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A B S T R A C T   

Household food waste (FW) has huge environmental and socio-economic impacts. During the COVID-19 
pandemic, a survey was carried out in North Macedonia to explore perceptions and attitudes towards FW at 
the household level. A self-administered questionnaire was available online from 15th of May until June 30, 
2020 and the sample size was 754. A very high percentage of the respondents (94.16%) expressed a high 
awareness of food waste and declared to worry about this issue trying to avoid food waste as much as possible. 
Moreover, the results showed that 41.38% of the respondents think to waste a low amount of food while 27.98% 
state not to throw almost anything. Meanwhile, 52.39% of the respondents believe that they do not throw away 
food that is still consumable. About 22.54% of them think to throw less than 250 g followed by those who think 
to throw between 250 and 500 g (18.04%). The survey showed that the most wasted food groups are cereals and 
bakery products, fruit, vegetables, and milk and dairy products. Concerning economic value, most of the re-
spondents (53.18%) believe to spend less than 5 EUR on food wasted while 42.04% of them think to spend 
between 5 and 25 EUR. Regarding shopping behaviour during COVID-19, only about a half of the respondents 
(48.28%) stated to go shopping like they used to do. The respondents declared that they have bought during 
COVID-19 more vegetables (72.30%) and fruits (68.60%), which might imply that they are moving towards 
healthier diets. It seems that food wastage has increased during the COVID-19 for about a third of the re-
spondents (34.70%). The survey showed that the COVID-19 pandemic affected food purchase, wastage and 
consumption behaviours in North Macedonia. Such a finding should inform future policies and initiatives 
relating to agriculture, food and health during the recovery period.   

1. Introduction 

Food loss refers to the decrease in quantity or quality of food and is 
the agricultural or fisheries products intended for human consumption 
that are ultimately not eaten by people or that have incurred a reduction 
in quality reflected in their nutritional value, economic value or food 
safety [1]. According to FAO [1], an important part of food loss is “food 
waste” at the consumer level, which refers to the discarding or alter-
native (non-food) use of food that was fit for human consumption – by 
choice or after the food has been left to spoil or expire as a result of 

negligence. Since significant resources are required for food production, 
processing, transportation, storage, retailing and preparation, food 
wastage is a waste of valuable resources with obvious economic, envi-
ronmental and moral implications [2]. The wastage of food occurs at all 
stages of the food life cycle, starting from harvesting, through processing 
and distribution restaurants and food services and finally consumption, 
but the largest contribution to food waste in developed countries occur 
at home [3] and shall be measured separately for each stage once every 
four years [4]. Indeed, household food waste is around 30% of total food 
waste [5]. Having in mind the importance of this issue, previous studies 
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have been focusing on consumers’ behaviour, awareness and attitudes 
toward food waste as well as the causes of food waste in many countries 
such as Albania [6], Morocco [7], Egypt [8], Italy and Germany [9,10], 
Finland [11], Denmark [12], Holland [13], USA [14], Canada [15,16], 
UK [17], Turkey [18], Tunisia [19], Algeria [20], Greece [21], Serbia 
[22], Bosnia and Herzegovina [23], Montenegro [24] and North 
Macedonia [25]. All these studies used different methodologies to esti-
mate food waste. Although self-administrated questionnaires are less 
accurate in comparison to large-scale surveys using diaries, Waste 
Composition Analysis (WCA) and combined methods [26–28], they can 
be a good starting point for further more reliable surveys. 

The Coronavirus Disease 2019 (COVID-19), a respiratory illness 
caused by a virus first identified at the end of 2019 in Wuhan (China) 
[29], has become in a short time one of the most pressing challenges 
facing humanity [30]. The virus is now present worldwide, North 
Macedonia included. In fact, the recent statistics of the World Health 
Organisation (WHO) – dating back to August 7, 2020 – show that there 
are 11,399 confirmed cases of COVID-19 in North Macedonia and the 
country suffered so far 517 deaths [31]. In this context, North 
Macedonia ranked 35th worldwide in terms of the number of confirmed 
cases (cf. 10,503 cases in total or 506 cases per 100,000 inhabitants) and 
26th in terms of the number of active cases (4096 in total or 197.4 cases 
per 100,000 inhabitants) as of 30 July. The presidency and the gov-
ernment of North Macedonia took many measures to contain the spread 
of the virus. On 18 March, the presidency declared the state of emer-
gency. In response to the declaration of the global COVID-19 pandemic 
by WHO, the government imposed a curfew on 23 March and introduced 
a nationwide travel ban for all citizens on 8 April. At the beginning of the 
coronavirus outbreak, the government closed all educational in-
stitutions (schools, universities), cultural premises, restaurants as well as 
‘non-essential’ stores; only supermarkets, food stores and pharmacies 
remained open. Meanwhile, the wearing of facemasks is mandatory in 
the public space. From 8 May, the government began a gradual, cautious 
process for opening up the economy. However, preparation is underway 
for a possible second wave of COVID-19 in the autumn [32]. 

