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Preface

This report describes the results of a study of cosmetic products containing food-based ingre-
dients, as well as the risk of consumers developing food allergy when using these products.
The database behind the Kemiluppen app from the Danish Consumer Council THINK Chemi-
cals (Forbrugerradet TAENK Kemi) was used for mapping cosmetic products with food-based
ingredients in the Danish market. In addition, websites in and outside the EU were screened
for products. Products containing foods that most commonly cause food allergy were identi-
fied. With focus on products for children, products were purchased for analysis of their food
protein contents. Based on the scientific literature and a survey of the diet in young children,
an assessment was made of the risk of developing food allergy after exposure to food proteins
in cosmetic products intended for children.

The assignment was performed in the period from May 2022 to April 2023 by DTU Food,
Technical University of Denmark. The project group would like to thank the Danish Consumer
Council THINK Chemicals for making the Kemiluppen database available to the project. A
thank-you is also extended to the company Eurofins for acting as a sounding board in the
preparation of the validation and analysis plan. Eurofins provided ELISA assays for use in the
project at a reduced price, but was not involved in conducting analyses, performing data analy-
sis, or interpreting data.

The project was followed by:

Camilla Maria Petersen, Danish Environmental Protection Agency

Nadine Heidi Nepper-Rasmussen, Danish Environmental Protection Agency
Stinne von Seelen Havn, Danish Veterinary and Food Administration

Dagny Lavoll Warming, Danish Veterinary and Food Administration
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Summary

Introduction

Food-based ingredients are widely used in the production of cosmetic products. Several stud-
ies conducted over the past few decades have indicated that food allergy may be developed
through skin exposure to foods. It is thus relevant to assess whether the use of cosmetic prod-
ucts containing food-based ingredients poses a risk to consumers of developing food allergy.
People normally develop tolerance to foods when they eat them. This occurs in young children
when they are gradually introduced to new foods. The tolerance protects against sensitization
via the skin. If you are exposed to a food via the skin before oral tolerance has been estab-
lished, you risk developing food allergy. The risk is particularly high when the skin barrier is not
intact, as seen in atopic dermatitis (infantile eczema). This report therefore focuses on prod-
ucts aimed at children and products aimed at specific skin types.

Mapping of cosmetic products

The database behind the Kemiluppen app from the Danish Consumer Council THINK Chemi-
cals was used to map cosmetic products in the Danish market. The database was reviewed for
identification of products with food-based ingredients that typically cause food allergy. A total
of 3,741 cosmetic products containing food-based ingredients were identified, corresponding
to 27 per cent of the 13,845 products in the database. Of these, 28 per cent contained two or
more food-based ingredients. The ingredients could be divided into four categories: 1. Protein
extracted from the food, 2. The whole food (e.g. milk) or part of the food (e.g. seeds, shells, or
the like), 3. Extracts extracted from the food and 4. Oil or fat extracted from the food.

Protein ingredients typically come from milk, cereals, and soy. Extract ingredients are typically
produced from soy and cereals. QOil ingredients are typically based on tree nuts, soy, sesame,
and cereals. In total, 76 products aimed at children were identified as containing food-based
ingredients that typically cause food allergy.

Cosmetic products containing food allergens marketed for use on sensitive, inflamed, dam-
aged, itchy, and dry skin pose a specific risk to children with atopic dermatitis. 154 products
containing food-based ingredients and aimed at specific skin types were identified.

In addition, products available from non-Danish webshops in and outside the EU were exam-
ined. The results were comparable to the Danish data from Kemiluppen.

It can be concluded that food-based ingredients are widely used in cosmetic products in both
unmodified form and modified form. Cosmetic products aimed at children and specific skin
types contained oils from almond or soy, in particular. In addition, there were oats in many
products as a whole ingredient or an extract. Finally, it was found that milk in certain products
is added as a protein ingredient or whole ingredient.

Consumption of allergenic foods in children

Based on a dietary survey from 2014-15, DTU Food has examined when Danish children were
introduced to the various foods that typically cause food allergy. The survey comprised two
parts: a questionnaire on the time of introduction of different foods in children aged 0-24
months and diet registration among children aged 6-36 months. In the diet registration, the
parents noted the foods and beverages their child ate and drank each day over a period of one
week.

The diet registration showed that virtually all children aged 6-7 months (91 per cent) had con-
sumed a milk-based product. The proportion consuming foods with wheat was high (>70 per
cent users) in the group aged 6-7 months, increasing to nearly 100 per cent at 8-9 months of
age. The proportion consuming oat-containing products was >80 per cent in the group aged
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6-7 months, with a slightly declining proportion in older age groups. The proportion who ate
eggs, fish, or shellfish was <50 per cent in the group aged 6-7 months. The proportion in-
creased in the older age groups, where the proportion who ate eggs reached more than 90 per
cent in the group aged 10-11 months. The proportion who ate peanuts, tree nuts, and sesame
was low (<10 per cent) in the group aged 6-7 months. The proportion increases, but only
reaches >50 per cent around the age of 12 months.

The dietary survey shows variation in the introduction and consumption of foods that typically
cause food allergy. The results indicate early introduction of milk and cereals (around 4-6
months of age), followed by eggs, fish, and shellfish (around 6-9 months of age), and then
peanuts, tree nuts, and sesame (1-2 years of age).

Analysis of food protein in cosmetic products

It was found in connection with the mapping that cosmetic products aimed at children and spe-
cific skin types typically contain ingredients based on almond, soy, oats, cow’s milk, wheat,
and/or macadamia nuts (among the foods that typically cause food allergy). Based on the
mapping, it was decided to focus on analysis of proteins from the following foods: 1. Cow’s
milk, which most frequently causes food allergies in children and is typically used as a protein
or whole ingredient in cosmetic products. 2. Almond, as almond oil finds frequent use in cos-
metic products and as individual products contain almond extract, and 3. Soy, which is typi-
cally used as protein, extract, or oil ingredient. 19 products were purchased from Danish
stores or webshops, while 13 and 7 products, respectively, were purchased from webshops in
the rest of the EU and outside the EU.

There are several commercially available ELISA analysis kits that can measure food proteins
in complex mixtures. They are validated for use in a diverse range of foods, but not for analy-
sis of food proteins in cosmetic products. Performance of a method validation was therefore
necessary. In the method validation, a known quantity of milk, almond, or soy protein is added
to determine whether the matrices affect the result. The trials showed that the specific cos-
metic matrices affect the recovery rate, limits of detection, and limits of quantification.

The result of the final analyses was that all eight products analysed for cow’s milk had measur-
able quantities of protein from 0.36-250 ug milk protein/g product. Of the 23 products analysed
for almond protein, one product had a clear almond content (43 ug almond protein/g). The
other products contained protein below or close to the ELISA limit of detection. The results for
the 10 products analysed for soy protein were all below or close to the ELISA limit of detection.
Overall, the ELISA method can be used to determine the presence of milk protein, almond pro-
tein, and soy protein in cosmetic products when the proteins are present in a sufficient quan-
tity. The specific cosmetic matrices affect the recovery rate, limits of detection, and limits of
quantification. There is therefore some uncertainty in determining protein concentrations in
cosmetic products.

Risk assessment

Compared to contact allergy to chemicals, there is limited knowledge about sensitization to
food proteins via the skin. For chemicals, it is known that the unit to be used in risk assess-
ments is dose per unit area, as a certain concentration of the substance must be present to
trigger sensitization. It is assumed that this also applies to proteins.

Protein can sensitize via human skin

There are two well-described associations between skin exposure to food allergens and food
allergy. One in young children (peanuts) and the other in adults (acid hydrolysis of gluten).
The children who had atopic dermatitis and were not tolerant to peanuts have probably been
sensitized through low doses of peanut protein, and both the condition of the skin and the lack
of oral tolerance have been of decisive importance. Data on the correlation between the dose
of peanut protein, frequency, and duration of exposure and the risk of sensitization cannot be
derived from the studies. Results from studies on the protein content in peanut oil range from
0.1-10.7 pg/g. Unfortunately, these data cannot be linked to the clinical studies.
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The correlation—that skin sensitization can lead to food allergies if oral tolerance has not been
established—has been formulated as “the dual allergen exposure hypothesis”, which is as-
sumed to apply to food allergens in general.

Studies of skin exposure to acid hydrolysed gluten come mainly from the use of a facial soap
in Japan, where a large number of people developed food allergy to gluten. These are adults
who must be assumed to have been tolerant to wheat and thus gluten. It is not possible to cal-
culate an exact dose/area exposure, but the content of acid hydrolysed gluten in the soap sug-
gests an exposure dose that may be 1,000 times higher than the exposure to peanut protein
that has sensitized young children with eczema. This suggests that a higher dose is needed to
break a previously established tolerance. In addition, the new epitopes formed after acid hy-
drolysis also play a role.

Protein may sensitize via the skin in animals

There are many studies—especially in mice—that examine which conditions are crucial to skin
sensitization with food proteins. Only some of these studies contain data on dose/area. Of
these, there are only three studies containing dose response data with low doses, all con-
ducted in animals without tolerance to the allergens being studied. This concerns the following
studies with 1. Ovalbumin (OVA) from chicken eggs, 2. Whey protein and whey protein hydrol-
ysates from cow’s milk, and 3. Gluten and modified forms of gluten. 1. and 2. have been con-
ducted with prolonged occlusion, which causes skin changes similar to atopic dermatitis. In 3.,
the skin changes are minor. In this study, the effective dosage period is 1 hour 3 times per
week for 5 weeks, followed by stimulation of the immune system in the gastrointestinal tract.

Although the trials have been conducted differently and the substances are different, it seems
that lowest effect level (LOAEL) is of the same magnitude, that is less than 10 pg/cm2.

Exposure based on analysis data

The exposure assessments are based on milk protein analyses for three soaps, three creams,
and a shampoo, and the single finding of almond protein in one cream. The creams are all
body lotions for babies or people with dry skin/atopic dermatitis. It is assumed that the selected
creams are applied to the whole body, including in the diaper area, where the skin is occluded
and may be damaged. All exposure scenarios have been calculated for a 4-month-old baby,
where the likelihood of a lack of oral tolerance is greatest.

The highest exposures are obtained from body lotion. If body lotion with almond oil containing
43.07 pg almond protein/g is used twice a day, this gives a dose of 0.025 yg almond pro-
tein/cm?.

If a whole body scenario is calculated for a 4.5-month-old baby to whom soap is applied with
the highest concentration of milk protein (250.54 ug/g) all over the body followed by a cream
with the highest measured concentration of milk protein (121.71 ug/g) all over the body, this
gives an exposure from soap of 0.003 pg/cm? and from cream of 0.072 pg/cm?, totalling 0.075
pg milk protein/cm?. If a worst-case scenario is calculated for cream used solely in the diaper
area and using the cream with the highest concentration of milk protein (121.71 pg /cm?), the
dose will be 0.346 ug milk protein/cm?.

Risk assessment of food proteins in cosmetic products for children

Among children with atopic dermatitis there is a risk of skin sensitization to food proteins,
where oral tolerance has not been established. On the basis of data from human studies or
from animal studies, it is not possible to determine which doses (ug protein/cm?) cause sensiti-
zation.

The precautionary principle therefore warrants that food proteins or food protein-rich ingredi-
ents (e.g. milk powder) should not be added to cosmetic products for children having an age
where oral tolerance to the proteins cannot be expected. The oral tolerance is established
when the children are introduced to the foods, typically during the first two years of their life.
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Studies in animals support the importance of the protective effect of oral tolerance. They also
show that food proteins may cause skin sensitization in low doses, down to about 1 ug pro-
tein/cm?.

Conclusion and perspective

The available knowledge does not allow limits to be set for the quantity of food protein that
cannot sensitize young children.

Knowledge from animal studies show that the condition of the skin and the duration of the ex-
posure are of importance to sensitization, but there is a lack of knowledge about the influence
of these parameters on the sensitizing dose. There is also a lack of knowledge about the cor-
relation between the potency of the allergens and the dose that causes sensitization.

There is high focus on the development of alternative protein sources for human nutrition, so-
called novel foods. It should be considered, if these foods should be used in cosmetic prod-
ucts, before being introduced as food, as it is important that oral tolerance is established be-
fore the human population is exposed to new proteins via the skin.
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1. Introduction

1.1 Use of food-based ingredients in cosmetic products

Food-based ingredients are widely used in the production of cosmetic products. The ingredients
can be used to give the products certain physicochemical properties, such as a creamy con-
sistency as well as foaming or emulsifying effects (Day et al 2006, Wu et al 1976). In addition,
certain food-based ingredients have anti-inflammatory, anti-oxidizing, or other desirable biolog-
ical properties that are assumed to give the cosmetic products health-promoting qualities (Dini
and Laneri 2021). Finally, the companies may wish to add these ingredients to their products to
market them as being ‘natural’, ‘organic’, ‘vegan’, ‘sustainable’, or similar (Dini and Laneri 2021).

A previous study has mapped the use of natural ingredients in cosmetic products available in
the Danish retail trade (Bruusgaard-Mouritsen et al 2020). In that study, ‘natural ingredients’
were defined as ingredients derived from plants and animals. The study showed that many
cosmetic products contain ingredients made from foods that may cause food allergy. In addi-
tion, the study found that several of these foods are used in cosmetic products that have
caused allergic reactions in some consumers. In the past couple of decades, several studies
have indicated that the development of food allergy may occur through skin exposure to foods
(Brough et al 2020). It is thus relevant to assess whether the use of cosmetic products contain-
ing food-based ingredients poses a risk to consumers of developing food allergy.

