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Introduction

The European Food Safety Authority (EFSA) has the mission to establish procedures
comprising tools and methodologies for emerging risks identification in food and feed
(EC, 2002a). EFSA defines an emerging risk as “a risk resulting from a newly identified
hazard to which a significant exposure may occur, or from an unexpected new or
increased significant exposure and/or susceptibility to a known hazard” (EFSA, 2007),
and an emerging issue as “an issue that has been very recently identified and merits
further investigation to determine whether it meets the requirements of an emerging risk”
(SCENIHR, 2009; EFSA, 2011). Linked to these definitions, i.e. whether the aim is to
identify emerging emerging risks or issues, different tools and methodologies are
available. Early-warning systems are used to monitor hazards deriving from a lack of
compliance with existing regulations or to detect problems that are not yet regulated, but
in some cases, they can be used to detect emerging risks when they are used to predict the
development of the hazard (Marvin et al., 2009).

The Medical Information System from the Europe Media Monitor
(EMM/MEDISYS), an automated system that monitors the media (Linge et al., 2009;
Steinberger et al., 2013) was tested by EFSA as a tool to monitor emerging food- and
feed-borne hazards (Rortais et al., 2010) and further developed for the monitoring and
reporting of emerging plant pests such as the highly plant-pathogenic bacterium Xylella
fastidiosa (Alomar et al., 2015, 2016; Ferilli et al., 2019). More recently, the system was
developed to monitor food fraud media reports world-wide (MEDYSIS-FF)
(Bouzembrak et al., 2018) that are published, via a monthly newsletter, by the Joint
Research Centre. However, the analysis of the media in search of signals of emerging
risks remains challenging given the amount of information and noise produced, but with
the rise of artificial intelligence tools and modelling and Machine Learning Techniques
(MLT), such challenges can be overcome (Ng et al., 2020). For example, topic models
which can automatically explore large collections of documents, connect those that
exhibit similar topics and deliver per topic associated patterns of words, generated with a
probabilistic Latent Dirichlet Allocation (LDA) model (Blei & Lafferty, 2009; Blei,
2012), can support such searches.

Food frauds, which are of global concern and important drivers of food safety
emerging risks, require to be better integrated into food safety assessments (EFSA, 2019).
The term “food fraud” was formally defined by Spink & Moyer (2011) and later
summarised as “an illegal deception for economic gain using food” (see Spink et al.,
2019b for a review). Among the different types of identified food frauds, Spink et al.
(2019a) found that adulterant-substances, defined as “any substances intentionally added
to food, which are not present in such food as a result of the production”, were the most
common. Recently and for the first time, EFSA received a mandate from the European
Commission on a food fraud case, i.e. to assess the health concerns for both honey bees
and humans to beeswax adulterated with paraffin and stearin (also referred as stearic and
palmitic acids) and to define purity criteria for beeswax used in apiculture (EFSA, 2020).

Beeswax is a natural product made by honey bees to build comb wax and to store
honey (called honeycomb), pollen and larvae (Bogdanov, 2016). In the apiculture sector,
beeswax is considered as an animal by-product category 3 and, therefore, it is not
intended for human consumption (EC, 2009). However, there are indications that such
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beeswax can enter the food supply chain, as seen with the selling of honeycombs (in
pieces or inside honey pots) for consumption. This type of honey is authorised for sale on
the market and known as “comb honey”, “chunk honey” or “cut comb honey” (EC,
2002a, article 2). Therefore, with such practices in place and in the absence of an official
analytical method to detect adulterants in beeswax, health safety risks to both honey bees

and humans cannot be excluded.

This study aims at testing the use of LDA topic model to automatically classify large
collection of results from searches made on the EMM/MEDISYS that are related to food
fraud emerging risks and issues, taking beeswax adulteration as an example.

1. Material and methods

1.1. The EMM/MEDISYS

The EMM/MEDISYS is a near real-time news alert automated system managed by
the Joint Research Centre of the European Commission. This system covers emerging
and re-emerging public health issues related to communicable diseases and bioterrorism.
Since its inception in 2004, the EMM/MEDISYS has extended its media coverage,
improved information aggregation across documents and languages, and has gained a
broad user base in the process. The EMM/MEDISYSS enables users to moderate incoming
news items and to disseminate the collected information. It monitors on a 24h/7d basis
approximately 900 specialist medical sites plus all generic EMM news, i.e. over 20,000
RSS feeds and HTML pages sites from 7000 generic news portals and 20 commercial
news wires in altogether 70 languages, including languages of the European Union (EU)
Member States, Arabic, and Chinese.