The COVID-19 pandemic is expected to have dire effects on the socio- 
economic development of societies and people’s livelihoods across the 
world [30]. The far-reaching disruptive effects of the COVID-19 
pandemic also regard food systems and global food security [33–38]. 
Although very limited, recent papers show that the COVID-19 pandemic 
induced changes in food-related behaviours [34] including food wastage 
[39,40]. Indeed, the COVID-19 pandemic may have implications over 
the short and long term for food loss and waste. Supply chain losses may 
increase in the short term because of logistical bottlenecks and a 
contraction in the demand for perishables that are often consumed away 
from home (cf. Restaurants, catering services). Consumer waste may be 
increased by hoarding and panic buying, although most of these pur-
chases have been for longer life items, such as flour and pasta [41]. 
OECD [41] indicates that over the longer term, the food sector may 
identify better ways to manage inventories, and consumers may also 
reassess their shopping and consumption habits, with a view to reducing 
waste. Coming up with previous studies focused on consumer aware-
ness, attitudes and behaviours related to food wastage during COVID-19 
lockdown [39] and modified eating habits and lifestyle changes during 
COVID-19 [42,43], this paper aims at exploring changes in consumers’ 
food-related behaviours and attitude towards food waste at households 
in North Macedonia during the COVID-19 pandemic. 

2. Material and methods 

The present paper is based on the results of a voluntary survey 
conducted in North Macedonia from the 15th of May until the June 30, 
2020. An online self-administered questionnaire used in previous studies 
on FW by Bogevska et al. [25], has been slightly modified by adding 
several questions connected to consumers’ behaviour during the 
COVID-19 pandemic. A similar questionnaire was used by Jribi et al. 

[39] to analyse the impacts of the COVID-19 outbreak on household 
food wastage in Tunisia. All participants were fully informed about the 
study objective and gave their informed consent for data sharing and 
privacy policy. 

Participation was entirely on a voluntary basis and responses were 
analysed only in aggregate. 

The questionnaire was composed of 30 questions and conducted in a 
local language (Macedonian). It included a combination of one-option 
and multiple-choice questions. The questionnaire was developed into 
an introductory part and seven sections:  

• Introductory part: The concept of food losses and waste (FLW) was 
introduced to inform the respondents, and the objective and the 
context of the survey were stated;  

• Section 1 - Food purchase behaviour: Respondents were asked about 
shopping habits and frequency, and food expenditure estimation;  

• Section 2 - Knowledge of food labelling information: Respondents 
were asked whether they were familiar with the “use by” and “best 
before” food labels;  

• Section 3 - Attitudes towards food waste: Respondents’ awareness of 
food waste and frequency of throwing consumable food as well as 
handling of food waste in their households were analysed in this 
questionnaire section;  

• Section 4 - Extent of household food waste: Respondents were asked 
about the quantity and food groups that were thrown away;  

• Section 5 - Economic value of household food waste: Respondents 
were asked to estimate the value of food that they throw away;  

• Section 6 - Willingness and information needs to reduce food waste: 
Respondents’ behaviour, willingness and information needs towards 
reducing food waste were addressed in this questionnaire section;  

• Section 7 - Food purchase and wastage behaviours during the 
COVID-19 pandemic: The last section included a comparison of 
COVID-19 and pre-COVID situations. 

Various communication channels and networks were used for the 
dissemination of the questionnaire, such as social media (Facebook, 
Viber, WhatsApp) and mailing lists. 

The data, collected through the Survey-Monkey platform (www. 
surveymonkey.com), was downloaded into the Statistical Package for 
Social Sciences (SPSS) version 25.0 for analysis. Means, standard devi-
ation, frequencies, and percentages were calculated for descriptive data. 
Wherever respondents were allowed to have more than one answer, 
multiple response analysis was run and percent of responses and percent 
of cases were drawn from it. Due to the measurement scale of variables, 
which were nominal and ordinal, non-parametric tests were applied. In 
this regard, the chi-square test was applied to assess the association 
between variables. In addition, statistical significance was set a priori at 
a p-value of 0.05. In addition, to assess the link between socio- 
demographic variables with perceptions of food wastage as an output, 
Artificial neural network (ANN) was applied in the multivariate analysis 
part. 

The artificial neural network is the preferred tool for many predictive 
data mining applications because of its power, flexibility and ease of use. 
ANN has been widely applied to examine the complex links between 
input and output variables. In recent years, ANN has become a very 
powerful and practical method to model complex nonlinear systems. 
This model is used for prediction and classification in situations where 
classic statistical models have restricted application when some or all of 
their assumptions are not met. Neural networks in predictive applica-
tions, such as the multilayer perceptron (MLP) and radial basis function 
(RBF) networks, are supervised in the sense that the model-predicted 
results can be compared against known values of the target variables. 
A typical ANN consists of three layers, i.e., input, hidden, and output 
layers [44]. In this study, we employed perception of food wastage 
(without food wastage = 0, with food wastage = 1) as output (dependent 
variable) in data mining known as artificial neural networks multilayer 
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perceptron to quantify the relationships between predictors and variable 
criterion. Also, an MLP was utilized to evaluate the relative importance 
of the predictor variables (gender, age, level of education, occupation, 
household composition, food shopping frequency, estimation for 
household food expenditure, using a shopping list, age and family 
members). 