1.2 Food allergy

Food allergy is an allergic reaction to normally harmless proteins (allergens) in foods. Allergic
individuals who come into contact with the food to which they are allergic may develop a variety
of symptoms, including skin reactions (rash and angioedema) and gastrointestinal tract reac-
tions (pain, vomiting, and diarrhoea) (Longo et al 2013). In severe cases, these individuals may
develop life-threatening anaphylaxis with an impact on pulmonary and circulatory function. Food
allergy is most commonly mediated by allergen-specific IgE antibody, which binds to mast cells
(cells in the immune system) in mucous membranes and skin (Yu et al 2016). Here, exposure
to allergens activates the mast cells, resulting in allergic tissue inflammation and symptoms.
There is currently no curative treatment for food allergy, which means that allergic individuals
must avoid exposure to allergens and settle for treatment of symptoms in the event of accidental
exposure.

1.3 Allergenic foods

In principle, any food can cause food allergy, as the immune system may potentially recognize
all food proteins as a foreign protein entering the body from the outside. However, primarily
certain foods typically cause food allergy. This is presumably due to the allergy-causing food
proteins having specific physicochemical properties that stimulate the immune system to de-
velop allergy (Bannon 2004). Some food proteins have a high potential to lead to the develop-
ment of food allergy and therefore have so-called ‘high allergenicity’. It has been suggested
that food allergens are typically small, heat-labile, and digestion-resistant proteins (Monaci et
al 2020). These properties are assumed to reduce allergen breakdown in the gastrointestinal
tract, thus increasing the risk of an allergic reaction. In addition to high allergenicity, ‘allergenic’
foods must be consumed in a quantity and to an extent that cause allergy development in the
population. For example, a highly allergenic food that is not consumed will not be a clinical
problem, whereas there will be an unknown risk of developing food allergy in connection with a
food with unknown allergenicity—such as novel foods—that has not previously been eaten by
the population. EU Regulation 1169/2011, Annex I, lists the foods that most frequently cause
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allergies and severe allergic reactions (Table 1). Products containing these foods, or elements
thereof, require emphasized labelling in connection with sales for human consumption in the
EU, so that allergic individuals can avoid allergens from these foods.

TABLE 1. Most allergenic foods, see EU Regulation 1169/2011 Annex Il

Foods

Milk

Eggs

Cereals
- Wheat
- Rye
- Barley
- Oats

Peanuts

Soy

Lupin

Tree nuts

- Aimond

- Hazelnuts

- Walnuts

- Cashew nuts

- Pecan nuts

- Brazil nuts

- Pistachio nuts

- Macadamia nuts
- Queensland nuts

Sesame seeds

Mustard

Celery

Fish

Shellfish

Molluscs

1.4 Prevalence of food allergy

The prevalence of food allergy is dependent on demographic parameters such as geographical
region and age. Among countries in Europe, the prevalence of food allergy in children is between
1.9-5.6 per cent (Lyons et al 2020) and between 0.3-5.6 per cent in adults (Lyons et al 2018). In
addition, there is variation in relation to which foods primarily cause allergies in children and
adults. Allergy to milk and eggs is most common among children in Europe, whereas allergy to
fish, shellfish, hazelnuts, and certain fruits is most common among adults. International studies
suggest that the prevalence of food allergy has been increasing in the Western world over the
past decades (Sichrer and Sampson 2018). The number of treatment-requiring food-induced
anaphylaxis is also increasing (Pouessel et al 2018). In addition, foods are the most frequent
cause of anaphylaxis among children (Yu and Lin 2018). Both individuals with food allergy and
their next-of-kin experience impaired quality of life as a result thereof (Greenhawt 2016).
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1.5 Development of food allergy

The development of food allergy (sensitization) is difficult to examine in humans, as, for ethical
reasons, allergy obviously cannot be induced in healthy individuals. Therefore, animal models
play a key role in understanding the sensitizing mechanisms. Traditionally, studies of allergy
development have focused on sensitization via the oral route (Kanagaratham et al 2018, Li et al
1999). The reason for this is presumably that oral ingestion is the natural route of exposure to
foods, and most food-induced allergic reactions occur after oral ingestion. Over the past couple
of decades, however, several epidemiological studies in humans have indicated that the devel-
opment of food allergy may occur through skin exposure to foods (Brough et al 2020). One of
the first studies found a correlation between the use of skin creams containing peanut oil and
the development of peanut allergy in children with eczema (Lack et al 2003). Subsequent studies
found that environmental exposure to peanuts is a risk factor for the development of peanut
allergy, especially in children with eczema and impaired skin barrier function (Fox et al 2009,
Brough et al 2014, 2015). Several experimental studies have shown that foods can sensitize
through the skin in animal models of eczema (Hussain et al 2018, Noti et al 2014, Ballegaard et
al 2021). But experimental studies also show that eczema is not necessary for sensitization to
certain foods via the skin (Tordesillas 2014, Larsen et al 2022). The underlying immunological
mechanism involves antigen-presenting cells that take up the food allergen in the skin, after
which these cells migrate to draining lymph nodes and initiate a T cell-mediated type-2 immune
response (Brough et al 2020). The activated T cells stimulate B cells, which differentiate into
IgE-producing plasma cells. A recent study has shown that antigen-presenting cells in human
skin have specific properties that promote sensitization (Mayer et al 2021). Together, these
studies support the assumption that skin sensitization plays a role in the development of food
allergy in humans. However, it is unknown to what extent sensitization via the oral route of ex-
posure also plays a role, and whether there is a difference in the route of sensitization between
different foods. In addition, it is uncertain how much the condition of the skin affects sensitization
to different foods (e.g. presence of eczema, physical injuries, inflammation conditions, and im-
paired skin barrier function). Finally, it is uncertain to what extent that environmental exposure
to foods via the airways may contribute to the development of food allergy (Kulis et al 2021).
Despite these uncertainties, it must be assumed that the skin plays a key role in the development
of food allergy, especially in individuals with eczema and impaired skin barrier function.

1.6 Tolerance to foods

Under normal circumstances, the body’s reaction to the ingestion of foods is the development
of oral tolerance, which is an active immunological process (Tordesillas 2018). The developed
tolerance is specific to the proteins present in the ingested food. This means that tolerance is
only achieved for the foods eaten. Despite this knowledge having been available for decades,
there have been varying recommendations regarding the introduction of allergenic foods in chil-
dren. Previous clinical guidelines focused on the prevention of food allergy by late introduction
of allergenic foods (12-36 months of age)—the so-called ‘allergen avoidance’ strategy (Zieger
2003). However, recent clinical studies have shown that early introduction (3-4 months of age)
of peanuts and eggs protects against the development of peanut allergy and egg allergy, re-
spectively (Du Toit et al 2015, Perkin et al 2016). Based on these studies, the latest guidelines
from the European Academy of Allergy and Clinical Immunology (EAACI) recommend the intro-
duction of peanuts and eggs at the age of 4-6 months (Halken et al 2021). Early introduction of
allergenic foods for prevention of food allergy in children supports the so-called ‘dual allergen
exposure’ hypothesis. This hypothesis states that if oral ingestion occurs before skin exposure,
oral tolerance is developed—whereas allergy is developed if exposure occurs on the skin first
(Kulis et al 2021). The hypothesis is further supported by experimental studies in animals show-
ing that oral tolerance protects against sensitization to foods via the skin (Ballegaard et al 2021,
Larsen et al 2022). It can therefore be assumed that the risk of developing food allergy via
environmental exposure to foods on the skin is greatest in children who have not yet been intro-

12 Danish Environmental Protection Agency / Mapping and risk assessment of food proteins in cosmetic products



duced to the given food via their diet. However, it should be noted that a soap containing hydro-
lyzed wheat was the cause of several cases of wheat allergy in adults, who are presumed to
have been tolerant to wheat before using the soap in question (Yagami et al 2017).
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2. Objective

A previous study has found that food-based ingredients are used in cosmetic products available
in Danish retail trade. The latest research has shown that the development of food allergy may
occur through the skin in connection with exposure to food proteins. It is therefore relevant to
assess whether there is a risk of developing food allergy in consumers after use of cosmetic
products containing food proteins. The overall objective of this project is to build up knowledge
about the use of food proteins in cosmetic products. Mapping is done of the market for cosmetic
products with food-based ingredients which are available to Danish consumers in general retail
trade and via online purchases in webshops in and outside the EU. As the age for introduction
of foods in childhood affects the risk of developing food allergy, the pattern of food introduction
in children is examined through analysis of data from the Danish National Diet Survey. Based
on the mapping, a selection is made of a number of products marketed for children and/or for a
specific skin type for protein content analysis using the ELISA method, and the analysis method
is validated for this purpose. Finally, it is examined through literature studies whether a risk
assessment can be made of cosmetic products containing food protein in relation to the devel-
opment of allergy in consumers who have not previously been exposed to the food proteins in
question via their diet.
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3. Mapping cosmetic products

This mapping establishes the extent to which cosmetic products with food-based ingredients are
available to Danish consumers in general retail trade and via online purchases. With focus on
the foods that are among the most frequent causes of food allergy, the use of different types of
food-based ingredients (including protein, extracts, oils, etc.) is examined as well as the extent
to which the ingredients are used after chemical modification. Furthermore, it is assessed to
what extent the different types of ingredients contain food protein, as the protein from the food
is what causes the allergy.

3.1 Use of foods in cosmetic products in the Danish market

3.1.1 Background and methodology

The database behind the Kemiluppen app was used for mapping cosmetic products in the Dan-
ish market. The database has been established and is maintained by the Danish Consumer
Council THINK Chemicals (Forbrugerradet TENK Kemi). Via Kemiluppen, consumers can sub-
mit pictures of cosmetic products that they find in the retail trade. The Danish Consumer Council
THINK Chemicals then collects information about the product ingredients and states whether
the product contains contact allergens (type IV allergy), suspected endocrine disruptors, envi-
ronmentally harmful substances, etc. The information is subsequently made available to con-
sumers via the app. This analysis uses the Kemiluppen database from April 2022, containing
information about 13,845 products. Due to the large number of products in the database, it is
assumed that the database products constitute a representative selection of cosmetic products
available in the Danish market, although there may be a bias in the type of product scanned by
consumers and the reason for choosing to scan a product. It is assumed that the products in the
database constitute the most accessible cosmetic products on the market, as it is presupposed
that these are the products that consumers most often find in the retail trade. In addition, it must
be expected that the products are largely available to Danish consumers online, as most Danish
retail chains have linked webshops.

3.1.2 Identification of food-based ingredients

A total of 13,845 cosmetic products in the Kemiluppen database were reviewed for ingredients
extracted from the foods that most frequently cause food allergy (see foods in Table 1). Infor-
mation from the CoSIng database (European Commission database for information on Cosmetic
Substances and Ingredients) and the SpecialChem database (specialchem.com) were used for
the classification of ingredients. Overall, the ingredients could be divided into the following types:

¢ Protein: Protein extracted from the food

Whole: The whole food (e.g. milk) or part thereof (e.g. seeds, shells, or the like)
Extract: Extracts from the food

Qil: Oil or fat extracted from the food

Ingredients based on protein from foods must be assumed to contain food allergens if the protein
is extracted from that part of the food which is typically consumed (milk, seeds, nut, or the like).
Overall, it must be assumed that the whole ingredient type will typically contain protein from the
food. Ingredients of this type based on, for example, milk, seeds, or nuts are also likely to contain
food allergens, but it is unknown whether ingredients based on parts of the food that are typically
not consumed (e.g. shells, flowers, and straw) contain food allergens.
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It is unknown whether ingredients that are extracts of a food contain protein or food allergens,
as it is typically not specified how the extract has been produced or possibly further processed.
However, it is assumed that these will typically be aqueous extracts, and the extract must there-
fore be assumed to contain water-soluble food allergens if the extract is produced from that part
of the food which is typically consumed (seeds, nut, or the like).

It is unknown whether ingredients consisting of oil or fat extracted from foods contain protein or
food allergens. However, it must be assumed to be in tiny quantities relative to protein ingredient
extracts, and the whole ingredient type. However, it has previously been found that the use of
creams containing peanut oil increases the risk of developing peanut allergy in children [18].
This indicates that even tiny quantities of protein can lead to the development of food allergy via
the skin.

The above findings underline that a risk assessment of cosmetic products containing ingredients
from foods must take into account the type of ingredient and from which part of the food the
ingredient has been produced. Furthermore, it is necessary to measure the food allergen content
of the product and/or ingredient used, as there is presumed to be great variation in protein con-
tent between the different types of ingredients.

3.1.3 Identification of cosmetic products containing food-based
ingredients

The Kemiluppen database was reviewed for identification of products containing food-based

ingredients that typically cause food allergy (see foods in Table 1). In total, 3,741 cosmetic prod-

ucts (27 per cent of the total 13,845 products in the database) were identified, and more than

28 per cent of these products contained two or more food-based ingredients. TABLE 2 shows

the number of cosmetic products distributed on food and type of ingredient.

It was found that protein ingredients are typically from milk, cereals, and soy. The whole ingre-
dient type typically comes from milk and cereals. Extract ingredients are typically produced from

soy and cereals. QOil ingredients are typically based on tree nuts, soy, sesame, and cereals.

The above results show that there is variation in which foods typically form the basis of the
different food-based ingredient types used in cosmetic products.

TABLE 2. Number of cosmetic products in the Kemiluppen database containing food-based

ingredients.