1.2. Searches on the EMM/MEDISYS and filtering with LDA model

A retrospective search was made on the EMM/MEDYSIS system, in English, using
the keyword “beeswax” from 01.01.2017 until 22.05.2019. A total of 3210 news articles
were retrieved. Each news item contains meta data fields obtained from the original
publisher such as link, title and description (i.e a shortened version of the full text limited
to 300 characters). For the purpose of this study, access to the full text was obtained and
processed.

After the removal of the duplicates (i.e. articles having the same title published by a
different source), a total of 2276 news articles were screened using a LDA topic model. A
graphical representation of the topic modelling algorithm is provided on Fig. 1. The topic
modelling is an unsupervised MLT for organising, and summarizing massive collection
of documents using probabilistic LDA model for uncovering the underlying semantic
structure of a document collection. The LDA is based on two assumptions, first a
collection of documents covers multiple topics and a document contains one or more
topics. The aim of topic modelling algorithm is to use the original text documents to infer
the hidden topic structure that likely gencrate the observed collection of documents.
Practically a topic is defined as a distribution of frequencies over a fixed vocabulary
(p(k), see Fig. 1) and each word in each document (W(i,j) see Fig. 1) is drawn from one
of the vocabularies of the topics appearing in the document, (where the topic presence
follows the ©(i) distribution, see Fig. 1).
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Since no assumption about the underline structure of the corpus was available, the
LDA model was chosen, assuming independence in the occurrence of topics, i.e. the
probability that a topic is present in a document is not affected by the presence in the
document of any other topics (Blei and Lafferty, 2009).

Each document in the collection was pre-processed removing stop words, word with
lenght smaller than 3 letters, numbers and punctuation and reducing words to their stem.
Then a document-term matrix, a matrix that describes the frequency of terms that occur
in a collection of documents, was generated and used as input for LDA model. Only
terms which have a tf-idf (term frequency-inverse document frequency, a numerical
statistic that is intended to reflect how important a word is to a document in a collection
or corpus) value bigger than the median were included. R package topic models (Griin
and Hornik, 2011) was used to fit LDA topic model to the document-term matrix.

Optimal number of topics was set based on best performance of 4 indexes proposed
by Griffiths and Steyvers (2004), Arun et al. (2010), Deveaud et al. (2014) and Juan et al.
(2020). The optimal number of topics ranged between 10 and 35. Like others
unsupervised MLT, the choice of the optimal number is based on validation, consisting in
checking if topics are well defined and separated. The best resulting choice was 10 topics.
Furthermore, to determine how the topics were related to adulterated beeswax and effects
on bee and human health, the patterns of words with their frequencies associated to each
topic were checked for the presence of the words “health “, “beeswax”, “wax”, “food”,
“bee” and “beekeeper”. Depending on the number of matching words displayed in each
topic, six levels of relatedness were determined, i.e. “not relevant” when no word
matched and “very low”, “low”, “medium”, “high” or “very high” when one, two, three,
four or five words, respectively, matched among the 30 most frequent words generated
per topic. Finally, to validate topic relatedness to adulterated beeswax, one expert
screened the 2276 news articles, first by titles and description, and, second (if unclear or

deemed relevant), by reading the full text article.

2. Results and discussion
2.1. Identification of beeswax topics in the media

The fitting of the LDA topic modelling resulted in the identification of 10 topics (Fig.
2.A-F) with a total of 2276 news articles distributed across those 10 topics (Fig. 3),
showing various levels of relatedness to beeswax adulteration and effects on bee and
human health (Table 1).

The three topics that were not found related to beeswax adulteration (i.e. topics 1, 4
and 10 in Table 1) were picked up with the search keyword “beeswax” because they were
related to other uses of the word “beeswax” such as colloquial (e.g. “mind your
beeswax”) and common names (e.g. “Beeswax ship”, “Beeswax Dyson Farming”,
“beeswax advertising startup”, “Ms Beeswax”, “Beeswax Park”, etc.).

The two topics that were found the most (“highly” and “very highly”) related to
beeswax adulteration (i.e. topics 5 and 8 in Table 1) contained indeed relevant
information. Topic 5 contained all official reports from the European Commission (EC,
2019), the European Parliament (EP, 2017a, b, 2018a, b, ¢, d) and the Food Safety and
Standards Authority of India (FSSAIL 2018) reporting on the issue of beeswax
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adulteration by stearin and paraffin in Europe. Topic 8 contained news articles on
adulteration in beeswax (Zhou, 2018).