The study has limitations due to the methods used in representing the 
phenomenon from qualitative and quantitative points of view. The 
major limitation of this study is the non-probabilistic sampling design 
used in the cross-sectional survey, which has implications in terms of the 
representativeness of the sample with regard to the adult population in 
North Macedonia. This limitation relates to the self-administration of 
the questionnaire as well as the tool used (i.e. online). The first aspect is 
that self-administrated questionnaires, such as the one used in the pre-
sent survey, are run on unpaid volunteers, who are mainly motivated to 
take part in the survey by their interest in the topic of food wastage and 
its reduction. This might induce the problem of a self-selected, biased 
sample. The second limitation of the study is that it is based on an online 
questionnaire. This might imply that only web-literate, generally young 
and well-educated people, take part in the survey, which might explain 
the under-representation of old people and those living in rural, remote 
areas, who do not have good, affordable access to internet services. A 
further limitation relates to the use of the survey instrument for the 
collection of data on household food waste. Indeed, it is widely admitted 
that household food waste surveys are methodologically simple, but 
mainly useful to provide qualitative information, because quantification 
of food waste is prone to error as respondents/consumers often tend to 
underestimate their waste/food waste (and, consequently, also the value 
of the wasted food) when self-reporting (e.g. Refs. [14,45–49]). Indeed, 
the respondents’ answers reflect their personal beliefs, predictions and 
approximate valuation of food waste. Although the amount of household 
food waste by self-assessment methods considerably underestimates the 
actual amount [46,49], it can distinguish respondents’ awareness and 
attitudes toward food waste. 

Table 1 presents the profile of the respondents. The sample does not 
represent the entire population of the country. The number of valid 
answers was 754. The sample was not gender-balanced (76.39% female 
and 23.61% male), which is quite normal as women are responsible for 
cooking and food management in North Macedonian households. 
Furthermore, most of the respondents (42.84%) were aged from 35 to 44 
years. More than a half of the respondents (58.62%) have a high 
educational level and 82.23% of the respondents are in paid work. 
Regarding family status, most of the respondents are married with 
children (57.16%) followed by those who live with their parents 
(21.22%). In this survey, 4 person-households have the highest share 
(37.40%). 

It should be noted that there are differences between our sample and 
the Macedonian average population. The share of women and men in the 
total North Macedonian population is almost equal; 49.9% of the pop-
ulation are women and 50.1% are men [50]. The difference with our 
sample is not only obvious but also normal as women are more involved 
in food management in households. Most of the respondents in our 
sample live in cities, which are more densely inhabited. For example, 
Skopje region is the most densely populated area of the country with 338 
inhabitants/km2, and where almost a third (29.7%) of the population of 
North Macedonia lives [50]. Regarding the age structure, the Republic 
of North Macedonia is in a relatively favorable situation for the 
able-bodied population (from 15 to 64 years) whose share of about 70% 
is predominantly in relation to the other two age groups (0–14 and > 65) 
[50]. In this context, our sample reflects the age structure of the average 
population except for the elderly people whose share is about 12.4%. 
The small share of elderly people can be attributed to a lack of IT skills. 
Regarding the level of education, our sample is not representing the 
average population but confirms that educated people are more 
computer-literate and have better access to internet services. According 
to the data of the State Statistical Office, in the third quarter of 2020, the 

active population in the Republic of Northern Macedonia was 941,136 
persons, of whom 785,561 (83%) were employed and 155,575 (16%) 
unemployed [51]. Our sample is representing the national quota of 
employed people but not that of students and unemployed and retired 
people. 

The respondents’ answers are according to their beliefs, predictions 
and approximate valuation of food waste. 

3. Results and discussion 

3.1. Food purchase behaviour during COVID-19 pandemic 

The online survey showed that more than two-thirds of the re-
spondents (76.13%) buy food products in supermarkets followed by 
those who buy their food in small markets (14.19%) (Table 2). The wide 
range of available food products at the same location would be also a 
positive feature that persuades consumers to choose these shopping lo-
cations. Besides, this high percentage might also be because supermar-
kets are considered ‘critical services’ and were kept open even during 
the lockdown. Around 8.09% of the respondents buy their products at 
the market while only 1.59% of the respondents buy directly from farms. 
These findings on grocery shopping are in line with those obtained by 
Jribi et al. [39] during the lockdown in Tunisia; they found that 64.3% 
of the respondents buy their foods from supermarkets, whereas 29.0% 
buy their foods from small retailers, 2.1% from hard discount stores and 
only 2.5% from traditional local markets (“souks”). In Italy, Di Renzo 
et al. [43] found that during COVID-19 lockdown, most of the popula-
tion purchased food at the supermarket (75.8%), 26.0% at the grocery 
shops, 14.8% at farms, organic or local markets or using Solidarity 
Purchasing Groups, and only 9.0% used online delivery. The results of 
Chi-square analysis showed that the location of buying food is associated 
with the level of education (p < 0.01), so respondents with higher 

Table 1 
Respondents’ profile.  

Variable (n = 754) Item Percentage 

Gender  
Female 76.39  
Male 23.61 

Age (years)  
18–25 8.89  
25–35 22.68  
35–45 42.84  
45–55 17.64  
55 and over 7.96 

Level of education  
No formal schooling 0.40  
Primary school 0.13  
Secondary school 15.38  
Technical qualification 1.33  
University degree (bachelor) 58.62  
Higher degree (MSc or PhD) 24.14 

Occupation  
In paid work (full-time or part-time) 82.23  
Student 7.03  
Unemployed and looking for work 5.57  
Home duties 1.86  
Retired/Age pensioner 3.32 

Household composition  
Single person household 5.44  
Living with parents 21.22  
Partnered 10.74  
Married with children 57.16  
Shared household, non-related 1.99  
Other 3.45 

Family members  
1 Person 3.85  
2 Persons 17.64  
3 Persons 25.73  
4 Persons 37.40  
5 Persons or more 15.19  
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education had more tendency to shop from hyper-
markets/supermarkets, and occupation (p < 0.05) of the respondents. 
All groups of occupation had a willingness to buy food from 
hypermarkets/supermarkets. 

One-third of the respondents (33.20%) buy their products twice a 
week, followed by those who buy once every 2 days (21.90), every day 
(21.0%) and once a week (19.60%). It is obvious that big supermarkets 
influence the frequency of buying the food, which is relatively rarely 
twice a week. Also in Tunisia, this trend is obvious as food shopping was 
performed once a week by 39.8% of respondents, two or three times a 
week by 31%, daily by 15% [39]. The frequency of shopping is highly 
associated with family structure (p < 0.01); families with more than two 
members prefer to have shopping twice a week. 

Regarding expenses on food each month or food budget, most North 
Macedonian households spend 150–300 euro per month (41.25%), 
which is relatively high, followed by those who spend 100–150 euro per 
month (26.53%). It should not be neglected that 22.28% of the re-
spondents spend more than 300 euros per month. In comparison to 
Tunisians, most of the respondents (36%) affirmed to spend monthly on 
food between US$ 100 and 175, 32% over US$ 175, 27% between US$ 
35 and 100 and 5% less than US$ 35 [39]. Household food expenditure 
is significantly dependent on age, occupation and family members (p <
0.01). The highest amount of expenses on food was for level 150–300 
euros per month and age groups of 35–44 and 45–54 had the highest 
level of expenditure. 

Pre-shop planning and the use of shopping lists represent good 
practices for minimising food waste [52]. The survey results show that 
the shopping list is always used by most interviewees (47.35%); 40.32% 
of the respondents sometimes use a list while 12.33% never use it. Our 
findings are better than those of Jribi et al. [39] where 42% of re-
spondents declared to use a shopping list in Tunisia. A much higher 
percentage of using the shopping list was found in Karlsruhe (Germany) 
as well as in Ispra (Italy) where about 70% of households use a shopping 
list [53]. Using a shopping list is dependent on education (p < 0.05) and 
family members (p < 0.01). Respondents in age group of 45–54 were 
more eager to have a shopping list during their shopping. 

Supermarkets are shopping spots where special offers are available to 
customers. In this survey, 46.55% of the respondents declared that they 
are sometimes attracted while 43.77% said they are attracted by special 
offers. The influence of these offers would have sometimes a great 
impact to purchase a big quantity of food, which may lead to higher 
wastage. In Greece, the majority of the respondents organise their 
shopping through checking cupboards, making shopping lists and 
planning meals [2]. In Italy, almost all the respondents plan their pur-
chases by preparing a shopping list (92%), and buy foodstuffs mainly 
when special offers are available (99%) [54]. Attraction to special offers 
in this survey is significantly dependent on gender (p < 0.01) and age (p 
< 0.01). Women are more attracted by special offers as well as those 
aged 35–44. 

