumped in illegal dump sites and for proper
waste management, harnessing the potential of energy from waste
is necessary for future energy security [8,9].

In a study, aimed at reporting the response and robust nature of
the FVM in the UK during COVID-19 an assessment of the market
and supply chain was done based on the interviews conducted
with 23 market sectors [10]. Mitchell R et al., 2020 demonstrated
that about half of the producers constitutes of the fresh supply
chain which dominates over other supply chains. The present
period of the pandemic has shown the significance of Research
and Development (R and D) in the market sector to estimate the
future stages of the situation [10].
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In a recent study in America, food wastes were investigated in
five different food supply chain sub divisions viz., food producers,
food processors, food service operators, retailers and households.
Closure of schools and coffee shops due to COVID-19 led to
dumping of huge quantities of excess milk by milk producers.
Chicken producers did not face any shortage in buyers however,
outbreaks in meat packaging led to labour shortages and reduced
output which also effected meat processing food wastes [11]. In
the food service sector initially the food wastes increased due to
dumping of existing food stocks but as the lockdown progressed,
food service sector wastes reduced and then when the restaurants
were allowed to open, the consumer uncertainty to dine in or take
out may had led to increased food wastes. At the retailer level
overstocking of putrescible wastes like food and fruits and vegetable
led to their increased wastages. Household level food wastes may
have increased due to bulk purchasing, mismanagement of food
surplus and date labels confusion. However, households with less
income, rising food prices and unemployment may also have led to
reduced food wastes [11].

To improve the food security, it is necessary to augment food
supply chain with local chain which can reduce the pressure on
the natural resources. Also, Food Loss and Wastes (FLW) need
to be minimised by assessing the eating habits. In a case study in
Spain due to strict lockdown measures as a result of COVID-19
significant changes in the food consumption, nutritional content,
FLW, GHGs emisions and economy was observed [12]. The life
cycle methodology included material flow analysis of the inputs
and outputs of the Spanish food basket supply chain which also
involved economic and nutritional assessment. Household FLW
increased by 12% due to extra domestic consumption while the
nutritional content decreased by 8%. The economy and GHGs
emissions increased by 11% and 10%, respectively [12]. The study
also indicates that to meet the future unforeseen circumstances
measures should be adopted to prevent and control FLW and also
make proper reuse of food surpluses.

In another study, it was revealed that the eating habits may have
major consequences on the generation of waste and its components
[13]. Ouhsine O et al., investigated the ways to work on the waste
generated in the period of lockdown and to follow the habits related
to how to consume goods effectively in Morocco [13]. The study
revealed that around 87% of participants disposed of cleaning
and protective devices with the house waste. Adding to this, they
also showed that 87% of respondents mix coronavirus protective
equipment with household waste. The outcomes showed that the
waste generated increased rapidly from February to March 2019.
While itis reported from the city of Khenifra and Centre of Tighassaline
that waste has reduced from 11.41% to 3.8% and from 4.73% to
1.23% [13]. The outcomes demonstrated the effect of lockdown on
the products, and a large decrease in meat consumption amongst
people was reported due to COVID-19. However, since most of the
people stayed at home an increase in the overall domestic food
wastes was reported. Thus, it is evident that there is an increase
in domestic food wastes including the cleaning products during
the COVID-19. Galanakis CM presented the workflow of the food
systems during the period of a COVID-19 pandemic. It specified
the analytical data regarding the characteristics of foods that can
strengthen and boost the immunity of people during COVID-19 [14].
The study highlighted the significance of sustainable development
and adapting to a better food chain resulting in avoiding health and
food crises. The world economy is declining due to the pressures
aroused between nations. Agricultural producers and the retail
industry have emerged as the best amongst other food chains [14].
News showing the vacant shelves in grocery markets resulting in
the pouring of milk into the drain has been going viral [15]. Just after
the announcement of national lockdown, the Indian government
declared the agricultural sector amongst the essentials. However, the
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condition has given immense opportunities to bring and implement
several new ideas that could last for a longer period. Agriculture
holds 11% of the GDP and still plays a vital role for the 52% of the
working majority of the country [16].

In developing countries mostly people shop offline by visiting physical
markets that is from mandis, shops, roadside stalls, etc. Shopping of
food, clothes and a house which are the basic needs depend on the
consumers buying behaviour. In this global era, online shopping is a
way of saving time and shaking hands with technology. Economic times
cited a Boston Consulting Group (BCG) report which demonstrated
that in India 70% of about 90 million online buyers are influenced by the
information they collect from internet and only 16% online shoppers
end up buying on the internet [17]. It includes all products for example
durable and perishable goods. According to the litany of online grocery
platforms, almost all fresh-food purchases are made offline while 1-2%
transactions are online. Because of lockdown (COVID-19), essential
goods are available at the online and offline market. In metro cities,
online shopping of food and perishable goods have increased due
to supply of these items by e-commerce companies viz., Big basket,
Grofers, Bazaar Cart, during COVID-19 lockdown. However, people
living in small cities don’t want to take the risk and prefer the physical
market. Another preferred choice of purchasing is by calling in the
conventional market and taking delivery at home by paying some
delivery charges.