Food Protein Whole Extract Oil
Milk 166 105 3 3
Eggs 0 2 0 0
Cereals

- Wheat 578 19 215 136
- Oats 40 44 178 50
- Barley 0 0 91 0
- Rye 0 0 7 0
Soy 240 5 760 745
Peanut 0 0 0 36
Tree nuts
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- Almond 6 9 87 962
- Brazil nut 0 0 0 21
- Cashew nut 0 0 1 0
- Hazelnut 4 0 0 30
- Macadamia nut 0 0 0 153
- Pecan nut 0 1 0 0
- Queensland nut 0 1 3 263
- Walnut 0 36 3 2
Sesame 1 2 8 173
Celery 0 0 4 0
Lupin 7 0 2 0
Mustard 0 0 2 0
Shellfish 0 0 17 0
Fish 0 0 6 1

3.1.4 Identification of modified food-based ingredients in cosmetic
products

Food-based ingredients for use in cosmetic products can be modified to give the final product

specific properties. In addition, hydrolysis and/or chemical modification of proteins can, in most

cases, reduce the allergenic properties (reduce the allergenicity of the protein) (Begh and

Larsen 2021).

Modification of the food-based ingredients identified in the 3,741 cosmetic products in Kemilup-
pen (3.1.3) was reviewed for each ingredient type (TABLE 3, TABLE 4, TABLE 5, TABLE 6).
Overall, the modifications could be divided into the following modification types:

¢ Unmodified (UM): No modification.

o Hydrolysis (H): Hydrolysis (degradation) of protein through treatment with acid, base,
and/or enzyme.

o Chemical modification (CM): Other chemical modification than hydrolysis. Typically bind-
ing to carbohydrates with low molecular weight.

o Hydrolysis and chemical modification (HCM): Both hydrolysis and other chemical modifi-
cation.

o Fermentation (F): Fermentation typically gives rise to degradation of proteins.

It has been found that protein ingredients based on wheat and soy were typically hydrolyzed or
both hydrolyzed and chemically modified (Table 3). Among the protein ingredients, milk was the
most frequent ingredient used without modification.

Relative to protein ingredients, whole food-based ingredients, extracts, and oils are modified to
a much lower degree (TABLE 4, TABLE 5, TABLE 6). It must therefore be assumed that any
food allergens in ingredients of this type will typically have unchanged allergenicity.

The above results show that hydrolysis and other chemical modification are widespread among
food-based ingredients for use in cosmetic products, where, especially, protein ingredients are
widely used in modified form. A risk assessment of cosmetic products containing ingredients
from a food must therefore take into account the chemical modification of the ingredient.
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TABLE 3. Modification of food-based ingredients of the protein type.

Food Unmodified Hydrolysis Hydrolysis and chemical Fermentation
Milk 124 31 8 3
Cereals

- Wheat 20 356 202 0
- Oats 5 7 28 0
Soy 36 202 2 0
Tree nuts

- Hazelnut 0 4 0 0
- Almond 6 0 0 0
Sesame 0 1 0 0
Lupin 0 7 0 0
TABLE 4. Modification of food-based ingredients of the whole type.

Food Unmodified Hydrolysis Chemical Fermented
Milk 104 0 0 1
Eggs 2 0 0 0
Cereals

- Wheat 5 1 13 0
- Oats 39 5 0 0
Soy 0 3 0 2
Tree nuts

- Almond 9 0 0 0
- Pecan nut 1 0 0 0
- Queensland nut 1 0 0 0
- Walnut 36 0 0 0
Sesame 2 0 0 0

TABLE 5. Modification of food-based ingredients of the extract type.

Food Unmodified Hydrolysis Chemical Hydrolysis and chemical Fermented
Milk 3 0 0 0 0
Cereals
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- Wheat 129 44 37 5 0
- Oats 178 0 0 0 0
- Barley 89 0 0 0 2
- Rye 7 0 0 0 0
Soy 757 0 0 0 3
Tree nuts

- Cashew nut 1 0 0 0 0
- Almond 87 0 0 0 0
- Queensland nut 3 0 0 0 0
- Walnut 3 0 0 0 0
Sesame 8 0 0 0 0
Celery 4 0 0 0 0
Lupin 1 1 0 0 0
Mustard 2 0 0 0 0
Shellfish 17 0 0 0 0
Fish 6 0 0 0 0

TABLE 6. Modification of food-based ingredients of the oil/fat type.

Food Unmodified Chemical
Milk 3 0
Cereals

- Wheat 130 6
- Oats 50 0
Soy 595 150
Peanut 35 1
Tree nuts

- Hazelnut 30 0
- Macadamia nut 152 1
- Aimond 960 2
- Brazil nut 21 0
- Queensland nut 263 0
- Walnut 2 0
Sesame 173 0
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3.1.5 Foods in cosmetic products in the Danish market aimed at
children

Children are the population group most at risk of developing food allergy. This may be because
children have an immature immune system, greater prevalence of atopic eczema, and/or have
not developed oral tolerance. Therefore, exposure to food proteins through cosmetic products
may be particularly problematic for this group. The 3,741 cosmetic products with food-based
ingredients identified in the Kemiluppen database (Chapter 3.1.3) were reviewed for products
aimed at infants and children. The review was based on product names that could indicate mar-
keting towards this group as well as subsequent inspection of the packaging. In total, 76 prod-
ucts aimed at children were identified containing food-based ingredients that typically cause
food allergy. TABLE 7 shows the number of products, broken down by product category, ingre-
dient type, and food with indication of modification. The products were found typically to contain
oil, especially extracted from almonds, soy, and sesame. In addition, protein, whole food, and
extract ingredients based on soy, oats, and wheat were found.

TABLE 7. Number of cosmetic products aimed at children identified in the Danish market, bro-
ken down by product category, ingredient type, and food.

Ingredient type

Category Protein Whole Extract Oil Number
Qil - - - Almond (UM) 7
Oil - - - Soy (UM) 3
Oil - - - Almond (UM) + 1
Oats (UM)
Oil - - - Soy (UM) + 1
Wheat (UM)
Oil - - - Oats (UM) 1
Oil - - - Sesame (UM) 1
Cream - - - Almond (UM) 17
Cream - - - Almond (UM) 9
Sesame (UM)
Cream - - - Soy (UM) 5
Cream - - Soy (UM) - 4
Cream - - - Oats (UM) 3
Cream - Oats (UM) - Oats (UM) 2
Cream - - Oats (CM) - 2
Cream - Oats (UM) - - 1
Cream - - Oats (UM) Almond (UM) 1
Cream - - Soy (UM) Sesame (UM) 1
Shampoo - - Soy (UM) - 3
Shampoo - - Oats (UM) - 2
Shampoo Soy (H) - - - 1
Shampoo - - Oats (UM) Almond (UM) 1
Shampoo - - - Almond (UM) 1
Shampoo - - - Almond (UM) 1

Sesame (UM)
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Shampoo - - - Sesame (UM) 1

Soap - Oats (UM) - - 5
Soap Wheat (HCM) - - - 1
Soap - - - Almond (UM) 1

Sesame (UM)

Cream: Creams, lotions, and ointments. Shampoo: Shampoo and shampoo+body wash products. Soap:
Hand soap, body soap, bath soap, and other wash products. UM: Unmodified. H Hydrolyzed. HCM: Hy-
drolyzed and other chemical modification. F. Fermented.

3.1.6 Foods in cosmetic products in the Danish market aimed at
specific skin types

Atopic dermatitis is a risk factor for the development of food allergy. The probable reason for
this is that the disease has been associated with increased skin permeability and skin inflam-
mation, which, in animal studies, has been shown to increase sensitization to food allergens in
connection with skin exposure. Therefore, cosmetic products containing food allergens mar-
keted for use on sensitive, inflamed, damaged, itchy, and dry skin may pose a specific risk to
this population. Children have atopic dermatitis to a greater extent than adults, and we expect
that parents regard infants’ and children’s skin as sensitive. Therefore, it is assumed that chil-
dren are also particularly exposed to products aimed at specific skin types.

The 3,741 cosmetic products with food-based ingredients identified in the Kemiluppen database
(Chapter 3.1.3) were reviewed for products aimed at specific skin types. The review was based
on product names that could indicate marketing aimed at a specific skin type (sensitive, eczema,
itching, dry, etc.) and a subsequent inspection of the packaging. A total of 154 products—aimed
at specific skin types—were identified that contained ingredients based on foods which typically
cause food allergy. TABLE 8 shows the number of products broken down by product category,
ingredient type, and food with indication of modification. The products were found typically to
contain oats and almond, with especially oats being added as extract. Protein, whole food, and
extract ingredients based on milk, soy, and wheat were found. In addition, oil from almond and
macadamia nut were found as ingredients in some products.

TABLE 8. Number of cosmetic products aimed at specific skin types identified in the Danish
market, broken down by product category, ingredient type, and food.

Ingredient type

Category Protein Whole Extract Oil Number
Oil - - Oats (UM) - 4
QOil - - Soy (UM) - 2
Qil - - - Almond (UM) 1
QOil - - - Almond (UM) 1
Oats (UM)
Cream - - Oats (UM) - 35
Cream - - - Almond (UM) 28
Cream - - - Oats (UM) 10
Cream - - Soy (UM) - 8
Cream - - - Soy (UM) 5
Cream - - - Almond (UM) 4
Soy (UM) +
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Soy (CM)

Cream - - - Macadamia nut (UM) 2
Cream - - - Macadamia nut (UM) + 2
Soy (UM)
Cream Milk (UM) + - Soy (UM) - 2
Soy (UM)
Cream - - Wheat (CM) - 2
Cream Milk (H) - - - 1
Cream Milk (UM) + - Soy (UM) + - 1
Soy (UM) Wheat (UM) +
Barley (UM)
Cream Milk (UM) + - Soy (UM) Soy (CM) 1
Soy (UM)
Cream Wheat (H) - Wheat (H) - 1
Cream Wheat (HCM) + - - - 1
Oats (H)
Cream Soy (H) - - Soy (UM) 1
Cream - Milk (UM) - - 1
Cream - Oats (UM) - - 1
Cream - Milk (UM) - Almond (UM) 1
Cream - Oats (UM) - Almond (UM) 1
Cream - - Wheat (UM) - 1
Cream - - Soy (UM) Soy (UM) 1
Cream - - Oats (UM) Soy (UM) 1
Cream - - - Wheat (UM) 1
Cream - - - Wheat (UM) + 1
Oats (UM)
Cream - - - Almond (UM) 1
Macadamia nut (UM)
Cream - - - Milk (UM) 1
Cream - - - Sesame (UM) 1
Cream - - - Sesame (UM) + 1
Macadamia nut (UM)
Shampoo - - - Almond (UM) 2
Shampoo Wheat (H) - - - 1
Shampoo - - Almond (UM) - 1
Soap - - Oats (UM) - 9
Soap Milk (UM) - - - 5
Soap - - Almond (UM) - 3
Soap - - Soy (UM) - 3
Soap - - - Almond (UM) 3
Soap - - - Wheat (UM) + 1
Oats (UM)
Soap - - - Soy (UM) 1
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Cream: Creams, lotions, and ointments. Shampoo: Shampoo and shampoo+body wash products. Soap:
Hand soap, body soap, bath soap, and other wash products. UM: Unmodified. H Hydrolyzed. HCM: Hy-
drolyzed and other chemical modification.

3.2 Food-based ingredients in cosmetic products available on
the Internet

3.2.1 Identification of cosmetic products in non-Danish EU webshops
This mapping entailed an identification of the range of cosmetic products available to Danish
consumers on the Internet via commercial webshops that dispatch products to Denmark from
non-Danish addresses in the EU. Products aimed at children and containing food-based ingre-
dients that typically cause food allergy were identified through systematic searches on Google,
webshops, and producers’ websites. A total of 151 cosmetic products were identified. TABLE 9
shows the number of products, broken down by product category, ingredient type, and food with
an indication of modification. The products were typically found to contain oil, especially ex-
tracted from almonds and soy. Protein, whole food, and extract ingredients based on milk, oats,
wheat, and soy were found. In addition, oil from macadamia nut was found as an ingredient in
some products.

TABLE 9. Number of cosmetic products aimed at children identified in non-Danish webshops
in the EU, broken down by product category, ingredient type, and food.

Ingredient type

Category Protein Whole Extract Oil Number
Oil Almond (UM) 38
Qil Almond (UM) 3
Soy (UM)
Oil Macadamia nut (UM) 2
Oil Sesame (UM) 2
Oil Soy (UM) 2
Oil Soy (UM) Almond (UM) 1
Oil Oats (UM) 1
Oil Almond (UM) 1
Macadamia nut (UM)
Oil Almond (UM) 1

Sesame (UM)

Cream Almond (UM) 17
Cream Soy (UM) 12
Cream Oats (UM) 6
Cream Milk (UM) 4
Cream Oats (UM) Almond (UM) 4
Cream Soy (UM) + 4
Macadamia nut (UM)
Cream Oats (UM) 3
Cream Almond (UM) Almond (UM) 3
Cream Oats (UM) Oats (UM) 2
Cream Almond (UM) 2
Cream Oats (UM) Soy (UM) 2
Cream Almond (UM) 2
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Sesame (UM)

Cream Almond (UM) 2
Soy (UM)
Cream Sesame (UM) 2
Cream Oats (UM) Almond (UM) 1
Cream Oats (UM + H) 1
Cream Oats (UM) Sesame (UM) 1
Cream Macadamia nut (UM) 1
Cream Soy (UM) + 1
Brazil nut (UM)
Cream Soy (UM) + 1
Sesame (UM)
Shampoo Wheat (H) 4
Shampoo Oats (HCM) 2
Shampoo Almond (UM) 2
Shampoo Wheat (UM) Almond (UM) 1
Shampoo Wheat (UM) 1
Shampoo Oats (H) 1
Shampoo Wheat (H) Milk (UM) 1
Shampoo Wheat (HCM) Almond (UM) 1
Shampoo Wheat (HCM) 1
Shampoo Oats (UM) Almond (UM) 1
Shampoo Oats (UM) 1
Shampoo Sesame (UM) 1
Shampoo Soy (UM) 1
Shampoo Soy (UM) + 1
Sesame (UM)
Soap Oats (UM) 3
Soap Milk (UM) 2
Soap Wheat (H) 1
Soap Oats (UM) Sesame (UM) 1
Soap Almond (UM) 1
Soap Almond (UM) 1
Soap Soy (UM) 1

Cream: Creams, lotions, and ointments. Shampoo: Shampoo and shampoo+body wash products. Soap:
Hand soap, body soap, bath soap, and other wash products. UM: Unmodified. H Hydrolyzed. HCM: Hy-
drolyzed and other chemical modification.

