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Abstract

We maintain a knowledge base of food items and food composition data, WikiFCD. We source food
composition data from published sources such as food composition tables (FCTs) and scientific papers.
As we ingest data sets, we need to match food items to corresponding identifiers from the Food Ontology
(FoodOn). We describe the process of matching food items to FoodOn identifiers in a knowledge base of
food composition data. We describe a software tool called LexMapr that can be used to bulk match food
items to FoodOn identifiers. We have found that the LexMapr tool reduces the time needed to match
food items to their corresponding FoodOn identifiers.
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1. Introduction

When people search for food composition data they are often looking for data available on
the web. One of the largest cost-free online databases of food composition data is Food Data
Central from the USDA [1]. Food Data Central contains many information about packaged
food items that are sold in grocery stores. It also contains many records for a variety of fruits
and vegetables typically consumed in the United States. Despite the breadth of Food Data
Central, we lack food composition data for the thousands of cultivars of fruits and vegetables,
and for food items that are consumed in other parts of the world. Having web access to food
composition data about many plant and vegetable foods that are part of the human diet is crucial
for being able to represent a diversity of dietary intakes across communities.

Research into human diets often involves asking people what they have eaten, known as food
intake data [2]. When processing food intake recall data, researchers are limited to recording
food items for which they have food composition data. If food composition data for a food item
is not found, a substitution is made [3]. Gaps in coverage of food items reduce the quality of
studies that involve food intake procedures. Increasing the number of food items for which we
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have food composition data available in a public knowledge base will improve research data
related to food intake.

Food composition data are available for many plant foods in the food composition tables
(FCTs) published at the national level and scientific articles that describe one or more food
items in detail [4]. Many of these tables are available online as PDF or CSV files. This means
that researchers would need to read through the full table to discover if the food item they are
interested in is included and then convert them to a different format in order to import them
into their own systems. Researchers estimate that ten thousand species of plants are edible [5].
Even the largest food composition databases on the web lack food composition data for many
of these foods.

Human diets that consist of plant-based foods are more environmentally sustainable than
human diets that include animal-based foods [6]. We aim to provide food composition data for
additional plant-based foods that we source from published literature. This goal complements
work to move toward more sustainable human diets [7]. We hope to support researchers,
software developers, and communities who need accurate food composition data for more of the
plants that humans consume. In order to accommodate a flexible, extensible data model, provide
search and SPARQL query access on the web, support multilingual data and open contributions
to the community we decided to create a knowledge base for this data.

2. The WikiFCD Knowledge Base

WikiFCD is a knowledge base of structured data about food items and their nutritional com-
position [8]. We accept data from published sources about food items. Our aim is to improve
accessibility of these data by offering an online, public, multilingual resource that consolidates
food composition data'.

The WikiFCD knowledge base is open to contributions from anyone who would like to add
food composition data. We support a peer-production model for contribution[8]. The data are
free for anyone to reuse, meeting the need for cost-free, web-based access to food composition
data for foods.

We use Wikibase, an extension of MediaWiki, as the platform for WikiFCD. Wikibase is the
software that enables Wikidata, a public knowledge base that supports projects of the Wikimedia
Foundation[9]. Wikibase includes a SPARQL endpoint that provides query access to the data
[10].

We designed our data model to accommodate food composition data from a wide variety
of sources. We have mapped some of the WikiFCD properties to properties in the Wikidata
knowledge base, and our public SPARQL endpoint supports federated SPARQL queries that
combine data from Wikidata with data from our own knowledge base. This allows us to benefit
from the nutri-informatics approaches that mapping biomedical resources to Wikidata makes
possible [11]. Wikidata contains thousands of properties dedicated to mapping Wikidata items
to related information in external databases[12]. Through mapping our Wikibase to Wikidata,
we gain the ability to combine our data with data from the Wikidata knowledge base as well
as identifiers for millions of concepts in thousands of other information systems, databases,

'The WikiFCD knowledge base is available at: https://wikifcd.wiki.opencura.com/wiki/Main_Page
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Figure 1: Example of a section of the India FCT

and websites. This is relevant for people interested in food and human health because projects
such as the Gene Wiki initiative have added human gene information and data from the Disease
Ontology to Wikidata [13]. By writing federated queries we can ask questions about food items
in combination with questions about aspects of human biological processes.