3.2. Knowledge of food labelling information 

Concerning the “use by” food label, 56.63% of the respondents seem 
to understand and have good knowledge about the meaning of this label 
as they think that food should be consumed or discarded by this date 
(Table 3). Some of them (35.94%) consider that the food is still safe to 
eat after that date if it is not damaged or spoiled while 7.43% think, 
erroneously, that food must be sold at a discount after this date. In the 
case of the “best before” label, more than two-thirds of the respondents 
(75.46%) mix up this label with “use by”, as they think that food should 
be discarded after this date. Only around 18.44% of answers showed a 
good understanding of this label meaning, which is, anyway, relatively 
high in comparison to previous research (9.0%) [25]. Similar to Algeria, 
a very high percentage (70%) of the respondents still have confusion 
with the “best before” date label as they consider that food must be 
consumed before or discarded after that date [20]. Understanding of 
“use by” and “best before” food labels is highly associated with age (p <
0.01), which indicates that respondents aged 35–44 are more familiar 
with the meaning of these labels. 

Table 2 
Food purchase behaviour (n = 754).  

Variables All (%) Gender Age Education Occupation Family member 

Where generally do you buy food?  2.37 8.39 198.24** 26.35* 7.59 
Hypermarket/supermarket 76.13      
Mini market/small market 14.19      
At the market 8.09      
Directly from producers/farmers 1.59      

How often you do food shopping?  4.12 18.53 66.09 20.40 53.82** 
Every day 21.00      
Once every 2 days 21.90      
Twice a week 33.20      
Once a week 19.60      
Every 2 weeks 3.70      
Once a month 0.70      

How much would you estimate your household food expenditure each month?  3.70 86.07** 28.43 58.42** 90.67** 
Up to 50 euros 1.33      
50–100 euros 8.62      
100–150 euros 26.53      
150–300 euros 41.25      
More than 300 euros 22.28      

When buying food, do you use a list?  2.81 10.32 19.97* 14.69 29.83** 
Yes 47.35      
No 12.33      
Sometimes 40.32      

Do you feel attracted to the special offers when you buy food?  33.57** 21.64** 15.67 15.28 11.15 
Yes 43.77      
No 9.68      
Sometimes 46.55      

**p < 0.01, *p < 0.05. 
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3.3. Attitudes towards food waste 

A very high percentage of the respondents (94.16%) expressed a high 
awareness of FW. They worry about this issue and try to avoid wasting 
food as much as possible (Table 4). This could be because the North 
Macedonian culture, customs and traditions make the act of throwing 

food something outrageous. However, also the COVID-19 emergency 
might have contributed to this high awareness about the importance of 
food and, consequently, how vital is not to waste it. Meanwhile, about 
4.51% of the respondents are aware of the problems associated with FW, 
but they do not think they will change their behaviour in the near future; 
and a very low percentage (0.67%) did not consider that food waste is a 

Table 3 
Knowledge of food labelling information (n = 754).  

Variables All 
(%) 

Gender Age Education Occupation Family 
member 

In regard to food labels, which of the following do you think best describes what is meant by 
the “use by” date?  

0.53 34.94** 18.12 25.18** 21.11* 

Foods must be eaten or thrown away by this date 56.63      
Foods are still safe to eat after this date as long as they are not damaged, deteriorated or perished 35.94      
Foods must be sold at a discount after this date 7.43      

In regard to food labels, which of the following do you think best describes what is meant by 
the “best before” date?  

0.55 21.56** 5.78 10.96 13.49 

Foods must be eaten or thrown away by this date 75.46      
Foods are still safe to eat after this date as long as they are not damaged, deteriorated or perished 18.44      
Foods must be sold at a discount after this date 6.10      

**p < 0.01, *p < 0.05. 

Table 4 
Attitudes towards food waste (n = 754).  

Variables All 
(%) 

Gender Age Education Occupation Family 
member 

Which of the following descriptions represents you better?  6.72 21.07 11.61 17.43 27.33 
I worry about food waste and I try to avoid it whenever I can 94.16      
I am aware of the problems associated with food waste but I do not think I will change my 
behaviour in the near future 

4.51      

I was interested in the issue of food waste in the past, but now I do not care 0.66      
I do not consider food waste as a crucial problem 0.67      

In general, how much uneaten food your household usually throws away?  6.89 63.04** 35.36* 15.69 20.82 
Much more than it should 1.99      
More than it should 7.03      
A reasonable amount 21.62      
Very little 41.38      
Almost nothing 27.98      

How often do you throw away leftovers or food that you consider not good?  0.78 25.43* 20.36 23.34* 21.65 
Never 12.47      
Less than one time a week 58.49      
From 1 to 2 times a week 22.94      
More than twice a week 6.10      

How many times does your household cook a main meal from raw main ingredients? 0.00 7.54 17.69 26.56 25.11 47.03** 
Never 1.70      
Less than twice a week 11.60      
Three to six times a week 61.00      
Seven to ten times a week 19.40      
More than ten times a week 6.30      

How many times does your household eat a meal left over from a previous day?  9.36 29.93* 121.74** 45.53** 20.73 
Never 14.37      
Less than twice a week 68.73      
Three to six times a week 15.49      
Seven to ten times a week 0.99      
More than ten times a week 0.42      

How many times does your household eat out or eat a takeaway (as a main meal)?  7.38 34.23** 35.24** 19.48 28.62* 
Never 34.47      
Less than twice a week 58.40      
Three to six times a week 5.98      
Seven to ten times a week 0.57      
More than ten times a week 0.57      

How many times does your household eat store-purchased readymade meals e.g. frozen 
dinners?  