The five remaining topics that were found less (“low” and “very low”) related to
beeswax adulteration (i.e. topics 2, 3, 6, 7 and 9 in Table 1) contained news articles
related to beeswax market and trends (emerging beeswax market opportunities ; topic 9)
and to the use of beeswax as food packaging (beeswax wrapping paper ; topic 2), food
additive (beeswax as wine additive ; topic 3) and in other non food-related sectors (e.g.
beeswax in cosmetics in topic 7 and beeswax used as encaustic and mould for sculptures
in topic 6) (Table 2).

Finally, within the 10 topics, no article was found on effects of beeswax adulteration
on bee health or human health.

2.2.Topic model to reduce noise in the media on beeswax adulteration

The identification of several reports on beeswax adulteration from official sources
(i.e. EP, EC and the FSSAI demonstrates that the EMM/MEDYSIS is able to monitor
food fraud related to beeswax adulteration. To monitor automatically and continuously
beeswax adulteration on the EMM/MEDYSIS, a specific filter needs to be developed,
which is time consuming. Topic modelling allowed to identify information that could be
used for the improvement of such a filter, i.e. to reduce noise. Further optimization of
such a filter on the EMM/MEDYSIS could include a broader coverage in terms of
languages (up to 70 languages) and sources (e.g. websites related to the apiculture
sector). This filter could be added to the list of Food Fraud (FF) reports published world-
wide in the media (MEDY SIS-FF; Bouzembrak et al., 2018).

2.3. Topic model to reduce information to be assessed in the media on beeswax
adulteration

The results of this study showed that topic modelling allowed to explore, organise and
summarise rapidly and efficiently a high number of news articles and reports from the
media on beeswax adulteration. Indeed, topic modelling allowed to filter out 13.8% of the
news articles from the original retreived articles (i.e. all articles from the topics that were
not found related to beeswax adulteration). When considering only the two topics that
were the most related to beeswax adulteration, topic modelling allowed to filter out
77.5% of the articles. For the setting of a filter to monitor fraud related to beeswax
adulteration, this method proved extremely useful with the rapid identification of both
irrelevant (noise) and relevant information (official reports and news articles).

2.4.Topic model to identify emerging risks in the media related to beeswax
adulteration

The news article on the adulteration of beeswax (Zhou, 2018) provided a signal of an
emerging risk corresponding to “a risk from an unexpected new or increased significant
exposure” to beeswax adulterants for humans and bees. Indeed, Zhou (2018) alerted that
the beeswax did not comply with the expected quality standards [...“I need to get some
of that beeswax tested,” Rice said. “That wax was supposedly Australian, filtered,
cosmetic grade. I’ve spoken to other people at the bee club that say that’s not right.”].
Further, the author explained that adulterated beeswax may enter the beeswax supply
chain because beeswax price is continously increasing in response to a growing demand
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for beeswax from the cosmetic and food packaging (wrapping paper) sectors [...New
uses for the wax — from cosmetics to food wraps — and the comparative health of
Australia’s bees have driven the export price of Australian beeswax up in the global
marketplace ...“It suggests to me that this is probably being sold because the price is so
attractive. People are trying to scam it and trying to make big bucks.”]. These trends were
confirmed when screening the other articles under the topics related to the use of eco-
friendly beeswax wrapping paper to replace plastic use (Byrnes, 2019), the use of natural
cosmetics made of beeswax (Denham, 2020), and the global beeswax market forescast
2018-2025 (Market Watch, 2018). Finally, another factor that contributes to the increase
in beeswax value and price is the problem of the decline of bee populations worldwide.

A further analysis of the articles dealing with the use of beeswax in cosmetics and
food packaging, highlighted other trends which could be new emerging risk pathways
linked to adulterated beeswax. The beeswax market in cosmetics is evolving fast,
promoting high-quality products at low costs, imposing significant changes in the sector.
As a result, key emerging markets and new opportunities in the area of beeswax are
developing, as seen with the production of cosmetic kits and other beeswax products (e.g.
food wrappers), all available online. Also, in the area of cosmetics, several news articles
promoting home-made recipies distributed on internet were found. Those practices could
pose a safety concerns to consumers if the origin, quality and safety of the beeswax is not
controlled and cannot be guaranteed.