3. Adding Data to WikiFCD

People contributing to WikiFCD often start from food composition tables (FCTs) that have been
published, many of which include data about hundreds of food items. Figure 1 is an example of
a page from the India FCT. Research teams that publish FCTs typically include the name of the
food items in English, common names of the food items in one or more languages spoken in the
region covered by the dataset, and a selection of macro- and micro-nutrient values for the food
items. Occasionally the FCT authors include the Latin binomial name of the plant species from
which the food item is derived. We then review all of the columns in the dataset and prepare a
mapping from the column names to relevant properties in WikiFCD.

The WikiFCD team recently completed an integration with the Food Ontology (FoodOn) [14].
For new data to be added to WikiFCD we now need a process through which we can match food
items to their FoodOn identifiers. Some FCTs include hundreds of food items, so we require an
effective way to undertake food items matching that will scale to the size of the incoming data
sets.

4. FoodOn

The Food Ontology (FoodOn) is an ontology of food items, relationships to species, food
processes, and cross references to other ontologies [15]. FoodOn is built upon LanguaL, and
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Figure 2: Screenshot of search for "tomato’ in WikiFCD showing 3,929 results.

incorporates the food items from LanguaL [16]. The FoodOn curating team actively extends the
ontology and continues to add new terms as needed. We find FoodOn to be a valuable resource
that is used across multiple domains from agriculture, to food science, health sciences among
others. By adding FoodOn identifiers to food items in our knowledge base we expect that our
data will be easier for others to reuse for their own needs.

FoodOn is a member of the Open Biomedical Ontologies (OBO). This umbrella organization
ensures the interoperability of member ontologies and provides tools, such as the Dashboard
and automated tests, which help improve the quality of each individual ontology [17].

Adding a property for the FoodOn identifier to food items is a helpful way for us to group
items. Using FoodOn as a pivot ontology is a useful way to bring together food items from
disparate published sources [18]. Because we integrate data from many sources, we have many
composition profiles for the same food item. For example, in Figure 2 we see a screenshot of a
search for ’tomato’ in WikiFCD with a red rectangle around the results of the search showing
that 3,929 items in the knowledge base contain the string tomato’.

5. Using LexMapr to Identify Food Items

We used the LexMapr tool to automatically match food items with corresponding FoodOn
identifiers®. This use builds on the work of other groups who have successfully used LexMapr
[19, 20, 21]. LexMapr is a Python program that reads a list of food item labels and then returns
the following columns: Sample_Desc, Processed_Sample, Processed_Sample (With Scientific
Name), Matched_Components, Match_Status(Macro Level), and Third Party Classification, as
seen in Figure 3.

Zhttps://lexmapr.cidgoh.ca/user-guide/
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Figure 3: Layout of result data produced by LexMapr

The first column of the results from LexMapr, Sample_Desc, is the original string supplied
in the uploaded CSV. The second column, Processed_Sample, is the string that LexMapr uses
for searching. The third column, Processed_Sample (With Scientific Name), is the string from
the second column with a Latin binomial scientific name for the species from which the food
item is derived. The fourth column, Matched_Components, contains the label and identifier for
any FoodOn terms that match components of the string from column two. The fifth column,
Match_Status(Macro Level), contains an indication of the type of match. The sixth column,
Third Party Classification, provides a food type for the food item.

LexMapr emits a column of data that indicates if each row of data is a a ‘Component Match’
a ‘Full Term Match’ or a ‘No Match’. We have found that if LexMapr finds a ‘Full Term Match’
for a food item, that match is likely to be accurate. When LexMapr finds a ‘Component Match’
we need to review the match to see if it is a correct match.

