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ABSTRACT

In this paper, we investigate differences between recipes uploaded
by users and recipes bookmarked by users. The results indicate
that uploaded recipes outperform bookmarked recipes in terms
of healthiness. Further, health scores and nutritional values of
these recipes are highly related to the stated cooking interests: for
example, Southern Food lovers do not eat as healthy as those who
prefer the Mediterranean or Middle-Eastern cuisine. A disturbing
finding is that interest in the category Kids’ is associated with bad
values for all nutritional measures. We also found some interactions
between hobbies such as biking, hunting or knitting and nutritional
values. These insights pave way to the design of health-aware
recipe recommender systems that take a user’s food preferences
into account; in addition, taking a user’s lifestyle and hobbies into
account would provide valuable input to persuasive systems.
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1 INTRODUCTION

Several investigations' have shown that the recipes that users pub-
lish and read on online recipe sites are quite representative for
their actual eating habits and preferences. Unfortunately, as we
have shown in two recent earlier studies [22, 23], online recipes are
typically not very healthy. Users also tend to interact most with
recipes with lower scores in terms of nutritional value.

From social media research, it is known that users tend to present
themselves in a positive light, by carefully selecting the content for
their user profiles and timelines. Similarly, one would expect that
users would only post their best creations on recipe websites such as
Allrecipesz. It is not clear, though, whether these ‘best’ recipes are,

1h'['cp:/ /www.slate.com/articles/life/food/2016/05/allrecipes_reveals_the_enormous_
gap_between_foodie_culture_and_what_americans.html
2http://www.allrecipes.com
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on average, better in terms of nutrition, or rather in terms of taste
or festiveness [23]. In this paper, we investigate the differences
between the recipes that individual users bookmarked and the
recipes that they have uploaded. We do so by comparing individual
users’ actual preferences (as reflected by their bookmarked recipes)
with their self-presentation (their uploaded recipes) on Allrecipes.
Particularly, we focus on nutritional value and accordance with
health criteria as defined by the WHO and the FSA [12].

Further, it is likely that uploading and bookmarking behavior
- and the differences between the two - are influenced by the
user’s preferred cuisine. For instance, users who mainly interact
with recipes in the category ‘Vegetarian® are probably more health-
conscious (or are more likely to present them as such) than users
who mainly interact with ‘Grilling & Barbecue’. We investigate
this by comparing upload and bookmark behavior for the different
culinary interest categories on Allrecipes.

Finally, we explore the relation between individual users’ hobbies
and eating patterns in terms of nutritional values and types of
recipes. It is likely that athletic users who state ‘Biking’ in their
profiles have different preferences than users with ‘WineTasting’ as
a hobby; ‘Fishing’ and ‘Hunting’ are expected to have some obvious
impact on food preferences as well.

Contributions. We will show that, on average, the collection
of users’ uploaded recipes scores better in terms of nutritional
values than the bookmarked recipes; this indicates that health-
consciousness is part of users’ self-presentation. We will show that
some cuisines (e.g. Southern, Mexican) consistently perform worse
in terms of healthiness than others (e.g. Middle-Eastern, Indian).
These insights can be used for health-aware recommender systems
that better take the user’s culinary preferences into account. We
also discuss patterns between a user’s hobbies and eating habits,
which can create a basis for persuasive systems that provide tar-
geted motivating hints and relevant goals.

2 BACKGROUND

The way people interact with recipes online in the form of book-
marks, ratings or food posts on Twitter or other online food forums
can give clues about their real-world food preferences, eating habits
or health status [23]. Recently, there have been several notable stud-
ies on the online food context that analyzed the former mentioned
aspects in more detail. This section reviews the most relevant and
recent works in this area.

One of the most recent works in this context are the studies of
Kusmierczyk et al. and Trattner et al. who analyzed upload and
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Table 1: Basic statistics of the Allrecipes.com dataset con-
taining recipes, nutritional information and bookmarks of
users between the years 2000 and 2015.

Total published recipes 60,983
Recipes containing nutrition information 58,263
Users with published recipes 25,037
Recipes bookmarked 58,194
Bookmarks 17,190,534
Users who provided bookmarks 155,769

rating interaction data from the German community platform Koch-
bar.de [13]. The findings of these studies is that there are clearly
observable temporal trends in terms of nutrition (fat, proteins, car-
bohydrates, and energy) in the recipes. Similar patterns were also
observed by Wagner et al. [25] and West et al. [26]. West and col-
leagues furthermore found correlations between recipes accessed
via search engines and incidence of diet-related illness, which re-
sembles findings reported recently by Said and Bellogin [19], De
Coudhury et al. [6] and Abbar et al. [4] or Ofli et al. [14] in the
context of Allrecipes.com, Instagram and Twitter respectively.