From the media and the scientific literature, food fraud incidents are usually linked to
gaps in quality assurance testing methodologies and inadequate existing regulatory
systems (Spink and Moyer, 2011). Currently, there is no legislation on beeswax intended
for use in apiculture and as food (honeycomb) as the beeswax is considered as an animal-
by-product category 3 and therefore not for human consumption. Potential risks to both
human and bee health linked to adulterated beeswax entering the apiculture sector was
assessed by EFSA (2020) and showed the need for a revision of the current legislation,
for additional data to fill the gaps and to conduct more evidence-based risk assessment in
this area. Regarding the use of beeswax wrapping paper, if the beeswax is adulterated and
adulterants migrate to the food in contact with the wrapping paper, this might also present
a safety concern for humans. In the case of cosmetics, although this is not a food-related
exposure and it is covered by legislation (EC, 2012), a more careful analysis of this new
potential pathway could provide new information (hazards and processes) on beeswax
adulteration. In sectors where beeswax is being subjected to routine quality (purity)
testing (pharmaceuticals, cosmetics and food industry for beeswax used as food additive),
there is also a risk of not detecting adulterants (e.g. paraffin, stearin/stearic acid, and
carnauba wax) in beeswax due to detection limits, imposed by standardized physico-
chemical analytical methods, that are too high (i.e. between 5-50%) (Sveénjak et al.,
2019).

3. Conclusions and perspectives

In conclusion, topic modelling proved efficient in reducing noise and information
from the media to be thereafter more rapidly processed by human intervention. It
provided support for the definition of a more specific filter on beeswax adulteration in
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EMM/MEDISYS, that could be added to the MEDISYS-FF list, and it proved useful in
identifying emerging risks linked to beeswax adulteration, i.e. through new exposure
pathways and possibly through new hazards if further analysis is conducted beyond the
apiculture sector. The increase of languages and sources’ coverage should also refine the
model being more accurate in terms of scale and space-time occurence of adulteration of
beeswax.

Although this study needs further fine tuning (e.g. implementing different topic
models algorithm in addition to LDA, to relax the assumption made such as
independance between topics), those preliminary results demonstrate the usefulness of
topic modelling in identifying rapidly topics relevant to food fraud incidents in the media
corpus. The application of the topic model MLT on the articles retrieved through the
MEDYSIS-FF, e.g. through an annotated algorithm developed in R package (R Core
Team, 2017), should permit to quickly identify, alert on, and track emerging risks from
beeswax adulteration. This information could be used (e.g. on a monthly basis) by risk
assessors, decision-makers, representatives of the beekeeping sector and scientists to
better detect and trace food frauds in the food supply chain as well as to understand the
underlying mechanisms and how to mitigate their impacts.
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Main issues
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Eco-friendly beeswax wrap to reduce plastic use (Byrnes, 2019)
Caterpillar eating plastic (Glowatz, 2017), beeswax wine additive (Cheong,
2017), beeswax chemical composition (Kameda, 2004)
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EC (2019) & FSSAI (2018) and research on beeswax analytics (Navarro-
Hortal et al., 2019)
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Angeles, 2017), beeswax sculptures in museum (Kocaeli, 2018)

Natural, organic and vegan cosmetics (lip balm, cream) (Denham, 2020)
Adulteration in beeswax and cosmetics (Zhou, 2018)

Global beeswax market forecast 2018-2025 and emerging beeswax market
opportunities (Market Watch, 2018)




The LDA algorithm inputs are M no. of documents, each of these documents
have N no. of words. Then two parameters are fixed, respectively:
a : Per-document topic distribution (high a@ means every
document is likely to contain a mixture of most of the topics,
low ameans that a documentis likely to be represented
by just a few topics);

mDocumcrm

Topic
Words Modeling

Collection of Text Doctonents

B : Per topic word distribution (high B means that each topic
is likely to containa mixture of most of the words, low B
means topics may contain a mixture of justa few of words)

The algorithm processes these input parameters in an iterative way realizing
two main actions:

n Concenbration Parameter

1) Cluster of words by topic:

(?)__.(’;) Cluster of docionent by topic K: no. of topics
— 1k d(k): w distribution for topic k (topic probability per word)
1
e S ey 2) Cluster of documents by topic:
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M B(i): topic distribution for documenti (topic probability per document)



Journal Pre-proof

Number of articles per topic

450

411
383
332
300
250
179 187 -
200 165
150 13
105
100
a4
50
. i
a4 5 6 7 8 9 10

(%]




Topic1l
added
copor @AM
',_.':‘“" Eedge
addition
coven
forc

Topic6

g
d

€ good oue -1
around
e artist Ega"rt‘ S
X s
makepray

Topic2

made make
Iemcmﬁr“

il pootie

plastic™

Topic7
Oilions
o lip Make
2 9000 9%'beauti

water

oS @D G
just lookvegan

bodi £ cream
made |n hair

productesm "

Topic8
e
g’-‘:‘_'-:_:fésaid
s B B,
honey:
i

bee

Topic4

==london
scotland
M~
I
~~e@ast west
england ~

Topic9

Journal Pre-proof



Declaration of interests

X The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

CThe authors declare the following financial interests/personal relationships which may be considered
as potential competing interests:




