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A B S T R A C T

Background: The COVID-19 pandemic affects all aspects of human life including their food consumption. The
changes in the food production and supply processes introduce changes to the global dietary patterns.
Scope and Approach: To study the COVID-19 impact on food consumption process, we have analyzed two
data sets that consist of food preparation recipes published before (69,444) and during the quarantine (10,009)
period. Since working with large data sets is a time-consuming task, we have applied a recently proposed
artificial intelligence approach called DietHub. The approach uses the recipe preparation description (i.e.
text) and automatically provides a list of main ingredients annotated using the Hansard semantic tags. After
extracting the semantic tags of the ingredients for every recipe, we have compared the food consumption
patterns between the two data sets by comparing the relative frequency of the ingredients that compose the
recipes.
Key Findings and Conclusions: Using the AI methodology, the changes in the food consumption patterns
before and during the COVID-19 pandemic are obvious. The highest positive difference in the food con-
sumption can be found in foods such as ‘‘Pulses/ plants producing pulses’’, ‘‘Pancake/Tortilla/Outcake’’, and
‘‘Soup/pottage’’, which increase by 300%, 280%, and 100%, respectively. Conversely, the largest decrease
in consumption can be food for food such as ‘‘Order Perciformes (type of fish)’’, ‘‘Corn/cereals/grain’’, and
‘‘Wine-making’’, with a reduction of 50%, 40%, and 30%, respectively. This kind of analysis is valuable in
times of crisis and emergencies, which is a very good example of the scientific support that regulators require
in order to take quick and appropriate response.
1. Introduction

In late December 2019, a pneumonia disease appeared in Wuhan,
China, which has spread globally resulting in the 2019/2020 coro-
navirus pandemic, known as COVID-19 disease and caused by the
coronavirus-2 (Hui et al., 2020). Since both lives and livelihoods are at
risk from the epidemic, the World Health Organisation (WHO) provides
protective measures that we should take into consideration (Ghebreye-
sus, 2020). Some of the measures taken in almost all countries are
border closures and quarantines, which affect all aspects of human life
including food and agriculture systems.

The United Nations’ Food and Agriculture Organisation (FAO) has
already discussed the impact of the COVID-19 pandemic to the world’s
food and agriculture systems. They point out that, based on the highly
globalized nature of today’s food production and supply, commodities
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need to move from the world’s source of grain supply to where they
are consumed (Food and Agriculture Organization (FAO) of the United
Nations, 2020). The protective measures the governments across the
world have implemented restrict people’s access to abundant, diverse
and nutritiously sufficient sources of food. According to FAO, due to the
various effects of the global pandemic, the overall global consumption
will be limited while introducing changes to the global dietary patterns.
In almost all countries access to the food markets is restricted and
limited, while the restaurants and venues are closed. This further affects
the way how people buy and consume food. These reasons also shifted
the food consumption patterns to favor preparing meals and eating at
home.

Furthermore, restrictions on shipments have lead to potential short-
ages of some food products, especially related to fresh fruits and
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Fig. 1. Absolute differences between the relative frequencies of each semantic tag.
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vegetables, fish and fish products, and other food products of similar
perishable nature. This furthermore affects seasonal workers, like those
working on farms. Consequently, this further affects and decelerates
the food production process. Another economic factor is that during
the pandemic, many people are exposed to limited earnings at least on
some scale, which could additionally have an impact on global food
consumption patterns.

2. Food consumption pattern analysis using AI

To explore the COVID-19 impact on food consumption, we decided
to make a quick study analyzing recipes for the preparation of food
269
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published before and during the quarantine. This data is easily acces-
sible and may reflect dietary habits of people during the quarantine.
We collected two sets of recipes published on AllRecipes – i.e., the
argest food social network where everyone can discover and share
ecipes (https://www.allrecipes.com/). Checking the statistics about
his network (Allrecipes, 2020), we can see that it covers cuisine from
4 countries, there are 1.5 billion visits per year, and 68 percentage of
sers are female. The first data set is a collection of recipes published
efore the quarantine started. It is a mix of recipes from the categories
iet and Health, World Cuisine, and Cooking Style. Our aim was to
lobally explore the impact on food consumption, not limited only to a
pecific diet or region. The second data set consists of recipes published

https://www.allrecipes.com/
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and classified under the category of Quarantine Cooking and they are
lso coming from different diets and regions. Our data sets for pre-
uarantine and quarantine period consist of 69,444 and 10,009 recipes,
espectively.

To analyze the recipes, we applied our recently proposed method-
logy, DietHub, based on artificial intelligence (AI) (Petković, Popovski
t al., 2020). It takes as an input the textual description of the prepa-
ation process of a recipe (disregarding the list of ingredients as our
ocus is on understanding the textual data), and as output produces
list of main ingredients automatically annotated using food semantic

ags available in the Hansard corpus (Alexander & Davies, 2015). Those
emantic tags describe the meaning of food-related concepts (such as
ames of food ingredients and cooking procedures) specified in the
extual description. Namely, such concepts in collectively gathered
ecipes are written in various ways; while some contributors use literary
anguage, others use spoken language or even dialects. Therefore, an
nnotation task is a challenging one and requires advanced computer
echniques. We should also mention that the methodology DietHub uses
ood semantic tags that are organized in a hierarchy, starting from
roader food concepts (i.e. food groups) and going down to more
pecific food concepts (i.e. food subgroups). DietHub is trained using
n annotated corpus of recipes, known as FoodBase (Popovski et al.,
019), and is based on representational learning (learning embeddings
or recipe description) coupled with predictive modeling (in our case,
ierarchical multi-level classification) (Kocev et al., 2013; Petković
t al., 2017). In a nutshell, by using this methodology, we are able to
xtract the main ingredients from each recipe, where the ingredients
re annotated with hierarchical semantic tags from the Hansard corpus.