Rokicki et al. [16] investigated differences in nutritional values
between user recipes created by different user groups finding, for
example, that recipes uploaded by females are, on average, richer
in carbohydrates. The carbohydrate content of recipes seems to
decrease with the age of the user mirroring the advice given by most
nutrition advice centers. Ahn et al. [5] mined and analyzed three
different large-scale online food community platforms from Europe,
the US and China to unveil patterns on how recipes vary between
regions and to find out which flavor components make, for instance,
Indian food different from the rest of the world. Yet another recent
work are the studies of Trattner and Elsweiler [22, 23], who found
that online recipes are not only significantly more unhealthy than
supermarket ready meals and TV chef recipes but also that users
of Allrecipes.com tend to interact with unhealthy recipes more
likely than with healthy ones. Finally, Wagner and Aiello [24] and
Rokicki et al. [17] studied gender differences in eating preferences
in the context of the online platform Flickr and Kochbar.de.

Although all of these works provide useful insights into real-
world eating habits, trends or health issues, not much work has
been done yet to understand how online food preferences relate
to nutritional properties of online recipes [23]. To contribute to
knowledge in this area, we present in this paper a study, showing
that there are significant observable differences in terms of nutri-
tional values (health) of online recipes and people’s uploading and
bookmarking behavior. Furthermore, we study these in the context
of stated cooking interests and hobbies and provide insights what
that would mean for the implementation of health-aware food re-
commender systems [8, 11] that rely on the users bookmarks and
upload history as training instances.

3 MATERIALS

In this work, we make use of a web crawl of the online platform
Allrecipes.com that has been performed in July 2015. The crawler
collected 60,983 recipes, 25,037 user profiles and 17,190,534 book-
marks generated between the years 2000 and 2015 on the Allre-
cipes.com website. We focus only on recipes that have been pub-
lished on the main site and ignore personal recipes, which are often

incomplete and do not provide nutrition information. Recipes and
according user profiles were collected through the Allrecipes.com
sitemap available through the robots.txt file.

Allrecipes.com was chosen as it claims to be the world’s largest
food-focused social network. The site has a community of 40 million
users who annually access 3 billion recipes and who originate from
about 24 countries [2].

In addition to the bookmarks and user profiles (stating among
other things the users’ hobbies and cooking interests), the following
information was collected for each recipe: total energy (kCal), pro-
tein (g), carbohydrate (g), sugar (g), sodium (g), fat (g) and saturated
fat (g). The nutritional meta-data was available via Allrecipes.com
and collected during the main crawl. Allrecipes.com estimates the
nutritional content for an uploaded recipe by matching the con-
tained ingredients with those in the ESHA research database [3].
Table 1 provides an overview of the basic statistics of the dataset.

4 METHODS

In the following section, we describe briefly the methods employed
in our research.

Data Preprocessing. Our analysis contrasts the nutritional prop-
erties and the healthiness of uploaded and bookmarked recipes.
Furthermore, we are interested in studying this in the context of
the users’ stated cooking interests and hobbies. To this end, we
restrict our analysis to users who have uploaded and bookmarked
at least one recipe at the same time. In total, this reduces the ori-
ginal dataset with 25,037 users uploading recipes to 7644 users. In
order to obtain the users’ hobbies and cooking interests, the user
profiles of all online cooks were parsed. In total, Allrecipes allows
the users to state 20 unique hobbies and 20 unique interests which
are pre-defined by the platform and can be added to the users pro-
files. On average, we could observe that in our data sample users
in Allrecipes have five hobbies stated and seven cooking interests.
An overview of the two distributions is given in Figure 1.

Measuring the Healthiness of Recipes. To determine the healthi-
ness of an online recipe, we make use of two recognized interna-
tional standards: The World Health Organization (WHO) guidelines
[1] and the UK FSA “traffic light” system for labeling food [27]. The
FSA score is based on traffic light labels — green for healthy, amber
and red for unhealthy - for four macro-nutrients (sugar, sodium,
fat and saturated fats). In order to derive a single metric, we follow
the procedure of Sacks et al. [18] who first assign an integer value
to each color (green=1, amber=2 and red=3) then sum the scores
for each macro-nutrient, resulting in a final range from 4 (very
healthy recipe) to 12 (very unhealthy recipe). The WHO score is
based on compliance to recommended ranges for a larger number
of macro-nutrients. We follow the approach of Howard et al. [12],
who chose the 7 most important nutritional measures (i.e. proteins,
carbohydrates, sugars, sodium, fats, saturated fats, and fibers) and
their corresponding ranges to determine a so-called WHO health
score, ranging from 0 to 7. A recipe with a WHO score of 7 (all WHO
ranges are fulfilled) is interpreted as being very healthy, whereas a
score of 0 (none of the ranges are met) is seen as very unhealthy.
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Figure 1: Distributions of interests and hobbies in user pro-
files for users with at least one upload and one bookmark.