In this scenario, cooking and food management skills are playing a
vital role in improving efficiency of food production and reducing the
food wastage by consumers. Reduction in earnings and higher food
prices have resulted in improved food management and reducing
the overall wastage. In UK, wastage from vital items such as bread,
milk, chicken and potatoes reduced from 24% in November 2019
to 14% in April 2020 [18].

Also, both the food supply chain and food service sector had to
face difficulty in storing, transporting, and selling their goods at the
markets and had to bear losses due to increased wastage. Saha T
and Bhattacharya S reported that the agricultural sector including
farmers and labourers had faced considerable losses during
lockdown [19]. Despite monetary assistance by the Indian Finance
Ministry and Reserve Bank of India to farmers, still, the agricultural
sector faces export shortages and restrictions due to lockdown.
The impact of COVID-19 on food, fruits and vegetable markets and
supply chain is summarised in [Table/Fig-1] [2,4,11-13,16,19].

The present situation demands increasing the expenditure on
the agricultural sector viz., increasing monetary assistance to
farmers, increasing the capacity and number of the cold storage
facilities, distribution, transportation, creating an export supportive
infrastructure. Developed nations are shifting to organic food products
due to their nutritional benefits. For developing countries like India
people need to realise the importance of traditional/organic foods
which is believed to be rich in nutritious value and improve immunity
which makes them more resistant to infection.

CHALLENGES

The COVID-19 outbreak has provided an opportunity to find
effective treatments to improve the short term and long-term
declination of food waste and intervene in food waste practices
within households. A sustainable way to the problem of food waste
could be implemented from the feedback of the consumers [1].
The major short-term effect of the COVID-19 pandemic is the
realignment of the fresh food supply chain. The market-specific
distribution networks remain disrupted during the disease spread
and check supply-chain relationships a while later. In the longer
term of time, the possible impacts will be felt across input markets,
most notably on labour, and structural changes in the sector,
which can lead to fundamental and potentially irreversible shocks
such as restructuring and online shopping. Canada is importing
much of its requirements for fresh produce but it doesn’t isolate it
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Authors [Reference] Country/City Interpretation

Report by Univeristy of
Southampton [2]

United Kingdom In this report, an analysis of impact of lockdown measures on waste management by Professor lan Williams,
Anne Stringfellow and Keiron Roberts highlighted a huge rise in clearances of home and Do-It-Yourself
projects as most of the waste recycling organisations have been closed. An increase of 300% was seen in
fly-tipping in the rural sector. Aimost 50% of the recycling services in the UK have been forbidden due to the

COVID-19 lockdown.

Richards TJ and Rickard B. [4] Canada

Canadian FVM are adversely affected due to the rate of increasing cases of coronavirus-2019 since
March 2020. The supply has totally shifted from food services to the retail supplies as restaurants,
schools and other producers have been closed. It is reported by the shippers that the labour constraint
affects the major change and about the robustness of the fresh food supply.

Ellison B and Kalaitzandonakes M | United States of America

[4,11,19]

The study reviewed the food wastes from the entire food supply chain namely food producers, processors,
suppliers and consumers during COVID-19 lockdown. Food producers who are dependent on the food
service sector were the major contributors of the food wastes due to the closure of food service operators.
Food processors and retailers have not contributed to major food wastes although the retailers may have
contributed to increased wastes due to overstocking of perishable food and fruits and vegetable wastes
when the lockdown measures were relaxed. Stockpiling, mismanagement, rising food prices, negative or
reduced income were the factors which were responsible to the changes in the household food wastes.

Aldaco R et al., [12] Spain

The study reported that the fluctuations in the food supply chain and small changes in the eating habits due
to the COVID-19 lockdown had a major impact on the environment, health and economy. Household FLW
increased by 12% due to extra domestic consumption while the nutrional content decreased by 8%. The
economy and GHGs emissions increased by 11% and 10%, respectively.

Quhsine O et al., [13] Morroco

The study clearly reports the ways to work on the waste generated in the period of lockdown and to follow
the habits related to how to consume goods effectively in Morocco. Therefore, there is a rapid increase in
the waste including the cleaning products. A survey showcased that around 87% of participants involved
cleaning and protective devices with the house waste.

Van Landbouw M [16] India

The study reported that the Indian government declared agricultural sector amongst the essentials.
However, the condition has given immense opportunities to bring and implement new ideas that could last
for a longer period of time. Agriculture holds 11% of the GDP and still plays a vital role for the 52% of the
working majority of the country.

Saha T and Bhattacharya S. [19] India

The study reported that agricultural sector including farmers and labourers had faced considerable losses
during lockdown (COVID-19).