. COVID-19 impact on food consumption patterns

By applying the AI methodology on the pre-quarantine and quaran-
ine data sets of recipes, we automatically assigned the semantic tags
f the ingredients used in the recipes. Next, we compared the relative
requency of the ingredients (i.e., the food semantic tags) that compose
he recipes. The relative frequency of each semantic tag was calculated
y dividing the count of semantic tag in each data set with the number
f recipes in that data set. Since our food semantic tags are organized
n a hierarchy, we made the comparison twice, once using the food
emantic tags that are on the deepest level of the hierarchy (i.e., to the
ost specific ingredients, e.g. cheese, butter), and then using the tags

n a higher level leaf (i.e., to more general food concepts, e.g. diary
roduce). The results are presented in Figs. 1 and 2.

.1. Statistical analysis of relative frequencies of food semantic tags

The absolute differences between the relative frequencies for each
emantic tag during the quarantine and pre-quarantine in both cases
re presented in Fig. 1. By inspecting the graph for the more specific
emantic tags in Fig. 1(a), we can note that the frequency of tags such
s Bread, Pancake/Tortilla/Oatcake, Cheese, Flour, Butter, Pastry,Eggs,
auce/dressing, has increased during the quarantine, while for semantic
ags such as Seafood, Citrus fruit, Salt, Spices, Fat/oil, Corn/cereals/grains,
Sweetener (syrup/honey/chocolate), Fruit juice/squash, has decreased.
imilar observations can be made for the more general semantic tags,
s depicted in Fig. 1(b).

Additionally, we illustrate the difference between the relative fre-
uencies of each semantic tag during the quarantine and pre-
uarantine, divided by the relative frequency of the semantic tag during
he pre-quarantine period (Fig. 2). These graphs show the fold change
f semantic tags that has occurred during the quarantine. Most startling
iscovery is the 300% increase of the frequency of the semantic tag
ulses/plants producing pulses. This semantic tag includes the following
tems dry beans, dry peas, chickpeas, cow peas, pigeon peas, lentils,
270

ambara beans, vetches, and lupines. Next, there is a ∼280% increase w
of Pancake/Tortilla/Oatcake, and ∼180% increase of Soup/pottage. Fur-
hermore, the frequency of the following tags has increased for more
han ∼100% in the quarantine period: Pastry, Fruit containing stone,
ake, and Beef. On the other side, the tags with reduced frequency

nclude the semantic tag Order Perciformes (perches) (i.e., fish) (∼50%
reduction), Corn/cereals/grain (∼40% reduction), Wine-making (∼30%
reduction), and with ∼10% reduction Citrus fruit, Pork, Water, Seafood,
ruit juice/squash and Herbs.

.2. Health implications

From the figures, we could conclude that from the perspective of
ealth, it is very positive that the frequencies of salt, fat/oil, sweets
nd fruit juice/squash have decreased during the quarantine. This can
e justified by the fact that home-made dishes contain less salt, fat
nd sugar than the pre-processed ones. It is also great to see that the
requencies of stalk vegetables, fruits as vegetables, fruit containing
tone, berries and pulses have increased. More worrisome is the out-
ome of decreased frequencies of corn/cereals/grain, seafood, citrus
ruits, particular vegetables and fruit, herbs and nuts, which present
ain ingredients of healthy diet (such as the Mediterranean diet). From

he perspective of agriculture, we should explore in more details our
utcome of increased eggs and beef, and decreased seafood, pork and
orn/cereals/grain. This may impact both the health of environment
nd global economy.

The interpretation is based on the analysis of the internet-sourced
ecipes posted by people from around the world. Considering this
ind of data sources, research has already shown that people have
roblems judging how healthy a meal is and need a support in a
orm of dietary recommendations (Trattner & Elsweiler, 2017). Also
he results of the study, presented in this communication, indicate that
ietary recommendations prepared by experts (Barazzoni et al., 2020;
FAD, 2020) need to be communicated more extensively during the
uarantine. This is especially important for those with special nutrition
eeds, such as obese people, patients with non-communicable chronic
iseases, pregnant and lactating women, seniors having several chronic
iseases, and of course for individuals with SARS-CoV-2 infection.

. Conclusion

By applying DietHub – an AI-based methodology, we are able to
nalyze the impact of the COVID-19 pandemic to the food consumption
atterns. From the results, the changes in the meal patterns are obvious.
his may have consequences (positive and negative) related to the
uman and environment health as well as to the global economy.
t can be expected that such meal patterns will remain stable across
he quarantine duration, and most probably the patterns after the
uarantine will change in comparison to the ones before, due to the
hanges from the pandemic (different types of food will be produced
nd manufactured due to the quarantine). With regard to the general-
zation, working with publicly available social data might undermine
he conclusions obtained. However, the large quantity of data collected
ompensates for that risk.

For future work, a more detailed study of the changes in meal
atterns for the complete duration of the quarantine will need to be
repared. More detailed in a sense to include localization by con-
idering specific regions, and specialization by considering different
iets (e.g., vegan, vegetarian, gluten-free etc.). These kind of studies
pen future possibilities for personalized as well as general recipe
ecommender systems. Additionally, since the COVID-19 pandemic is
till currently ongoing, we are planning to repeat the analysis in this

ork, once sufficient data is available.
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Fig. 2. Relative differences between the frequencies of each semantic tag. The values on the graphs should be interpreted as percentage increases of the values in the quarantine
eriod as compared to the non-quarantine period. For example, having a relative difference of 1, means that the frequency has increased for 100% in the quarantine period,
ompared to the non-quarantine period.
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