3.2.2 Identification of cosmetic products in webshops outside the EU

A mapping was done of the cosmetic product range available to Danish consumers on the In-
ternet via webshops that dispatch products to Denmark from addresses outside the EU. Prod-
ucts aimed at children and containing food-based ingredients that typically cause food allergy
were identified through systematic searches on Google, webshops, and producers' websites.
Webshops in the United States and the UK generally had a list of ingredients, and they were
therefore the largest source of purchased products from outside the EU. Large webshops in, for
example, China and India rarely had a list of ingredients, were not in English, and often required
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the shipment of large quantities. These webshops were excluded, as Danish consumers are not
expected to use them to a significant extent. A total of 91 cosmetic products were identified.
TABLE 10 shows the number of products, broken down by product category, ingredient type,
and food with an indication of modification. The products were typically found to contain oil,
especially extracted from almonds and soy. Protein, whole food, and extract ingredients based
on oats, milk, wheat, and soy were found. In addition, oil from macadamia nut was found as an
ingredient in some products.

TABLE 10. Number of cosmetic products aimed at children identified on webshops outside the
EU, broken down by product category, ingredient type, and food.

Ingredient type

Category Protein Whole Extract Oil Number
Oil Soy (UM) 3
Oil Oats (UM) Oats (UM) Oats (UM) 1
Qil Oats (UM) + 1
soy (UM)
Oil Wheat (UM) 1
Oil Almond (UM) 1
Oil Almond (UM) 1

Sesame (UM)

Cream Almond (UM) 8
Cream Oats (UM) 8
Cream Macadamia nut (UM) 4
Cream Almond (UM) 4
Macadamia nut (UM)
Cream Almond (UM) 4
Soy (UM)
Cream Milk (UM) Soy (UM) 3
Cream Milk (F) 3
Cream Soy (UM) 3
Cream Oats (UM) 2
Cream Oats (UM) Oats (UM) 2
Cream Oats (UM) 2
Cream Oats (H + HCM) Oats (UM) 1
Cream Oats (UM) Oats (UM) 1
Cream Oats (UM) 1
Shampoo Oats (UM) 3
Shampoo Soy (HCM) 2
Shampoo Oats (H) Oats (UM) 2
Shampoo Oats (UM) 2
Shampoo Soy (UM) 2
Shampoo Wheat (?) 1
Shampoo Wheat (H) 1
Shampoo Oats (H) 1
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Shampoo

Oats (HCM)

Shampoo

Oats (UM)

Wheat (UM)

Soap

Oats (UM)

Soap

Milk (UM)

Almond (UM)

Soap

Oats (UM)

Soap

Oats (UM) Oats (UM)

Soap

Wheat (H)

Soap

Soy (HCM)

Soap

Oats (HCM)

Soap

Almond (UM)

Cream: Creams, lotions, and ointments. Shampoo: Shampoo and shampoo+body wash products. Soap:

Hand soap, body soap, bath soap, and other wash products. UM: Unmodified. H Hydrolyzed. HCM: Hy-

drolyzed and other chemical modification. F. Fermented.

3.3

Subsidiary conclusion
Food-based ingredients are widely used in cosmetic products in both unmodified form and mod-
ified form. It was found that cosmetic products aimed at children and specific skin types in par-
ticular contained oils from almond or soy. In addition, oats were found as an additive in many
products as whole ingredient or extract. Finally, it was found that milk is added as protein or

whole food ingredient in certain products.
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4. Consumption of allergenic
foods in children

Studies suggest that early introduction of foods in children protects against the development of
food allergy. This means that, in early childhood, there is a temporal window for allergy devel-
opment before the child has been introduced to a given food via the diet. Based on dietary
studies conducted by DTU Food, this chapter examines when Danish children are introduced to
the various foods that typically cause food allergy.

4.1 Dietary study: Introduction to foods in children aged 0-24
months

In the period April 2014 to April 2015, DTU Food performed a national dietary survey among
infants and young children in which a personal interview with the parents was conducted. This
included questions aimed at establishing the time of introduction of different foods in children
aged 0-24 months. A total of 437 parents of children aged 12-24 months were asked at what
age their child was introduced to a given food. 427 of these parents answered the questions.
Based on these data, it is possible to assess the introduction of certain foods that typically
cause food allergy (stated in TABLE 1. Most allergenic foods, see EU Regulation 1169/2011
Annex ||

411 Breastfeeding and introduction of infant formula and drinking
milk

Most mothers started breastfeeding at birth (95 per cent) and about 75 per cent responded full

breastfeeding at 1 month of age, 55 per cent at 4 months, and 11 per cent at 6 months. Infant

formula was thus introduced by 5 per cent early after birth and by 25 per cent after 1 month.

Approximately 20 per cent of the parents of 1-year-old children responded that infant formula
had not been introduced and nearly 70 per cent had not received gruel or infant formula (follow-
on formula, which is infant formula for children aged from 6 months and up), see FIGURE 1.
Date of introduction of infant formula, gruel, or the like, as well as drinking milk, stated by parents
of children aged 12 to 24 months (n = 427). Approx. 70 per cent had not been given infant
formula as a cup drink, while less than 10 per cent had not been given ordinary drinking milk. Of
the approximately 80 per cent who were given infant formula during their first year, 44 per cent
were introduced to it between the age of 0-3 months. A few were given drinking milk before they
were 6 months old, but most during their first year and a few only after 1 year. This picture must
be assumed to have changed because the recommendations from the Danish Health Authority
were changed in March 2015, so that introduction of drinking milk is not recommended until the
age of 1 year, while it is recommended that infant formula as drinking milk in a cup could be
commenced at the age of 9 months. Ordinary milk in the food can be given in small quantities
(under 100 ml) from the age of 9 months.
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FIGURE 1. Date of introduction of infant formula, gruel, or the like, as well as drinking milk,
stated by parents of children aged 12 to 24 months (n = 427).

4.1.2 Introduction of porridge and mash of various foods

A few parents of children aged 12-24 months responded that they had introduced porridge be-
fore 4 months (FIGURE 2. Time of introduction of porridge, mash, and fish, stated by parents of
children aged 12-24 months (n = 427). The first porridge was typically corn, rice, or millet por-
ridge. It is currently not recommended to the same extent to use rice in young children due to
inorganic arsenic content. Most were introduced to these types of porridge at the age of 4-6
months, most at 4 months. Correspondingly, introduction to oatmeal and wholemeal porridge as
well as ‘gllebrgd’ (rye porridge) also started at 4 months, where it was given to less than 10 per
cent, while approx. 50 per cent were introduced to these porridge types at the age of 6 months.
Mashed vegetables/potatoes were also introduced to approx. 80 per cent of the children at the
age of 6 months; approx 40 per cent were introduced to this before the age of 4 months, and
approx. 20 per cent at the age of 4 and 5 months, respectively. A few introduced fish in mash at
4 and 5 months, but most from 6 months, while approx. 20 per cent were not introduced to mash
with fish. Fish in whole pieces were introduced to a very few at the age of 5 months, but most
from the age of 8 months and upwards. Only approx. 5 per cent were not introduced to fish.
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FIGURE 2. Time of introduction of porridge, mash, and fish, stated by parents of children aged
12-24 months (n = 427).

4.2 Dietary survey: Diet registration in children aged 6-36
months

In the national dietary survey of infants and young children, DTU Food implemented a diet reg-
istration among children aged 6-36 months in the period April 2014 to April 2015. A total of
1,364 parents registered the foods and beverages that their child ate and drank every day over
a one-week period. In the dietary survey, the children were divided into different age groups:
6-7 months, 8-9 months, 10-11 months, 12-23 months, and 24-36 months. Based on these
data, we can calculate the proportion of children who have eaten the food in question for each
age group. The proportion of children who have eaten the food in question for each age group
(stated as a percentage of the total number of children in the age group) can provide an esti-
mate of when and of how many children were introduced to certain of the foods that typically
cause food allergy (stated in TABLE 1. Most allergenic foods, see EU Regulation 1169/2011
Annex Il

).

421 Proportion who ingest milk products and breast milk

The diet registration showed that nearly all children aged 6-7 months (91 per cent) had received
a milk-based product, including infant formula or the like (FIGURE 3. The proportion of children
who had an intake of milk and dairy products during the week of diet registration, broken down
by age group. For comparisons, infant formula and breast milk are shown.Both the proportion
who were given ordinary milk products (drinking milk and sour milk products as well as milk on
porridge and mash) and the proportion who were given infant formula were high in this age
group, 73 per cent and 77 per cent, respectively, while the proportion who were given breast
milk was 61 per cent in this age group. The proportion given infant formula and breast milk
decreases in subsequent age groups, and the consumption of ordinary milk products increases
to nearly 100 per cent in these groups. Consumed milk products originate primarily from cows.
In comparison with food introduction (Chapter 4.1), it can be seen that milk was first introduced
as infant formula with subsequent introduction of ordinary milk products.
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FIGURE 3. The proportion of children who had an intake of milk and dairy products during the
week of diet registration, broken down by age group. For comparisons, infant formula and
breast milk are shown.

4.2.2 Cereals: Wheat and oats

The proportion who ingested foods with wheat was high (>70 per cent users) in the age group
6-7 months (Figure 4). In the older age groups, the proportion who eat wheat bread increases,
while the proportion who eat porridge with wheat decreases. This shows a shift in wheat protein
source with age. The proportion of oat-containing products was >80 per cent in the age group
6-7 months, with a slightly decreasing proportion of users in older age groups.
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FIGURE 4. Proportion of children who had an intake of oats, wheat bread, porridge with
wheat, and products with wheat in total during the diet registration week, broken down by age
group.
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4.2.3 Eggs, fish, and shellfish

The proportion who ate eggs, fish, or shellfish was <50 per cent in the age group 6-7 months in
the diet registration survey (FIGURE 5). The proportion who eat these foods increased in the
subsequent age groups, with egg eaters reaching a proportion close to 100 per cent. The slightly
lower proportion of children who had eaten fish may be due to this food not being eaten every
week among the study participants. Shellfish consumption is generally low in all age groups
(<20 per cent), but this level may also be due to this food category not being consumed every
week among the study participants.
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FIGURE 5. The proportion of children who had an intake of eggs, fish, or shellfish during the
diet registration week, broken down by age group.

4.2.4 Peanuts, tree nuts, and sesame

The proportion who ate peanuts, tree nuts, and sesame was low (<10 per cent) in the age group
6-7 months in the survey (FIGURE 6). The proportion increases in subsequent age groups, but
only reaches >50 per cent around the age of 12 months. These findings indicate that peanuts
and tree nuts are introduced much later than milk, cereals, eggs, and fish.
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FIGURE 6. The proportion of children who had an intake of tree nuts, peanuts (including pea-
nut butter), and fatty seeds (including sesame) during the diet registration week, for each age

group.

4.3 Strengths and weaknesses

It is a strength of the above dietary surveys that they include both questions about the introduc-
tion of foods going back in time among children aged 12-24 months, as well as registration of
food intake over a period of one week among children aged 6-36 months. However, there may
be some uncertainty connected within the interpretation of the composition of the registered
intake, which is due to the level of detail in the registration method. For example, it is not regis-
tered whether the wheat bread contains seeds and grains, or whether eggs and milk are con-
tained in composite products. Due to a lack of details, no information can be found about the
introduction of certain allergenic foods, such as soy, celery, and lupine.

The surveys were conducted in 2014-2015. The culture and dietary guidelines for the introduc-
tion of foods in children may have changed since then. For example, it is assumed that the
introduction of milk has changed following new guidelines for milk and infant formula in the tran-
sitional diet issued by the Danish Health Authority in 2015.

4.4 Subsidiary conclusion

The dietary survey from 2014-2015 shows variation in the introduction and consumption of foods
that typically cause food allergy. The results indicate early introduction of milk and cereals
(around the age of 4-6 months), followed by eggs, fish, and shellfish (around the age of 6-9
months), and then peanuts, tree nuts, and sesame (age of 1-2 years).
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5. Analysis of food proteins in
cosmetic products

Danish consumers’ access to cosmetic products containing food-based ingredients that typi-
cally cause allergy (stated in TABLE 1. Most allergenic foods, see EU Regulation 1169/2011
Annex Il

) was mapped in Chapter 3. As the proteins from these foods are those which primarily cause
food allergy, it is necessary to examine whether the cosmetic products contain proteins from
the ingredients used.

5.1 Focus on selection of foods

The results of the mapping in Chapter 3 were that cosmetic products aimed at children and
specific skin types typically contain ingredients based on almond, soy, oats, cow’s milk, wheat,
and/or macadamia nuts (among the foods that typically cause food allergy). Based on the map-
ping, it was decided to focus on analysis of proteins from the following foods:

e Cow’s milk:
The most common food allergy in children
Typically used as protein or whole ingredient in cosmetic products

e Almond:
Almond oil finds frequent use in cosmetic products
Some products contain almond extract

e Soy:
Typically used as protein, extract, or oil ingredient in cosmetic products

5.2 Selection of cosmetic products for analysis

Based on the mapping in Chapter 3, a representative selection of cosmetic products containing
ingredients based on milk, almond, and/or soy were purchased for analysis (see TABLE 11).
Purchases were made of a total of 39 products available to Danish consumers in stores and/or
webshops with dispatch in or to Denmark. A total of 19 products were purchased in Danish
stores or webshops, while 13 and 7 products, respectively, were purchased from webshops in
the rest of the EU and outside the EU.