[Table/Fig-1]: Impact of COVID-19 on food, fruits and vegetable markets and supply chain [2,4,11-13,16,19].

from these shocks [4]. Therefore, the price of imported goods has
increased with production costs in the United States and with any
improvements in the exporting industry structure. These changes
can change the distribution of fresh fruit and vegetables for the long
terms as well [4].

COVID-19 pandemic has initiated the start of a new era. More
research is needed in the food safety and food security sector,
introducing new measures to reduce food losses and wastes and
meeting the consumer nutritional requirements by new harmless
sources. Moreover, new developments should be implemented
effectively enough with the imminent economic crisis in the COVID-
19 pandemic period, offering appropriate and economically
competitive goods and developing functional foods strengthened
with bioactive compounds and antioxidants that promote safety
and help the immune system of consumers. There is no doubt that
we need to stop the “normal” activities, think out of the box, and
speed up efforts to establish safe and modern food systems. The
food things network plus has introduced a series of workshops
to identify how robotics could be used to alleviate the shortage
of labour. These innovations are now being considered by public
funders for the betterment of survival in the time of a pandemic.
The report outcomes suggest a short-term measure which is still
not enough to push the industry for the absolute solution. Excellent
technologies such as industrial robotics have been utilised [10].

Indian economy is largely based on agriculture and even now it is
witnessed that the rural economy is not much affected due to the
pandemic lockdown. Although the number of organic farmers has
increased still food sector face a huge challenge in making a profit
due to fewer yields, increased expenditure, and selling the produce.
In today’s scenario, consumers are ready to spend additional for
getting quality and healthy food but finding a reliable source is a
challenge [17]. The lockdown period has made the consumer think
that Food and Shelters are the most essentials of life and particularly
the importance of the traditional foods as the food which we have
can have an impact on our health. There should be a way to fill the
gap between both the farmer community and consumers in which
both can get the benefit, farmers can make some additional money,
and also the consumer can get healthy and fresh foods. Concepts
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like contract farming or even personalised farming could be tried
[17]. Farmers need to look at this situation as an opportunity and
need to use communication channels like social media to build the
consumer base and market their produce.

COVID-19 pandemic has caused fear which has led to the stockpiling
of food items breaking the food supply chain, closure of foodservice
outlets in the world, increase in retail purchases, and generation of
a large amount of food waste [20]. It is very challenging to see a rise
in fresh supply chains during the times of a pandemic. Innovation
efforts suggested by Peck H included relaxation of working hours,
amendment of rules to allow staff to work more without being
penalised and amendment in the job retention scheme which may
enable producers to see rapid increases in demand capable of
using surplus labour in the foodservice sector [21]. Determination
of local production, consumption, and variation across seasons of
different food items could fix the problem of the supply chain in the
future. For food wastes, basic principles like reduction and re-use of
food, recycling of nutrients by composting could be applied in the
food system.

Kharbikar HI et al., discussed the socio-economic implications of the
COVID-19 pandemic and lockdown on the food and agribusiness
sector in India [22]. The authors suggested cleanliness, social
distancing and health-related measures, financial support from
government and private industries, technological measures such
as e-agribusiness, e-agrimarketing, infrastructural development,
capacity building programs, modern techniques of transfer of
technologies, and proper implementation of government schemes
and programs to tackle the situation and overcome from the crisis.
Such socio-economic initiatives will play an immense role in the
overall enhancement of the socio-economic status of farmers, farm
labourers, and allied industries in terms of employability, efficiency,
health, and well-being [22].

A recent paper reported the Indian government’s response to the
coronavirus. It highlighted that the resource rich and controlling
nations response to COVID-19 had an influence in selecting the
India’s strategy in confronting the issue. It was highlighted that the
country’s local knowledge, culture and capacity should have been
used in deciding the response [23]. Decentralised decision-making
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process, incentivising civil society, etc., were the anticipated short
term and long term solutions to COVID-19 [22]. These findings
could be helpful in tackling any national or worldwide health related
issues similar to COVID-19 in the future.

Over the longer term, government and private industries need to
improve and develop infrastructure, capacity building programs for
farmers and labourers, an amalgamation of local knowledge and
modern techniques of transfer of technologies such as e-agribusiness,
e-agrimarketing, decentralised decision-making process, civil society
and proper implementation of government schemes support. The
government needs to address the needs of all the parties involved
in food production to the food supply chain to the consumer for
achieving sustainability in this sector. This is a very sensitive period,
so cleanliness, social distancing, and health-related measures should
be the priority in every future aspect of life to minimise the impact of
infectious waste on human health.

CONCLUSION(S)

Impact of COVID-19 lockdown on the food, fruits and vegetable
production, distribution and wastages showed that it ultimately affects
the country’s economy, environment and health of individuals handling
such wastes. Shortage of cold storages and supply chain at the farmer
and retailer level in developing countries has resulted in more wastage.
The major challenges related to the industry are sustainability in the
food chain, maintaining smooth logistics, and necessary precautionary
measures in the event of health crises in the future.
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