3.89 33.90** 184.22** 16.97 33.79* 

Never 58.40      
Less than twice a week 36.18      
Three to six times a week 4.56      
Seven to ten times a week 0.28      
More than ten times a week 0.57      

**p < 0.01, *p < 0.05. 
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crucial problem nowadays and they do not care about wastage issue. 
Also Jribi et al. [39] showed that during the COVID-19 outbreak a large 
majority (91.9%) of Tunisian respondents affirmed that they worry 
about FW and try to avoid it when they can. 

Regarding how much food is wasted, 41.38% of the respondents 
declared that the amount of FW is quite low while 27.98% do not throw 
almost anything. Meanwhile, 21.62% of the respondents think that they 
throw away a reasonable amount of food and 7.03% that they throw 
more than they should, while the lowest percentage (1.99%) of the re-
spondents affirmed that they waste food much more than it should. In 
Tunisia, about 58% of the respondents declared that they usually discard 
low percentages of food they purchased, 29.7% claimed that they did 
not discard any food, and 8.2% reported they discarded a reasonable 
amount of purchased food while only 3.9% affirmed they discarded too 
much food [39] The results of Chi-square analysis showed that wastage 
of food is associated with age (p < 0.01) and level of education (p <
0.05) of the respondents. Highly educated respondents are more aware 
of food wastage issue. 

About handling uneaten food, more than a half of the respondents 
(51.20%) declared feeding it to animals while 37.70% of respondents 
answered that they throw it away in the garbage bin. Very few of them 
(3.20% and 2.70%) do compost or give uneaten food as a donation, 
respectively. Jribi et al. [39] found that only 10% of the respondents 
declared to discard uneaten food, which is much lower in comparison to 
our findings. Meanwhile, in Hungary, 62.83% of the total food waste 
was disposed of to the trash, 18.45% was used for animal feeding and 
18.72% for composting [55]. Differences might be due to different 
factors such as cultures, tradition, customs and income/purchasing 
power. 

Regarding the frequency of throwing away leftovers or food 
considered as not good, the results showed that only 12.47% of the re-
spondents say not to throw leftovers in comparison with 58.49% of them 
who declared throwing leftovers less than one time a week (Table 4). 
The frequency of throwing leftovers is significant at level p < 0.05 by age 
and occupation. 

As regard activities of the respondents that affect the households’ 
food waste, about 60.10% of the respondents declare to cook 3–6 times a 
week a main meal from raw main ingredients, and 68.73% eat a meal 
left over from a previous day. Similar results were obtained in 
Montenegro [24] and Greece [21]. More than a half of the North 
Macedonian respondents (58.40%) eat out or eat a takeaway (as a main 
meal) and eat store-purchased readymade meals (e.g. frozen dinners), 
which is a result of the very dynamic way of living nowadays and 
dependent at a level p < 0.01 by age and education showing that rela-
tively younger and highly educated respondents are more prone to 
eating out or ready to eat meals. Interestingly, it seems that these habits 
have not been affected by the COVID-19 pandemic. 

The results of the study showed that the main reasons for throwing 
food at the household level were that the food was not edible as a result 
of the expiration date (44.40%), which is a consequence of bad food 
management at home especially during COVID-19 when a surplus of 
food is bought by some households and left uneaten. Almost the same 
percentage, 35.90% and 35.50%, of the respondents answered that food 
has mould and the food was left in the fridge for a long time, respec-
tively. About 32.1% of them throw leftovers. Jribi et al. [39] revealed 
that the reasons for discarding food in Tunisian households were over-
cooking (35%) and too long storage in the refrigerator (30%) while in 
Finland [56] the main reasons for disposing of food were spoilage [e.g. 
mould (29%), past “best before or use by” date (19%)], leftovers from 
dining (14%), and preparing food over needs (13%). In Canada, the most 
common reasons for waste were the appearance of food, followed by its 
smell and expiration of best before date [15]. 

The case-processing summary (Table 5) depicts the number of cases 
included and excluded in the analysis, in total and by training and 
holdout samples. It is based on randomly assigning cases based on the 
relative number of cases. In the results for the independent variables, 

case processing summary showed that 536 samples and 218 samples 
were in two groups of training samples and testing samples, respectively 
(Table 5) and based on the entered independent variables into analysis, 
78.7% of perception of food wastage could be explained by these vari-
ables (Table 6). The importance of the independent variables defines the 
point showing how much of the amounts predicted by the network will 
change with variation of the independent variable values. Normalizing 
this importance is a simple procedure achieved by dividing the impor-
tance value by its larger value and expressed as a percentage [57]. It 
seems that the variables occupation, family members, and estimation for 
household food expenditure respectively had the greatest impact on the 
system classifying the subjects (Table 6). 