TABLE 11. Cosmetic products purchased for analysis of food protein content with indication of
ingredient type and content of focus allergen.

Place of pur- Ingredient type Ingredient type Ingredient type Ingredient type

Product ID chase* Category** Protein*** Whole*** Extract*** Oil***

MST-01 DK Cream - - - Almond (UM)
Almond (UM)

MST-03 DK Cream - - - Sesame (UM)

MST-04 DK Cream Milk (H) - - -

MST-05 DK Cream - - - Almond (UM)

MST-06 DK Cream - - - Almond (UM)
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MST-07 DK Cream - - - Almond (UM)
MST-08 DK Cream Soy (H) - - Soy (UM)
MST-09 DK Cream - - Oats (UM) Soy (UM)
MST-11 DK oil - - - Almond (UM)
MST-12 DK Oil - - - Almond (UM)
MST-13 DK oil - - - Almond (UM)
MST-14 DK Oil - - - Soy (UM)
MST-15 DK Oil - - - Soy (UM)
MST-16 DK oil - - - Almond (UM)
MST-17 DK Shampoo - - Oats (UM) Almond (UM)
MST-18 DK Shampoo - - - Almond (UM)
MST-19 DK Soap Milk (UM) - - -
MST-20 DK Soap - - - Almond (UM)
MST-21 DK Soap - - - Almond (UM)
MST-22 Rest of the EU Cream - - Almond (UM) Almond (UM)
MST-23 Rest of the EU Cream Almond (UM)
MST-24 Rest of the EU Cream Soy (UM)
MST-25 Rest of the EU Cream Milk (UM)
MST-26 Rest of the EU  Oil Almond (UM)
MST-27 Rest of the EU  Oil Almond (UM)
Almond (UM)
MST-28 Rest of the EU  Oil Soy (UM)
MST-29 Rest of the EU  Shampoo Wheat (H) Milk (UM)
MST-30 Rest of the EU  Shampoo Almond (UM)
MST-31 Rest of the EU  Soap Almond (UM)
MST-32 Rest of the EU  Soap Milk (UM)
MST-33 Rest of the EU Soap Milk (UM)
Almond (UM) +
MST-34 Rest of the EU Cream Soy (UM)
Outside the
MST-35 EU Cream Soy (UM)
Outside the
MST-36 EU Cream Milk (UM)
Outside the
MST-37 EU Cream Milk (F)
Outside the
MST-38 EU Oil Almond (UM)
Outside the
MST-39 EU Oil Soy (UM)
Outside the
MST-40 EU Shampoo Soy (HCM)
Outside the
MST-41 EU Cream Almond (UM)

*Where the cosmetic product was purchased. **Cream: Creams, lotions, and ointments. Shampoo: Sham-
poo and shampoo+body wash products. Soap: Hand soap, body soap, bath soap, and other wash prod-
ucts. ***Ingredient types. UM: Unmodified. H Hydrolyzed. HCM: Hydrolyzed and other chemical modifica-

tion. F. Fermented.
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5.3 Choice of analysis method

The enzyme-linked immunosorbent assay (ELISA) method is used for the analysis of food pro-
teins in cosmetic products. This antibody-based method is widely used for protein analysis due
to its generally high specificity (ability to detect only one specific protein) and sensitivity (detec-
tion of miniscule quantities of protein). There are several commercially available analysis kits
that can measure food proteins. These are used in the food industry to check cross-contamina-
tion of foods with food allergens. The method is used by the industry to ensure that processed
foods do not contain allergens that can cause allergic reactions in consumers with food allergy.
This project uses commercially available analysis kits from Eurofins Technologies. These anal-
ysis kits have been validated by the producer for use in analysis of complex and diverse foods
(e.g., cakes, meat products, chocolate, etc.). In addition, the analyses have been tested for the
absence of cross-reactivity with other food allergens than those the analysis kit is intended to
detect. Below are the specifications of the analyses, including standard series, Limit of Detection
(LOD) and Limit of Quantification (LOQ).

e Cow's milk:
o ELISA kit: SENSISpec ELISA Milk 96 Wells
o Producer: Eurofins Technologies (www.eurofins-technologies.com)
o Standard series: 0, 0.4, 1, 4, and 10 ppm
o LOD: 0.05 ppm
o LOQ: 0.4 ppm

e Almond:

e ELISA kit: SENSISpec ELISA Almond 96 Wells

e Producer: Eurofins Technologies (www.eurofins-technologies.com)
o Standard series: 0, 0.4, 1, 4, and 10 ppm
o LOD: 0.06 ppm
o LOQ: 0.4 ppm

e Soy:
e ELISA kit: SENSISpec ELISA Total Soy Protein
¢ Producer: Eurofins Technologies (www.eurofins-technologies.com)
e Standard series: 0, 2, 6, 18, and 36 ppm

LOD: 0.2 ppm

e LOQ: 2 ppm

The producer of the above analysis kits has not examined whether these ELISA assays can be
used for analysis of food proteins in cosmetic products. In the research literature, there are only
two previous studies that have used commercially available ELISA assays for protein analysis
of cosmetic products (both for wheat protein analysis) (Thomson and Grace 2012, Sharma et al
2016). It is therefore necessary to perform a method validation to establish whether the selected
ELISA assays are useful for analysis of food proteins in cosmetic products.

54 Method validation

Cosmetic products are a mixture of different substances that give the product the desired prop-
erties (e.g., fats and soaps). These substances can affect the analysis of food proteins, as they
may influence the function of the analytical reagents. Therefore, a number of cosmetic prod-
ucts—primarily aimed at children— were selected for method validation. The selected products
(matrices) are shown in TABLE 12 with an indication of the type and content of the product. Only
products containing no ingredients based on milk, almond, or soy were selected. In the method
validation, a known quantity of milk, almond, or soy protein is added so that it can be determined
whether the matrices affect the result. This type of trial is called recovery trial, where a known
quantity of protein is added (by so-called ‘spiking’ of the sample).
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TABLE 12. The cosmetic products (matrices) selected for method validation.

Matrix no.  Description

1 Baby oil & bath

Baby oil

Baby cream

Baby shampoo & bath

2
3
4 Baby cream
5
6

Baby shampoo

5.4.1 Validation parameters

The limit of detection and limit of quantification of the analyses are determined by analysis of 6
samples that do not contain food protein (so-called blank samples). The limit of detection and
limit of quantification are determined as the mean value of the analysis with addition of 3 and 10
times the standard deviation of the samples, respectively. The measurement range and correct-
ness of the analyses (the ability to determine the correct quantity of protein) are determined by
spiking with a known quantity of food protein in the concentrations used in the standard series
of analyses. Correctness is determined as the slope of the linear correlation curve between
added (spike) concentration vs. measured concentration. l.e., a slope of 1 indicates optimal
correctness with good coherence, whereas a value greater or lower than 1 shows an overesti-
mation or underestimation in the analysis, respectively.

5.4.2 Validation results: Cow’s milk ELISA assay

Virtually all matrices (TABLE 13) gave rise to a higher value for the limit of detection and limit of
quantification of the cow’s milk ELISA relative to the limits stated by the producer (LOD: 0.05
ppm and LOQ: 0.4 ppm, respectively). The results from the recovery trial (TABLE 14 and Ap-
pendix 1.1) were that the correctness of analyses with the oil matrices was good. In turn, how-
ever, the correctness was only adequate for one of the cream products, whereas the other cream
product led to an overestimation of the protein content. This finding suggests that different com-
positions of cream products have different impacts on the correctness of the cow's milk ELISA.
It was also found that the shampoo products led to an underestimation of the protein content.
Therefore, the conclusion is that cosmetic matrices affect the function of the cow’s milk ELISA
assay.

TABLE 13. LOD and LOQ for matrices analysed with cow’s milk ELISA assay.

Matrix no. Description LOD* LOQ**
1 Baby oil & bath 0.92 ppm 3.02 ppm
2 Baby oil 0.49 ppm 1.03 ppm
3 Baby cream 0.84 ppm 2.22 ppm
4 Baby cream 0.56 ppm 2.60 ppm
5 Baby shampoo & bath 0.32 ppm 0.79 ppm
6 Baby shampoo < 0.05 ppm 1.35 ppm

*Limit of Detection. **Limit of Quantification.
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TABLE 14. Results from recovery trials for matrices analysed with cow’s milk ELISA assay.

Matrix no. Description Range of Correctness*
measurement
1 Baby oil & bath 0 -4 ppm 0.996x
2 Baby oll 0-10 ppm 0.943x
3 Baby cream 0 -4 ppm 1.409x
4 Baby cream 0—-10 ppm 0.803x
5 Baby shampoo & bath 0-10 ppm 0.352x
6 Baby shampoo 0-10 ppm 0.134x

*Slope of curve for linear correlation between spike concentration vs. measured concentration.

5.4.3 Validation results: Aimond ELISA assay

The different matrices have a limited impact on the almond ELISA’s limit of detection and limit
of quantification (TABLE 15), as most were below the kit limits of 0.06 and 0.4 ppm, respectively.
However, the results from the recovery trial (TABLE 16 and Appendix 1.2) were that analyses
based on the oil and cream matrices led to an overestimation of the protein content. This over-
estimation meant that the 10 ppm sample was outside the measurability of the analysis. There-
fore, 10 ppm was deleted in the determination of the range of measurement, which means that
the analyses based on the oil and cream matrices have a range of measurement of 0 - 4 ppm.
In turn, there was good correctness for the shampoo products, which had a correlation close to
1 and a range of measurement of 0 - 10 ppm.

TABLE 15. LOD and LOQ for matrices analysed with almond ELISA assay.

Matrix no. Description LOD* LOQ**
1 Baby oil & bath <0.06 ppm <0.40 ppm
2 Baby oil 0.09 ppm <0.40 ppm
3 Baby cream <0.06 ppm <0.40 ppm
4 Baby cream 0.14 ppm 0.41 ppm
5 Baby shampoo & bath <0.06 ppm 0.40 ppm
6 Baby shampoo <0.06 ppm <0.40 ppm

*Limit of Detection. **Limit of Quantification.

TABLE 16. Results from recovery trial for matrices analysed with almond ELISA assay.

Matrix no. Description Range of Correctness*
measurement
1 Baby oil & bath 0 -4 ppm 1.459x
2 Baby oil 0 -4 ppm 1.451x
3 Baby cream 0 -4 ppm 1.312x
4 Baby cream 0 -4 ppm 1.243x
5 Baby shampoo & bath 0-10 ppm 0.988x
6 Baby shampoo 0-10 ppm 0.943x

*Slope of curve for linear correlation curve between spike concentration vs. measured concentration.

5.4.4 Validation results: Soy ELISA assay

Several of the matrices (TABLE 17) resulted in a higher value for the limit of detection and limit
of quantification of the soy ELISA relative to the limits stated by the producer (LOD: 0.2 ppm
and LOQ: 2 ppm, respectively). The results from the recovery trial (TABLE 18 and Appendix 1.3)
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were that the matrices gave rise to varying correctness, with several having an underestimation
of the protein content. This finding therefore suggests that the diverse composition of cosmetic
products will have a different impact on the correctness of the soy ELISA.

TABLE 17. LOD and LOQ for matrices analysed with soy ELISA assay.

Matrix no.  Description LOD* LOQ**
1 Baby oil & bath 0.92 ppm 3.02 ppm
2 Baby oil 0.49 ppm <2ppm
3 Baby cream 0.84 ppm 2.22 ppm
4 Baby cream 0.56 ppm 2.60 ppm
5 Baby shampoo & bath 0.31 ppm <2 ppm
6 Baby shampoo 0.03 ppm <2 ppm

*Limit of Detection. **Limit of Quantification.

TABLE 18. Results from recovery trial for matrices analysed with soy ELISA assay.

Matrix no. Description Range of Correctness*
measurement
1 Baby oil & bath 0 — 36 ppm 0.859x
2 Baby oil 0 — 36 ppm 0.339x
3 Baby cream 0 — 36 ppm 0.830x
4 Baby cream 0 — 36 ppm 0.941x
5 Baby shampoo & bath 0 — 36 ppm 0.597x
6 Baby shampoo 0 — 36 ppm 0.361x

*Slope of curve for linear correlation between spike concentration vs. measured concentration.

5.5 Analysis results: Cow's milk

The ELISA analyses showed measurable milk protein in all purchased products with milk-based
ingredients (TABLE 19). Especially products with whole and protein ingredient types had the
highest levels of milk protein. It is important to note that the method validation results show that
the specific composition of the products may lead to an overestimation or underestimation of the
protein content. However, it must be concluded that the products analysed contain measurable
levels of milk protein. Several of the samples had low added spike recovery (TABLE 19). This
may be due to a varying effect of the cosmetic matrices, as was also seen in the validation
analyses of the ELISA assay for milk (Chapter 5.4.2). Therefore, there is significant uncertainty
about the exact milk protein content in the analysis. Therefore, a different method should be
used if a more precise determination of the quantity of milk protein content is desired.

TABLE 19. Analytical results for cosmetic products containing milk.