For example, in the Nigeria Food Composition Table one of the food items is
‘acha’. LexMapr proposed a component match ‘[’food (raw):FOODON_03311126’, *whole
grain:FOODON_00003950’]". We reviewed this result with members of the FoodOn curation
team and found that ‘acha’ needs to be added to the list of synonyms for ‘fonio’. After this
addition, future users of LexMapr will find that ‘acha’ will match with ‘black fonio grain’ with
FOODON 03540018 as the identifier.

The column ‘Processed_Sample (With Scientific Name)’ is produces useful data related to
the scientific name of the organism from which the food item is produced. Due to the fact that
some of the FCTs we integrate into our knowledge base do not provide this information, we
can leverage results from FoodOn to enrich our data.

After running LexMapr, we conduct a manual review of all rows that have ‘Component
Match’ in column four. The component matches require human review because sometimes
the correct FoodOn identifier is provided, sometimes multiple possible FoodOn identifiers are
provided, and sometimes multiple potential matches are provided but are not relevant.

LexMapr provides automated matching of food items to FoodOn identifiers that will save us
time when compared with manually searching FoodOn to find identifiers. We anticipate that
LexMapr will gain accuracy as we add synonyms to FoodOn when we find evidence for them in
our inventory of FCTs from all over the world®.

*The LexMapr output for an entire FCT in the WikiFCT knowledge base is available at https://wikifcd.wiki.open-
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Figure 4: Three food items from our knowledge base that contain multilingual data.

6. Proposing Terms for FoodOn

Due to the fact that we integrate food composition tables from all over the world, we have
a diverse pool of food items in WikiFCD. Some of these food items are not yet represented
in FoodOn, and we would like to offer this information to the FoodOn curation team for
consideration. Many of the FCTs we have integrated into WikiFCD provide English language
labels for food items as well as labels in one or more languages from the region. When we
have labels in languages other than English, such as the examples seen in Figure 4, we can also
contribute these to FoodOn to help extend multilingual coverage for FoodOn terms. We found
the food names seen in 4 in published FCTs, and each of these is referenced with the source
where we found it.

Expanding the number of labels for food items in FoodOn will allow more people to search
for food items in their own languages.

7. Conclusion

Using LexMapr to match food items with FoodOn identifiers allows the WikiFCD team to save
time that would be spend manually matching. Due to the international sources of data for
WikiFCD we are also generating a lot of potential synonyms for food items already in FoodOn.
Over time, once these synonyms are reviewed and accepted by the FoodOn curation team, they
will likely improve the performance of LexMapr. For food items that are new for FoodOn (and
unmatched by LexMapr) we now have the opportunity to present these items to the FoodOn
curation team for consideration.

cura.com/wiki/Property_talk:P317
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We wanted to integrate with FoodOn to ensure that our knowledge base would be well-
positioned for reuse by other organizations that make use of FoodOn. An example of a relevant
community is that of the Ontology for Nutritional Studies (ONS) [22]. The ONS is a formal
ontology framework for the description of nutritional studies. Because FoodOn and the ONS are
already integrated, the use of FoodOn identifiers in WikiFCD makes it easier to also integrate
food composition data from our knowledge base with ONS data.

People who are considering integrating FoodOn with their data will need to match foods to
FoodOn identifiers. LexMapr will help ease integration with FoodOn. Once you have mapped
your data to FoodOn you also gain connections with all of the OBO ontologies that FoodOn
reuses.

Creating WikiFCD allows us to provide web-based access to food composition data for many
plant-based foods. This knowledge base makes the FCTs we integrate much easier to work with
because we provide machine-actionable data that can be integrated with other applications. For
groups that work with FoodOn identifiers, by using WikiFCD, it is now easy to integrate food
composition data for many food items.
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