3.4. Extent of household food waste during COVID-19 pandemic 

Regarding how much food is thrown per week, 52.39% of the re-
spondents declare not to throw away food that is still consumable; about 
22.55% of them think to throw less than 250 g followed by those who 
declare to throw between 250 and 500 g (18.04%) (Table 7). Similar 
results were obtained in Egypt [8] and Montenegro [24]. On contrary, 
when direct measurement of food waste is done, the quantity of food 
waste is much higher. In Ontario (Canada), on average households 
disposed of 2.40 kg/week [16]. The results of Chi-square analysis 
showed that throwing of edible food is associated with gender (p < 0.05) 
and family members (p < 0.05). Females and households with 3–4 
members are more aware of throwing still consumable food. Similarly, 
Koivupuro et al. [11] declared that in Finnish households the amount of 
food wasted is associated with the size of the households and the gender 
while in Danish households the food waste mass is significantly influ-
enced by households size [12]. In the USA, the estimation of average 
household food waste was significantly associated with gender, house-
hold income quintile and education [14]. 

The survey results showed that most households declare to throw less 
than 2% of purchased food. The most wasted food groups are cereals and 
bakery products, fruit, vegetables, and milk and dairy products 
(Table 8). Meanwhile, meat and meat products and fish and seafood are 
the least wasted food products. This might be due to the higher prices of 
meat and seafood, which implies that people buy low quantities and pay 
more attention to them through proper handling and storage at home. 

Table 5 
Case-processing summary to classification.  

Sample Observed Predicted 

No wastage Wastage Percent Correct 

Training No wastage 225 52 81.2 
Wastage 62 197 76.1 
Overall Percent 53.5% 46.5% 78.7 

Holdout No wastage 75 43 63.6 
Wastage 58 42 42.0 
Overall Percent 61.0% 39.0% 53.7 

Dependent variable: Food wastage. 

Table 6 
Importance of predictor variables in predicting the perception of food wastage.   

Importance Normalized 
importance 

Gender 0.038 23.1 
Level of education 0.136 83.2 
Occupation 0.163 100.0 
Household composition 0.086 52.9 
Food shopping frequency 0.104 63.8 
Estimation for household food 

expenditure 
0.145 88.9 

Using a shopping list 0.079 48.2 
Age 0.091 56.0 
Family members 0.157 96.4  
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Similar results on discarded food groups were obtained in the 
Netherlands [13], Finland [56], Morocco [7], Egypt [8], Turkey [18], 
Algeria [20], as well as in Italy [58,59], Hungary [55] and Tunisia [19, 
39]. 

3.5. Economic value of household food waste 

Most of the respondents (53.18%) declare that they spend less than 5 
EUR on food wasted while 42.04% of them say to spend between 5 and 
25 EUR (Table 9). In Montenegro, about 52.80% of the respondents 
answered that the value of wasted food was between 5 and 25 EUR per 
month [24]. In Italy, during the economic crisis, the majority (60.50%) 
of the respondents indicated that they spend less than 5 EUR while only 
5% of waste was thought to exceed € 21 per week [58]. The economic 
value of household food waste is significantly associated with age (p <
0.01) and occupation (p < 0.05). Respondents aged from 25 to 54 as well 
as in paid work respondents have higher economic values of household 
food waste. Interestingly, family size did not affect significantly the 
economic value of food wastage, which might imply that it is rather a 
question of management than the quantity of food that is purchased and 
handled (that is generally positively correlated with the number of 
family members). 

3.6. Willingness and information needs to reduce food waste 

Respondents believe that they would be more aware and responsible 
to avoid wasting food if they had more information on the negative 

impacts of food waste on the environment (38.10%), suitable packaging 
of food (35.10%) and if they would pay higher taxes on the basis of what 
is thrown away (21.60%). In addition, most of the respondents (42.70%) 
are willing to get more information about the tips on how to conserve 
food properly followed by those (39.30%) who want to get information 
for organizations and initiatives that deal with food waste prevention 
and reduction (e.g. food banks). About a third of the respondents 
(33.40%) would like to be informed about the freshness of products and 
27.10% of them to get information for recipes with leftovers. In Tunisia, 
respondents want to be better informed about the negative impacts of 
food waste on the environment (24.00%) and the economy (10.00%). 
Also, 16.00% of the respondents stated that they would reduce food 
wastage if they had to pay taxes on generated food waste. Tunisian re-
spondents also expressed concerns about the packaging, specifically for 
the size (18%) and clear labels (7%) [39]. van Geffen et al. [60] argue 
that people will implement a goal to lower waste levels more easily 
when they simultaneously can act upon other valued goals and without 
spending too many resources (e.g. turning leftovers into tasty new meals 
in a short amount of time). 