This framework has already been successfully applied in our pre-
vious work that investigated the healthiness of internet-sourced
recipes [22, 23].

Statistical Analysis. We test for significance of differences in the
distributions of per user nutrition values for uploads and bookmarks
by means of Wilcoxon Rank-Sum test. Further, we distinguish users
based on the hobbies and cooking interests reported in their profiles
on the platform. To test for differences in healthiness between indi-
vidual hobbies or individual interests, we perform Kruskal-Wallis
tests and employ Dunn’s test (with Bonferroni correction) as a post-
hoc test method to identify specific pairwise differences within the
two groups (uploads and bookmarks). To test for significant differ-
ences between groups Wilcoxon Rank-Sum tests were performed.
For space reasons, the specific p-values for these statistical compar-
isons could not be included into this paper, as for every sub-plot
(macro-nutrient) as shown a Figure 3 and 4 one large p-value matrix
was produced. However, the two plots provide error bars, which
help to estimate whether or not there is a significant difference
in terms of observable means. In fact, where the error bars of the
upload and bookmark group overlap (and also between the two
groups), no statistically significant differences are observable.

5 RESULTS

We start this section with a discussion on differences in nutritional
values between uploaded and bookmarked recipes. After this gen-
eral comparison, we separate users first with respect to their cook-
ing interests and then with respect to their hobbies. Several inter-
esting as well as disturbing patterns have been found.
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Figure 2: Means and std. errors in terms of macro nutrients
(normalized to 100g per recipe) and health scores for recipes
bookmarked (book) and uploaded (up). As shown there are
sign. observable differences between what people actually
upload and what they like (bookmark). All pairwise compar-
isons show statistically significant differences employing a
Wilcox Ranksum test (p <.001).

5.1 Uploads vs Bookmarks

In Figure 2, the average values for several relevant nutritional
aspects are given. Bottom-right are the calculated health scores
according to the FSA and WHO (see Section 4 for more details). For
FSA, lower values indicate healthier meals; for WHO, higher values
are healthier. For both measures, the uploaded recipes outperform
the bookmarked recipes in terms of healthiness significantly - with
FSA scores of 8.36 (hookmarks) vs 7.97 (uploads, p < .001) and WHO
scores of 1.82 (bookmarks) vs 1.96 (uploads, p < .001).

When looking at the individual nutritional aspects, we can see
the largest differences for energy (215.07 vs 186.04, p < .001), satur-
ated fat (10.83 vs 8.68, p < .001), sugar (4.46 vs 3.76, p < .001) and
carbs (22.41 vs 18.54, p < .001) — aspects that are closely associated
with illnesses such as heart diseases and diabetes [27]. Interestingly,
the differences for sodium are relatively small.

In sum, on all aspects uploaded recipes have better nutrition
scores than bookmarked recipes. Without a qualitative study, it
is hard to prove that this is a result by users’ desire for positive
self-representation in terms of health. We suspect, however, that
this is not the case: nutritional values are relatively invisible in the
user interface compared to a recipe’s title, ingredients, preparation
steps and pictures [9].

5.2 Cooking Interests and Hobbies

Thus far, we have looked at differences between uploading and
bookmarking behavior for recipes in general. However, it is likely
that different types of users have different behavior. In this section,
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Figure 3: Means and std. errors in terms of macro nutrients (normalized to 100g per recipe) and health scores for recipes
bookmarked and uploaded in the context of cooking interests denoted by the users in Allrecipes.com. Red dots highlight
bookmarks and bluish green dots uploads. A Kruskal-Wallis test performed for each macro-nutrient and health score reveals
there are sign. differences within the two groups - uploads and bookmarks (p <.001).

we separate users with respect to their cooking interests and their
hobbies. Users could choose these elements from a list to be included
in their user profile. The distribution of cooking interests and
hobbies is displayed in Figure 1. As expected, general hobbies
such as reading, music and walking are far more prevalent than
more specialized hobbies such as quilting or hunting. Regarding
cooking interests, ‘Baking’, ‘Ttalian’ and ‘Mexican’ food are mostly
represented, which reflects a largely female and largely Western-
American user population. ‘Low Carb’ and ‘Nouvelle’ (Cuisine) are
at the bottom of the list.

Cooking Interests. Figure 3 shows the nutritional values for the
uploaded (bluish green) and bookmarked (red) recipes. For each
diagram, the cooking interests are sorted in descending order with
respect to the values for uploaded recipes.

In almost all cases, the values for bookmarked recipes are higher
than for uploaded recipes (remember that the scale is opposite
for the WHO scores) and distances are about similar for cooking
interests on each measure. A notable exception is sodium, with
relatively lower values for bookmarked recipes in the categories
‘Frying’ and ‘Kids’ - but in absolute numbers these are the meals
with highest sodium values.