Place of pur-
Product ID chase* Category** Content*** Concentration Spike****
MST-04 DK Cream Milk: Protein (H) 0.36 ppm 55.93 %
MST-19 DK Soap Milk: Protein (UM) 36.09 ppm -
MST-25 Rest of the EU  Cream Milk: Whole (UM) 10.07 ppm 211 %
MST-29 Rest of the EU  Shampoo Milk: Whole (UM) 3.91 ppm -10.82 %
MST-32 Rest of the EU  Soap Milk: Whole (UM) 250.54 ppm -
MST-33 Rest of the EU  Soap Milk: Whole (UM) 101.66 ppm -
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MST-36 Outside the EU  Cream Milk: Whole (UM) 4.36 ppm 48.43 %

MST-37 Outside the EU  Cream Milk: Whole (F) 121.71 ppm -

*Where the cosmetic product was purchased. **Cream: Creams, lotions, and ointments. Shampoo: Sham-
poo and shampoo+body wash products. Soap: Hand soap, body soap, bath soap, and other wash prod-
ucts. ***Ingredient type. UM: Unmodified. H Hydrolyzed. F. Fermented. ****Per cent recovery of 5 ppm
spike added during the analysis of the cosmetic product.

5.6 Analysis results: Aimond

Almond oil was the most frequent ingredient in the cosmetic products analysed for almond pro-
tein (TABLE 20). Product MST-06 was the product with the highest ascertained almond protein
content. The remaining products were below or close to the limit of detection (0.06 ppm). In the
products MST-21, MST-26 and MST-41, small quantities of almond protein were found. In gen-
eral, there was good recovery of almond protein in the spike samples (TABLE 20), indicating
that the almond ELISA can be used on cosmetic products with a varied product composition.

TABLE 20. Analysis results for cosmetic products containing almond.

Place of pur- Spike****
Product ID chase* Category** Content*** Concentration
MST-01 DK Cream Almond: Oil (UM) 0.03 ppm 107 %
MST-03 DK Cream Almond: Oil (UM) 0.02 ppm 109 %
MST-05 DK Cream Almond: Oil (UM) 0.00 ppm 93 %
MST-06 DK Cream Almond: Oil (UM) 43.07 ppm -
MST-07 DK Cream Almond: Oil (UM) 0.00 ppm 101 %
MST-11 DK Oil Almond: Oil (UM) 0.00 ppm 111 %
MST-12 DK Oil Almond: Oil (UM) 0.00 ppm 109 %
MST-13 DK Oil Almond: Oil (UM) 0.00 ppm 113 %
MST-16 DK Oil Almond: Oil (UM) 0.00 ppm 108 %
MST-17 DK Shampoo Almond: Oil (UM) 0.00 ppm 94 %
MST-18 DK Shampoo Almond: Oil (UM) 0.00 ppm 106 %
MST-20 DK Soap Almond: Oil (UM) 0.00 ppm 55 %
MST-21 DK Soap Almond: Oil (UM) 0.08 ppm 63 %
MST-22 Rest of the EU  Cream Almond: Extract (UM) 0.04 ppm 89 %

+ oil (UM)

MST-23 Rest of the EU  Cream Almond: Oil (UM) 0.02 ppm 85 %
MST-26 Rest of the EU Ol Almond: Oil (UM) 0.08 ppm 119 %
MST-27 Rest of the EU  Qil Almond: Oil (UM) 0.01 ppm 99 %
MST-28 Rest of the EU  Qil Almond: Oil (UM) 0.00 ppm 103 %
MST-30 Rest of the EU  Shampoo Almond: Oil (UM) 0.00 ppm 83 %
MST-31 Rest of the EU  Soap Almond: Extract (UM) 0.00 ppm 81 %
MST-34 Rest of the EU  Cream Almond: Oil (UM) 0.03 ppm 81 %
MST-38 Outside the EU  Oil Almond: Oil (UM) 0.03 ppm 97 %
MST-41 Outside the EU  Cream Almond: Oil (UM) 0.20 ppm 75 %

*Where the cosmetic product was purchased. **Cream: Creams, lotions, and ointments. Shampoo: Sham-
poo and shampoo+body wash products. Soap: Hand soap, body soap, bath soap, and other wash prod-
ucts. ***Ingredient type. UM: Unmaodified. ****Per cent recovery of 5 ppm spike added during the analysis
of the cosmetic product.
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5.7 Analysis results: Soy

Soy oil was the most frequent ingredient in the cosmetic products analysed for soya protein
(TABLE 21). All products were below or close to the ELISA limit of detection (0.2 ppm). In the
method validation, it was found that the limit of detection and limit of quantification were a lot
higher when analysed on cosmetic matrices. A limit of detection of around 1 ppm was generally
found in the validation of cosmetic matrices (see TABLE 17). It must therefore be assumed that
soy protein cannot be detected in the analysed products, as the measured concentrations are
far below 1 ppm (TABLE 21). Analysis of the spike samples shows a reasonable recovery (i.e.,
a spike recovery close to 100 per cent) of soy protein in the cosmetic products (TABLE 21). This
indicates that the analysis can be performed on the selected cosmetic products.

TABLE 21. Analysis results for cosmetic products containing soy.

Place of pur-
Product ID chase* Category** Content*** Concentration Spike****
MST-08 DK Cream Soy: Protein (H) 0.21 ppm 2%
MST-09 DK Cream Soy: Oil (UM) 0.30 ppm 75 %
MST-14 DK oil Soy: Oil (UM) 0.32 ppm 51 %
MST-15 DK Oil Soy: Oil (UM) 0.13 ppm 125 %
MST-24 Rest of the EU  Cream Soy: Oil (UM) 0.28 ppm 96 %
MST-28 Rest of the EU Ol Soy: Oil (UM) 0.00 ppm 50 %
MST-34 Rest of the EU  Cream Soy: Oil (UM) 0.00 ppm 99 %
MST-35 Outside the EU  Cream Soy: Oil (UM) 0.08 ppm 79 %
MST-39 Outside the EU  Oil Soy: Oil (UM) 0.22 ppm 44 %
MST-40 Outside the EU  Shampoo Soy: Protein (HCM) 0.00 ppm 118 %

*Where the cosmetic product was purchased. **Cream: Creams, lotions, and ointments. Shampoo: Sham-
poo and shampoo+body wash products. Soap: Hand soap, body soap, bath soap, and other wash prod-
ucts. ***Ingredient type. UM: Unmodified. H Hydrolyzed. HCM: Hydrolyzed and other chemical modifica-
tion. ****Per cent recovery of 10 ppm spike added during the analysis of the cosmetic product.

5.8 Subsidiary conclusion

Overall, the ELISA method can be used to determine the presence of milk protein, almond pro-
tein, and soy protein in cosmetic products when the proteins are present in sufficient quantity.
The specific cosmetic matrices affect the recovery rate, limits of detection, and limits of quanti-
fication. There is therefore some uncertainty in determining low protein concentrations in cos-
metic products. In particular, milk protein could be found in the cosmetic products where milk is
a whole or protein ingredient. Almond protein was found in a single cream product containing
almond oil. It is uncertain whether cosmetic products containing oil from almond or soy contain
protein from these foods, as the levels are very close to the limit of detection of the analyses.
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6. Risk assessment

Cosmetic products containing food-based ingredients are available to Danish consumers via
purchases in stores and on the Internet. Several studies indicate that food allergy may be de-
veloped through skin exposure to food proteins. A literature review will be done for the pur-
pose of establishing whether there is currently sufficient knowledge to perform an assessment
of the risk associated with the use of cosmetic products containing food proteins in relation to
food allergy in children.

Compared to contact allergy to chemicals, knowledge about sensitization to food proteins via
the skin is limited. For chemicals, it is known that the unit to be used in risk assessments is
dose per unit area (Api et al 2008). This means that it is not the total dose that is used. The
background is that a certain concentration of the substance must be present to trigger a sensi-
tization. It is not known whether this also applies to proteins, but as the mechanisms of the two
forms of sensitization resemble each other, it is assumed that concentration per unit area is
decisive for sensitization. This assumption is used in the following.

In the analyses of the cosmetic products, measurable content of milk protein and almond pro-
tein was found, and it is being examined whether it is possible to find sensitization data that
can be used in a risk assessment. Exposure data will be based on the analysis results.

6.1 Data from humans: Elicitation

Contact allergy to chemicals—a type IV reaction—is frequent in the human population. The di-
agnosis is made on the basis of patch testing—i.e. elicitation after exposure—where the dose
used is high enough to induce an allergic response and low enough not to trigger an irritation.
Typically, one standard dose is used. Fisher et al (2011) have examined the possibility of us-
ing human data for elicitation to determine a secure dose for sensitization. For this purpose,
they have examined data from dose-response studies with eight different contact allergens
and determined the dose that gave a positive response after patch testing (elicitation) in 10 per
cent of the studied population (ED10). They found that the median value for ED10 was 0.835
pg/cm?. They compared ED10 for elicitation with sensitization data (EC3 from Local Lymph
Node Assay see section 6.7) and found no obvious correlation between sensitization doses
and elicitation doses. Once the contact allergy has been established, there does not seem to
be much difference between the doses that trigger symptoms (Fisher et al 2011).

It is not known whether the same applies to sensitization to proteins—a type | allergy—and
there are no data for examining this. In addition, the most relevant exposure in relation to elici-
tation in this project is not the skin, but the gastrointestinal tract. There is a large volume of
dose-response data on elicitation of food allergy after oral exposure used to calculate EDO1,
EDO5, etc. (Remmington et al 2020), but there is no knowledge of the correlation with sensiti-
zation data, either oral sensitization or sensitization via skin or airways.

As the above shows, elicitation data from humans cannot be used for an assessment of the
risk of sensitization.

6.2 Data from humans: Sensitization

It has been known for many years that proteins may sensitize via the skin in connection with
occupational skin exposure, so-called ‘food handler dermatitis’ (Hjorth and Roed-Petersen
1976, Lukacs et al 2016).
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The recognition that the skin may be a route of sensitization for food allergens in non-occupa-
tional skin exposure is relatively new. The objective of this section is to examine studies with a
well-documented correlation between skin sensitization and food allergy.

6.2.1 Protein from peanuts may sensitize children with atopic
dermatitis
Historically, it has been difficult to explain how children could develop allergic symptoms the
first time they ate a food. A possible explanation came in 2003 with a study that showed that
allergy to peanuts in young children correlated with the use of peanut oil-based skin cream in
children with skin inflammation (atopic dermatitis). 91 per cent of the children who developed
symptoms of food allergy after intake of peanuts had been exposed to peanut oil-based skin
cream in their first six months of life, to a great extent during periods in which the child had ec-
zema (Lack et al. 2003).
Later studies have shown allergens from peanuts in household dust. Studies of the correlation
between the occurrence of peanut allergens in household dust and sensitization to peanuts
have shown that exposure to peanut protein in dust (13-151 ug peanut protein/g dust) corre-
lated with sensitization to peanuts and probable food allergy. The correlation was strongest
among children with atopic dermatitis. There was no association between exposure to peanut
dust and sensitization with peanuts in the group of children without atopic dermatitis, indicating
that the sensitization occurs through an impaired skin barrier. The study also indicates that an
impaired skin barrier—such as in children with filaggrin loss-of-function mutation that impacts
the skin barrier—is not sufficient for sensitization, but that an active inflammatory condition
must also be present (Brough et al 2013, 2014, 2015).
The hypothesis that sensitization to peanuts in young children may occur via skin with an ac-
tive inflammatory condition was supported by subsequent studies of oral tolerance. It was
found that early introduction of peanuts into the diet reduced the frequency of peanut allergy in
high-risk children i.e. children with severe eczema, allergies to eggs, or both (Du Toit et al
2015).
Based on available studies, it is not possible to say anything about which doses of protein
have caused sensitization, as there are no analyses of, for example, creams for peanut protein
that correlate quantity with sensitization. The quantity of protein in house dust cannot be trans-
lated into exposure doses.
Teuber et al (1997) examined peanut oils for protein content and showed that two highly re-
fined oils had a content of 3.0 and 5.7 ug protein/ml, respectively. Two low-grade refined oils
contained 10.5 and 10.7 pg protein/ml. The quantities correlated with the degree of binding to
IgE from patients with peanut allergy. In a similar study, Olszewski et al (1998) measured the
protein concentration in commercial peanut oils and found 0.1-0.2 ug protein/g. Blom et al
(2017) cite results from an unpublished study in which highly refined peanut oil that meets
FEDIOL (the European Vegetable Oil and Proteinmeal Association) standards was examined.
The results were an average protein concentration in refined peanut oil of 0.69 mg peanut pro-
tein/kg (0.69 pg/g) based on 22 samples containing 0.070 to 1.756 ug/g.
Data on the protein content of peanut oil thus vary from 0.1-10.7 ug/g. Unfortunately, these
data cannot be linked to the clinical studies.

6.2.2 Acid hydrolyzed wheat gluten can break oral tolerance to wheat
Gluten can be hydrolyzed with enzymes or by treatment with acid during heating. Acid hydroly-
sis causes different degrees of deamidation and changes the physicochemical properties in a
way that makes the product suitable as an emulsifier usable in the cosmetics and food indus-
tries (Kroghsbo et al 2014, Ballegaard et al 2021).

In 2002, Pecquet et al. described a case of urticaria (hives) in an atopic woman who had used
a skin cream containing hydrolysed wheat protein. The woman subsequently developed gen-
eralized urticaria after eating a food with hydrolysed wheat protein from the same producer.
The woman could tolerate food products with ordinary wheat. Although the route of sensitiza-
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tion is not known, the authors suggest that the chronology of reactions is in favour of cutane-
ous sensitization. Other descriptions of cases followed, but it was not entirely clear how the
sensitization had occurred or what type of hydrolysed gluten was involved (Leduc et al 2003,
Lauriére et al 2006). Cases have subsequently been reported of allergic reactions to foods
with acid hydrolysed gluten from Finland (Pelkonen et al 2011) and Denmark (Christensen et
al 2018). The route of sensitization was not known in these cases either, but it has been char-
acteristic of the European cases that the persons could tolerate ordinary wheat products.