3.7. Food purchase and wastage behaviours: comparison of COVID-19 
and pre-COVID situations 

About shopping behaviours during COVID-19 (Table 10), most of the 
respondents (48.28%) go shopping like they used to, followed by those 
(45.76%) who rarely go shopping. Only 5.97% buy food online. 
Therefore, it might be argued that the COVID-19 pandemic changed the 
shopping behaviours and habits of about a half of the sample. Interest-
ingly, more people are buying food online, which was not the case in 
North Macedonia before the COVID-19 emergency. 

About changes in the extent of daily purchase during COVID-19, 
more than a half of the respondents (51.99%) answered that they buy 
food as they used to while 32.10% of the respondents buy more than 
usual, this might be due to some panic buying and food stockpiling 
behaviours and/or that people for concerns about the virus contagion 
prefer to go out of home and to go shopping as less as possible. The 
results of Chi-square analysis showed that shopping behaviours and 
extension of daily purchase during COVID-19 are highly associated with 
the level of education (p < 0.01), so respondents with higher education 
are more prone to conscious behaviour during COVID-19. 

Concerning the most purchased types of food during COVID-19, 
which had multiple answers, answers were: vegetables (72.30%), 
fruits (68.60%), milk and dairy products (57.40%), cereals and bakery 
products (57.00%) and meat and meat products (49.90%). 

Table 7 
Extent of household food waste (n = 754).  

Variables All (%) Gender Age Education Occupation Family member 

Approximately, how much of still consumable food your household throws away in a week?  12.60* 25.81 21.90 17.42 38.14* 
I do not throw away food that is still consumable 52.39      
Less than 250 gr 22.55      
Between 250 and 500 gr 18.04      
Between 500 gr and 1 kg 5.31      
Between 1 kg and 2 kg 1.06      
More than 2 kg 0.66      

**p < 0.01, *p < 0.05. 

Table 8 
Percentage of the purchased commodity groups that household throws away.   

Less 
than 2% 

3–5% 6–10% 11–20% Over 
20% 

Cereals and bakery products 
(bread, rice, pasta, etc.) 

71.53 14.45 9.00 1.77 3.24 

Roots and tubers (potatoes, 
etc.) 

71.23 18.07 6.02 3.16 1.51 

Pulses and oil seeds (e.g. 
peas, chickpeas, olives, 
sunflowers) 

80.85 13.03 4.40 0.78 0.94 

Fruits 62.46 21.70 10.12 3.37 2.35 
Vegetables 60.15 25.15 9.55 3.33 1.82 
Meat and meat products 75.55 16.51 5.92 1.25 0.78 
Fish and seafood 86.91 9.21 2.42 0.65 0.81 
Milk and dairy products 70.79 17.77 7.57 2.16 1.70  

Table 9 
Economic value of household food waste (n = 754).  

Variables All (%) Gender Age Education Occupation Family member 

Please indicate the economic value of food waste generated each month by your household  6.07 33.49** 10.81 24.36* 15.66 
Less than 5 euros 53.18      
Between 5 and 25 euros 42.04      
Between 25 and 50 euros 3.85      
More than 50 euros 0.93      

**p < 0.01, *p < 0.05        
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Regarding the changes in food wastage during the COVID-19, 
57.20% of the respondents answered that there are no changes in 
wastage of food while 34.70% of them answered that they throw more, 
which can be attributed to that they spent more time at home or working 
from home as this is associated to the occupation of the respondents (p <
0.05). 

4. Conclusions 

The present cross-sectional survey suggests that the COVID-19 
pandemic affected perceptions about food purchase, consumption and 
wastage in North Macedonia. Shopping behaviour during the COVID-19 
crisis has changed dramatically when it comes to buying food. Under 
normal circumstances, before the outbreak of the pandemic, North 
Macedonian consumers bought reasonable food quantities as needed for 
two or three days. During the COVID-19 pandemic, consumers bought 
larger quantities of food in supermarkets, but purchases were less 
frequent. The most purchased groups of food during the COVID-19 
outbreak are vegetables and fruits, which is obvious bearing in mind 
the big health concerns during the pandemic. Before the crisis, food 
waste management at the household level showed that care was not 
taken about unused food and the percentage of food thrown away. 
Awareness individually and at the household level changed during the 
pandemic. Namely, the percentage of unused and discarded food is 
much lower, and this is due not only to restricted family budget (due, 
among others, to the economic effects of the pandemic), but also to the 
more developed food awareness. Food loss and waste is a large and 
complex problem that has dual relationships with national and corpo-
rate policies, natural resources, climate change, economies and markets, 
human behaviour and culture, social conditions, technology, infra-
structure and investment. In order to solve this problem, there is a need 
for further more precise surveys (waste composition analysis or a diary 
study). This will help to develop a national strategy for food waste and 
loss reduction tailored to the specific needs of the country and harmo-
nized with the relevant national legislation. 
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