A disturbing observation is that the cooking interest ‘Kids’ has
high (unhealthy) scores on the FSA scale and low (unhealthy) scores
on the WHO scale. The ‘Kids’ category scores consistently high on
energy, sodium, fat, saturated fat, sugar and carbs. Only for protein,
the Kids category has average values.

On the healthy side, ‘Vegetarian’, ‘Middle-Eastern’, ‘Indian’ and
‘Mediterranean’ are among the top, according to FSA and WHO,
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Figure 4: Means and std. errors in terms of macro nutrients (normalized to 100g per recipe) and health scores for recipes
bookmarked (red dots) and uploaded (bluish green dots) in the context of hobbies denoted by the users in Allrecipes.com. A
Kruskal-Wallis test performed for each macro-nutrient and health score reveals there are sign. differences within the two

groups - uploads and bookmarks (p <.001).

only then followed by ‘Healthy’. This confirms that these four
cuisines are, on average, healthier than other cuisines. By contrast,
the category ‘Southern’ (Southern United States)®, which is known
to be rich in gravy* consistently is on the unhealthy side of the
spectrum.

Hobbies. The average nutrition values for uploaded and book-
marked recipes for each hobby category are depicted in Figure 4,
similar as in the previous figure. From the less regular patterns
for the bookmarks, it can be observed that the relation between
hobbies and eating patterns is less straightforward than for cooking
interests. Still, some trends can be observed.

3https:/ /en.wikipedia.org/wiki/Cuisine_of the_Southern_United_States
4http://www.prevention.com/food/healthy-eating-tips/southern- diet- might-be-lea
st-healthy-nationwide

Active hobbies, such as ‘Biking’, ‘Hiking’ and ‘Boating’ are as-
sociated with lower intake of energy, fat and carbs. People with
an interest in ‘Hunting’ and ‘Fishing’ score high on protein and
sodium, which was to be expected. Creative ‘feminine’ hobbies
such as knitting and sewing are associated with high fat, sugar and
carbs, which is associated with baking (as discussed in more detail
in [17], baking is a female-dominated activity).

6 DISCUSSION AND CONCLUSIONS

In this paper, we showed several differences in users’ food prefer-
ences. Explicitly indicated preferences, as expressed by the recipes
they upload themselves, are generally healthier than implicitly in-
dicated preferences, as expressed by the bookmarked recipes. Fur-
thermore, we have shown that the average nutritional values - and
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the differences between uploaded and bookmarked recipes - vary
quite a bit between cooking interests and corresponding cuisines.
Some hobbies are related to specific eating patterns as well. We
believe that these findings provide a basis for more targeted and
persuasive recommendations.

As we previously argued in [17], food preferences are not only
guided by taste, but also by other aspects, such as dietary needs,
seasonality, availability of ingredients, and societal conventions and
expectations. Relatively successful attempts have been made to im-
plement health-aware food recommenders [7, 9, 11, 23], but mainly
making use of simple content-based or collaborative methods. As
stated in the conclusions of Freyne and Berkovsky [10], generat-
ing recipe recommendations needs a more complex approach and
particularly diversity and user satisfaction need to be guarded.

Tailored health communication is an approach in which data
about a specific user are used to determine the most appropriate
strategy to meet that person’s unique needs [15]. Persuasive tech-
niques play an important role in the process. We believe that —
particularly given the observed differences between user groups —
taking the user’s culinary interests and lifestyle (in terms of hob-
bies) into account would form a basis for improved explanations
and persuasive strategies in future recipe recommender systems
[21]. A “Grilling and BBQ’ enthusiast with hobbies such as ‘Hunt-
ing’ and ‘Fishing’ arguably needs different motivations than an
‘Indian Food’ lover who enjoys ‘Knitting’ and ‘Painting’. Particular
attention should be paid to user groups — and recipe categories —
that consistently and disturbingly perform bad in terms of nutrition,
such as ‘Kids’.

Health-aware recipe recommendation usually makes use of the
same (content-based or collaborative) strategies throughout the
whole recipe collection [20]. Given the differences in terms of
nutritional values, as well as in ingredients and preparation methods
(such as the use of oil and fat, or salt) that we found in this paper, it
would be very worthwhile to investigate cuisine-specific strategies
— and explanations - for providing healthy recommendations that
convince and satisfy the user.

Our analysis is based on a representative, large dataset drawn
from Allrecipes.com, the world’s largest food-focused social net-
work, with users from a large number of countries. However, the
number of cooking interests and hobbies that users could indicate
in their profiles is fixed, and it seems that Allrecipes’ selection of
cooking interests and hobbies to be included did involve some sub-
jective choices. For this reason, a deeper analysis of the impact of
user lifestyle on dietary choices has not been possible using this
dataset. We plan to continue this analysis with a different dataset
of a recipe website that contains full-text user profiles.
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