IgE from people who are allergic to acid hydrolysed wheat can bind to deamidated epitopes
(glutamine to glutamic acid) in gluten, and the binding rate increases with increased degree of
deamidation (Denery-Papini et al. 2012).

Reports from Japan described IgE-mediated reactions to a facial soap containing acid-hydro-
lysed gluten and food allergy to common wheat in adults (Fukutomi et al 2011, Chinuki et al
2011, Nakamura et al 2013). The soap had been used by a large number of people, and an
epidemiological study showed a correlation between use of the soap and wheat allergy (Fuku-
tomi 2014). In the Japanese cases, it was clear that the sensitization had occurred via the
skin. The combination of acid hydrolysed gluten and detergent in the soap may have en-
hanced the sensitization, but the length of exposure is also a contributing factor. The patients
described by Fukutumi et al (2011) had been using the soap for 1-3 years before onset of the
food-related symptoms. It is characteristic of the Japanese cases—relative to the European
cases—that the tolerance to common wheat is broken.

Cosmetic Ingredient Review, CIR (2014), describes the content of hydrolysed wheat gluten in
cosmetic products up to 0.09 per cent (900 pg/g). The Japanese soap contained 0.3 per cent
(3 mg/g) acid hydrolysed gluten (Fukutomi et al 2014), i.e. 1 g of soap gave an exposure of 3
mg of acid hydrolysed gluten.

6.2.3 Milk

Bruusgaard-Mouritsen et al (2020) have reviewed the literature describing reactions to food
proteins in the skin. They describe four cases of type | reactions to milk proteins where the
previous history suggests that sensitization to milk has occurred via the skin. Two of the cases
concern infants (aged 11 and 12 months). The other two cases are women aged 16 and 35.

6.2.4 Oats

Creams containing oats improve the skin barrier and are used in the treatment of eczema.
They may cause both types | and IV reactions after skin exposure (Bruusgaard-Mouritsen et al
2020). Bruusgaard-Mouritsen et al (2020) describe two cases of type | sensitization and four
cases of combined types | and IV sensitization. One of the cases described—a woman of 33
years—developed symptoms in her mouth after oral consumption of oats.

6.2.5 Soy
Soy protein is used in various cosmetic products. Two cases of Type | allergy to soy protein

after skin exposure have been described. In one of these cases, a 30-year-old woman devel-
oped severe allergic symptoms after eating soy products (Bruusgaard-Mouritsen et al 2020).

6.2.6 Subsidiary conclusion

There are two well-described associations between skin exposure to food allergens and food
allergy. One in young children (peanuts) and the other in adults (acid hydrolysed gluten).

The children—who had atopic dermatitis and did not have oral tolerance to peanuts—have
probably been sensitized by low doses of peanut protein, and both the condition of their skin
and the lack of oral tolerance have been of essential importance (Brough et al 2015, Du Toit et
al 2015). Data on the correlation between the dose of peanut protein, frequency, and duration
of exposure and the risk of sensitization cannot be derived from these studies.
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That skin sensitization may lead to food allergy if oral tolerance has not been established has
been formulated as “the dual allergen exposure hypothesis" (Lack 2012), which is assumed to
apply to food allergens in general.

In the Japanese studies of skin exposure to acid hydrolysed gluten, the subjects were adults
who are assumed to have been tolerant to wheat and thus gluten. The descriptions indicate
that the skin had not been damaged before use of the soap began, which means that the initial
contact had been on intact skin. It is not possible to calculate an exact dose/unit area, but the
content of acid hydrolysed gluten in the soap suggests an exposure dose that may be 1,000
times higher than the exposure with protein from peanut oil that has sensitized young children
with eczema. This suggests that a higher dose is needed to break a previously established tol-
erance. In addition, the new epitopes formed after acid hydrolysis also play a role (Ballegaard
2021).

6.3 Animal studies: Elicitation

Data on elicitation—which will typically be anaphylactic shock after oral exposure—are dis-
cussed in the section on sensitization. In keeping with the text on elicitation in humans, it is un-
likely that data on elicitation after skin exposure in animals will help us understand sensitiza-
tion doses.

6.4 Animal studies: Sensitization

By way of introduction, it is important to establish that the animal studies that examine skin
sensitization with food allergens are not designed for risk assessment purposes. They are typi-
cally conducted to examine whether skin sensitization with proteins is possible, which condi-
tions are important, and the consequences for food allergy. Therefore, there are many
thoughts on how such experiments can be designed, and this makes it difficult to compare
them. The recognition that skin sensitization may have consequences that extend beyond the
skin and the importance of oral tolerance is relatively new (Lack et al. 2003). This may explain
why science is still preoccupied with mechanisms rather than with considering how to perform
risk assessments.

6.4.1 Factors to be included in assessment of animal models for skin
sensitization with proteins

6.4.1.1 Animal models for skin sensitization with food proteins

The first study to show that the application of food protein to the skin of mice could lead to the
formation of specific IgE—a so-called Th2 response—dates from 1996 (Wang et al. 1996).
Since then, there have been a large number of studies on animals that examine sensitization
with proteins via the skin. Primarily mice have been used in trials, but there has also been use
of rats, guinea pigs, and dogs (Spergel et al. 1998; Fallon et al. 2009; Dunkin, Berin and
Mayer, 2011; Marsella, 2015; Matsunaga et al., 2015; Ballegaard et al., 2019). Many different
experimental designs have been used by many different research groups. The individual
groups have usually conducted a limited number of trials with the same design, which makes it
difficult to compare the conditions needed for sensitization to occur.

6.4.1.2 Food—food proteins

There are only trials with three different foods where we have information about the dose re-
sponse. These are: 1. Ovalbumin (OVA) from chicken eggs, which has been used as a model
substance by many research groups, 2. whey protein concentrate and hydrolysates of whey
protein from cow’s milk, and 3. gluten from wheat and hydrolysates of gluten (see section
6.4.2).

Not all proteins appear to sensitize equally effectively. Comparison of different foods has
shown that extract from peanuts or cashew nuts is better at sensitizing than extracts from soy
or green beans (Tordesillas et al 2014).
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Both pure proteins and protein extracts can thus sensitize, but the importance of matrix is not
clear. In one study, Wawrin et al (2014) showed that exposure to milk protein resulted in beta
lactoglobulin (BLG)-specific IgE, but exposure to pure BLG did not, meaning that this involved
an effect caused by the other components in the milk.

6.4.1.3 Animals

The dose-response studies use Balb/c mice, which is the mouse strain that gives the highest
response in oral trials with food allergens (Smit et al 2011), or Brown Norway rats, which are
also used to study food allergy in other contexts, as this is a so-called high IgE responder
strain (Ballegaard 2019).

6.4.1.4 Feed

The animals’ feed is an important parameter in terms of knowing whether the animals are na-
ive or tolerant to the food being used for sensitization. There is no information about the feed
in the trials with OVA, but as eggs are not included in ordinary feed for mice, it can be as-
sumed with a high probability that the animals have not been given eggs in their feed and that
they are therefore naive in relation to eggs. In the study with whey proteins, it is specified that
the animals are given milk-free feed. In the trials with gluten proteins, the animals are either on
gluten-free feed or on gluten-containing feed, and they are thus either naive or tolerant in rela-
tion to gluten. The trials showed that oral tolerance protected against the development of al-
lergy to gluten, which supports the importance of being exposed to a food by mouth, so that
oral tolerance can be established before skin exposure to the food (Ballegaard et al 2019,
2021, Larsen et al 2022).

6.4.1.5 Condition of the skin

Atopic dermatitis in humans is a known risk factor for the development of food allergy (Martin
et al 2015), just as mutations in the gene that codes for filaggrin—a protein essential in main-
taining a normal skin barrier—have also been associated with the development of food allergy
(Brown et al. 2011).

The condition of the skin is therefore a decisive factor in the animal trials. It is not always clear
in the descriptions of the trials what has been the condition of the animals’ skin before and dur-
ing exposure to allergens.

In the trials in which the substance is applied to the body, it is necessary to cut off the hair and
repeat this regularly, for example once a week. This is typically done with an electric cutter.
Depilatory cream has also been used in some studies.

Damage to the skin may increase sensitization. So-called ‘tape stripping'—where ordinary
tape is used 3-10 times to remove the outer layer of the skin—affects the condition of the skin
and promotes cytokine production in the skin. It is used as a surrogate for scratching with
nails, which occurs frequently in atopic dermatitis (Oyoshi et al., 2009).

Both tape stripping and the use of depilatory cream may damage the skin and cause inflam-
mation with increased production of cytokines (Wavrin et al 2014, Galand et al 2016,
Pazos-Castro et al 2022).

Another way to affect the skin is to apply the Vitamin D analogue MC903, which causes atopic
dermatitis-like skin changes (Noti et al 2014).

The use of patches for application of foods may also affect the skin. Spergel et al (1998) found
that—after three weeks with patches—the skin had thickened with inflammation in the animals
dosed with OVA, but not in the animals dosed only with saline. Iwamoto et al (2019) also find
histological changes in the skin after tape stripping and occlusion. They assume that tape
stripping activates Langerhans cells in the skin that promote the absorption of protein from the
surface in parallel to what occurs in atopic dermatitis (for further elaboration, see section 1.5).
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6.4.1.6 Application and occlusion

It is important that the animals cannot ingest the food.. This probably explains why many stud-
ies use patches that are attached for up to weeks at a time. When the substance is applied us-
ing patches that remain on the skin for a long time, the permeability of the skin—and thus the
absorption of the substance—will be affected (see section 6.4.1.5).

6.4.1.7 Duration and dose response

Both the dose and dosage duration are of importance. In a study with sesame in mice,
Navuluri et al (2006) showed that 5 ug/mouse (0.05 mg/ml) could not measurably induce spe-
cific IgG1 and IgE. 50 pg/mouse (0.5 mg/ml) only induced 1gG1, and 500 pg/mouse induced
both an IgG1 and an IgE response (5 mg/ml). In addition, there were clear signs that duration
played a role. Others have found similar results (Birmingham et al. 2007, Parvataneni et al.
2009).

6.4.1.8 Post-immunization

Immunization after skin sensitization can be used to further stimulate the immune system and
thus make it easier to measure the skin sensitization effect. In various trials, post-immunization
has been done in airways and gastrointestinal tract (oral) (Morita et al 2012, Tordesillas et al
2014, Ballegaard et al 2019). Oral post-immunization is most relevant in the current context.

6.4.1.9 Detection of sensitization

Most studies use ELISA methods for detection of specific IgE and IgG1 in the blood as
measures of sensitization. In addition, for example Th2 cytokines are measured after stimula-
tion of cells from lymph nodes or spleen. In some studies, anaphylactic shock is measured af-
ter provocation to determine that the measured specific IgE is functional, i.e. can trigger an al-
lergic reaction.

6.4.2 Assessment of selected studies

Below are included studies for which information has been provided about doses per area unit
and where several doses have been examined, thus constituting information about dose re-
sponse. This concerns studies with 1. OVA from chicken eggs, 2. whey protein and whey pro-
tein hydrolysates from cow’s milk and 3. gluten and modified forms of gluten. The three studies
examining the lowest doses are reviewed below.

6.4.2.1 Ovalbumin (OVA)

Wang et al (1996) are the first to use a food to examine skin sensitization with protein in mice.
The underlying question is whether proteins in latex may cause skin sensitization. Until then,
the assumption had been that the hydrophobic barrier of the skin and the size of the proteins
mean that proteins cannot cause skin sensitization.

The study was conducted in Balb/c mice, which were shaved on their back. OVA was applied
with a patch that remained for a week at a time and was renewed after 4 days. This procedure
was repeated 2x at an interval of 2 weeks or 5x. The patch was kept in place with a bandage.
The doses were 10,000, 100, or 10 pg/cm? in the 2x trial. Specific IgE was detected in the
blood as well as T cell and cytokine production after stimulation of cells from the regional
lymph node, which showed that this is a type | allergy. The IgE level was the same in the three
dose groups. In the 5x trial, the animals were dosed with 10,000, 100, or 1 ug/cm?. The ani-
mals dosed with 10,000 and 100 pg/cm? formed specific IgE. 1 in 6 animals dosed with 1
pg/cm? developed a low, but measurable IgE response. There is no statistical analyses of the
results, but the response in the low group is most likely not statistically significant. The authors
conclude that the duration of the exposure period is of significance to which dose causes sen-
sitization. They demonstrate that there is lymphocyte infiltration in the skin after exposure,
which is in conformity with current knowledge that long-term exposure with occlusion induces
atopic dermatitis -like changes in the skin (lwamoto et al 2019).
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The result of this study is that OVA may induce a specific IgE response in animals with a con-
dition of the skin similar to atopic dermatitis. The dose 10 ug/cm? gives a clear positive re-
sponse after dosage for 2 weeks. The dose of 1 ug/cm? is on the edge of sensitizing after dos-
age for 5 weeks. Based on this study, it is therefore not possible to determine a No Expected
Sensitizing Induction Level (NESIL). The lowest effect level (LOAEL) is between 1 and 10
pg/cm?.

6.4.2.2 Whey protein concentrate (VPC) and hydrolysates of VPC

Iwamoto et al (2019) have examined the sensitizing effect of whey protein and two whey pro-
tein hydrolysates. The study was conducted in Balb/c mice on dairy-free feed, 8 animals per
group, which were shaved on their backs and tape stripped six times. The substances were
applied to two 1 cm? large patches kept in place with tape that remained on for one week at a
time with an interval of 2 weeks either 2x or 3x. The dose was 3 ug in total, 1.5 pg/cm?. The
results of the main trial with 2x dosage were increased BLG-specific IgE in the blood, baso-
philic activation, cytokine production, and increased concentration of mast cell protease in the
blood and anaphylaxis after provocation. Histology after 3x dosage showed an increased num-
ber of eosinophils in the skin, and an analysis of the blood showed further increased BLG-spe-
cific IgE relative to the 2x dosage. All these changes were only seen in the group dosed with
whey protein concentrate and not in the groups with the 2 hydrolysates. The authors conclude
that the tape stripping used has damaged the skin’s outer layer—the stratum corneum—and
induced migration of Langerhans cells similar to that seen in atopic dermatitis.

The result of this trial is that whey protein concentrate (WPC) may induce a BLG-specific IgE
response in animals where the condition of the skin is similar to atopic dermatitis. The dose of
1.5 pg/cm? gives a clearly positive response after 2 weeks of dosage. BLG accounts for 33 per
cent of the WPC used, and the dose has therefore been 0.5 ug BLG/cm?. As it cannot be de-
rived from the trial whether it is BLG alone that has triggered the response or whether the
other whey proteins contribute to the sensitization, the dose of 1.5 yg WPC/cm? is used in the
further analysis. Whey makes up 20 per cent of the protein fraction in milk (Maryniak et al
2022). If the exposure with WPC is to be converted to the corresponding exposure with milk
protein, it will be 5 x higher = 7.5 pg milk protein/cm?. This dose does not take into account any
sensitizing effect of casein, which constitutes 80 per cent of the proteins in milk. There is no
effect of dosing with the hydrolysates. We do not know the quantity of intact protein in the hy-
drolysates, but PHW1 contains 2 per cent protein with a molecular weight > 5000 Dalton and
PHW?2 4 per cent protein with a molecular weight > 5000 Dalton. Based on this information, it
is not possible to calculate the quantity of intact protein and thus a NESIL for intact protein.

It is therefore not possible to establish a NESIL on the basis of this study. LOAEL is 7.5 ug
milk protein/cm?Z.

6.4.2.3 Gluten and hydrolysates of gluten

Ballegaard et al (2019, 2021) have used Brown Norway (BN) rats naive to gluten to examine
sensitization with gluten and hydrolysates of gluten. The animals were shaved on their belly
and the skin was scraped lightly with sandpaper before the substance was applied and cov-
ered with a bandage for an hour to avoid that the animals were exposed to the substance
orally. After an hour, the dressing was removed, and the dosed piece of skin was washed. The
dosage is thus the dose absorbed into the skin over the course of an hour. This was repeated
3 days a week for 5 weeks. In Ballegaard et al. (2021), the animals were dosed with 5, 50, or
500 pg/cm?. After skin dosage, the animals were dosed with a stomach tube with gluten 2x
with an interval of 1 week.

Gluten: Specific serum IgE after 50 or 500 pg/cm?with dose response.

Enzyme hydrolyzed gluten: Specific serum IgE after 5, 50, or 500 pg/cm? with dose response.
5 in 8 animals dosed with 5 pg/cm? have low, but measurable, IgE.

Acid hydrolyzed gluten 1: Specific serum IgE after 50 or 500 pg/cm? with dose response.
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Acid hydrolyzed gluten 2: Specific serum IgE after 50 or 500 ug/cm?with dose response.
Acid hydrolyzed gluten 3: Specific serum IgE after 50 or 500 pg/cm? with dose response.

There is increased fluid loss over the skin right after scraping with sandpaper—as also seen in
atopic dermatitis —but no cell infiltration, i.e. no inflammatory changes (Larsen et al 2022).

Based on this study, NESIL for gluten and the three acid hydrolyzed glutens is 5 pg/cm?.
LOAEL for enzyme hydrolyzed gluten is 5 ug/cm?.

6.4.2.4 Summary animal studies

The three dose response studies have all been conducted in animals that are naive in relation
to the allergens being studied. Two of these have been performed with prolonged occlusion
that causes skin changes similar to atopic dermatitis. In the third study, the skin changes are
minor. In this study, the effective dosage period is one hour 3x per week for 5 weeks, followed
by stimulation of the immune system in the gastrointestinal tract.

Larsen et al (2022) have compared the influence of different skin conditions on sensitization in
the same model as Ballegaard (2019, 2021). The conclusion drawn in this study is that skin
scraped with sandpaper and skin with changes similar to irritative contact allergy (dosage with
SLS) or atopic dermatitis (dosage MC903) do not affect the degree of sensitization relative to
intact skin. 500 pg/cm? is dosed in this study. It is not to be known whether the conclusion
would be the same at lower doses.

Although the trials have been conducted differently and the substances are different, it seems
that LOAEL is of the same magnitude, i.e. less than 10 pg/cm?.

Gluten and the acid hydrolyzed glutens have a NESIL of 5 ug/cm? after postimmunization with
gluten.

Data that can be incorporated in the risk assessment are:

LOAEL for milk protein of 7,5 ug/cm? and no NESIL.

There are no data on almond protein. If we use data from OVA and whey in the risk assess-
ment of almond protein, we have a LOAEL of between 1 and 10 ug/cm? and no NESIL.

Data from the trials with gluten are not used for risk assessment of almond as gluten consists
of a group of proteins that are very large and have very special physicochemical properties
that do not resemble the proteins in almond.

6.5 Conclusion on analysis results for use in exposure
assessment

6.5.1 Milk

The MST-04 sample is a cream with hydrolysed milk protein. As the ELISA method has been
developed to test intact protein and the degree of hydrolysis is not known, the result cannot be
used to determine the quantity of milk protein.

Several of the products showed low recovery of the added spike protein (see TABLE 19). Itis
therefore difficult to generalize about the extent to which it has been possible to determine the
quantity of the milk protein present by means of the ELISA method used. It is therefore as-
sumed that the values found are minimum values. However, it should be noted that the results
from the recovery trial (Table 14) showed good recovery of milk protein in oil and cream.

The analysis results (TABLE 19) from three soaps (MST-19, MST-32, MST-33), three creams
(MST-25, MST-36, MST-37) and one shampoo (MST-29) are included in the risk assessment.
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6.5.2 Almond

There is a high to very high recovery of almond protein in all product types, which makes the
results credible in terms of the possibility of detecting almond protein and the measured con-
tent. All results except one are below the limit of detection (TABLE 20). There is a product
MST-06—a cream—uwith a measurable almond protein content, and this result is included in
the risk assessment.

6.5.3 Soy

The sample MST-08 is a cream with hydrolysed soy protein and MST-40 is a shampoo with
modified protein (hydrolysed and other chemical modification). As the ELISA method has been
developed to test intact protein and the degree of hydrolysis is not known, the result cannot be
used for a quantitative assessment.

There is high to very high recovery of soy protein in all other product types, which makes the
results credible in terms of the possibility of detecting soy protein and the measured content.
All samples are below the limit of quantification (2 ppm) and close to the limit of detection of
the method (0.2 ppm) (TABLE 21). All samples are therefore regarded as not containing
measurable quantities of soy protein and are therefore not included in the risk assessment.

6.6 Exposure based on analysis data

6.6.1 Exposure scenarios for the selected products:

Table 22 below shows an assessment of infants’ exposure to the products analysed which
contained a measurable concentration of food protein (see TABLE 19). As no measurable
quantities of soy protein could be detected in the selected products, a risk assessment has
only been performed for milk or almond content.

TABLE 22 Overview of products used in the risk assessment
Protein concentration

Product ID Category Contents

Hg/g (ppm)
MST-06 Cream (whole body) Almond: Oil (UM) 43.07
MST-19 Soap (shower gel) Milk: Protein (UM) 36.09
MST-25 Cream (whole body) Milk: Whole (UM) 10.07
MST-29 Shampoo Milk: Whole (UM) 3.91
MST-32 Soap (shower gel) Milk: Whole (UM) 250.54
MST-33 Soap (shower gel) Milk: Whole (UM) 101.66
MST-36 Cream (whole body) Milk: Whole (UM) 4.36
MST-37 Cream (whole body) Milk: Protein (F) 121.71

The above creams are all body lotions aimed at babies or people with dry skin/atopic dermati-

tis. It is assumed that it is most likely that the selected creams are used on the whole body, in-
cluding in the diaper area, where the skin is occluded and may be damaged (see SCCS’ Notes
of Guidance).

6.6.2 Exposure calculation method
The exposure assessment for the selected cosmetic products is based on the latest edition of
the SCCS’ Notes of Guidance from 2021 (SCCS/1628/21).

Exposure to food proteins through the skin is calculated as dose/area exposed skin.

The external dermal exposure is calculated per product using the following formula:
Edermal X = Cx X Qx X fret X
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Egermal X (Lg/day): Daily dermal exposure from product x

X: product

Cx (ng/g): The concentration of ingredient in product x
dx (g/day): Amount of product used per day

fret X: Retention factor for product x

For leave-on products such as cream, a retention factor of 1 is used. For rinse-off products
(shampoo and soap), a retention factor of 0.01 is used in accordance with to the SCCS’ Notes
of Guidance.

The daily dermal exposure is divided by the exposed skin area.

The exposure scenarios have been created for children who have not previously been ex-
posed orally to cow’s milk or almond, respectively, and where the dermal exposure thus con-
stitutes the first exposure. The intake of cow’s milk for Danish children is described in section 4
of the report and shows that 55 per cent of infants at 4 months of age are fully breastfed. Just
over half of the infants have therefore not yet been exposed to cow’s milk via their diet (infant
formula or foods) at 4 months of age. Therefore, all exposure scenarios have been calculated
for a child aged 4 months.

According to the dietary survey, tree nuts (including almonds) become part of the diet much
later. As can be seen from section 4.2.4 Figure 5, less than 10 per cent of infants aged 6-7
month ingest tree nuts. At 12 months of age, the proportion of tree nut eaters is >50%.

It is presumed that the group of infants who are at the highest risk of developing allergy to ei-
ther milk or almond are those who are exposed to the highest total dose of milk or al-
mond/area exposed skin, respectively. The estimated dose is dependent on the concentration
in the analysed products as well as on the quantities of cosmetic products used on the chil-
dren.

6.6.3 Data basis for infants’ exposure to the selected cosmetic
products.
An attempt has been made to estimate, using relevant guidance documents, the quantity of
the selected cosmetic products used on infants. According to SCCS’ Notes of Guidance, com-
prehensive exposure data on infants’ exposure to cosmetic products representative of the en-
tire European population are not available in the open literature. References to recent studies
(from 2015-2020) examining how large the quantities are that are used on infants, within spe-
cific cosmetic product categories are referenced in the SCCS’ Notes of Guidance in Table A.7.
There are, for example, original studies on French children (Ficheux et al. 2016 and 2019,
Gomez-Berrada et al. 2017a) as well as a meta-study on young children from countries in and
outside Europe (Gomez-Berrada et al. 2017b). In addition, there are a small number of studies
from the USA and Asia. For the majority of the studies, the young children cover an age group
range from 0-23/24 months, and it is therefore difficult or impossible to derive specific data for
infants.
It is assessed that the most representative values regarding the quantity and frequency of the
selected product categories shampoo, soap, and cream (for the whole body) used on young
children can be found in the study conducted by Gomez-Berrada et al. 2017a because this
study describes European conditions and because it is possible to derive used quantities of
the cosmetic products on young children. The study examined the exposure of young French
children to 7 frequently used cosmetic products aimed at young children under realistic condi-
tions. 78 young children participated in the study, which was conducted in 2010-2011. The
products were dispensed at the start of the trial and the families themselves reported the fre-
quency of use, while the quantity of the products was measured. Based on this study, it is pos-
sible to deduce how large quantities of the relevant product categories soap, shampoo, and
cream were used on the 50 per cent percentile of infants aged 0-5 months.
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Table 23: Quantities of cosmetics used for children aged 0-5 months*

Product Percentile quantity age: comment
Soap (shower gel, body) P50 459 0-5 months Per time
Shampoo P50 279 0-5 months Per time
Cream P50 1049 0-5 months Per time

*From Gomez-Berrada et al. 2017a

The 95th percentile (P95) of the children studied had their hair washed and were washed with
soap (shower gel) every day. Half (P50) had cream applied every day, while the 95th percen-
tile had cream applied twice a day. It is assumed in the exposure assessments that cream is
applied to the children twice daily because some of the products are meant for dry or red skin,
and 2 daily applications are recommended for children with atopic dermatitis (atopiskeksem-
forening.dk).

6.6.4 Exposure scenario for use of the selected products in the diaper
area.
The skin in the diaper area is particularly prone to becoming red and irritated. In connection
with the transition to solid food from the age of 6-12 months, the risk may be greater, and this
could be relevant in connection with dermal exposure to almond, but redness and irritation in
the diaper area also occur in younger children.
One of the products (MST-25) is meant for use on damaged skin/atopic dermatitis, and it must
be assumed as realistic that it may be used exclusively in the diaper area (see scenario 5).
The ECHA'’s consumer exposure guidance (ECHA Guidance, Chapter R.15) recommends the
digital consumer exposure program ConsExpo, developed by RIVM. Data used in the program
can be found in RIVM’s Cosmetics Fact Sheet (RIVM report 320104001/2006), among other
sources, and here a default value is given for the quantity of baby cream/ointment for use in
the diaper area of 0.27 g per application and a frequency of 2 applications per day. These val-
ues have been used in exposure scenario 4. There are no data in RIVM’s Cosmetics Fact
Sheet on the quantities of cream used on the whole body of young children.

Anatomical data for infants:

Full body area and head:

Default data from RIVM'’s general fact sheet (Biesebeek et al 2014) for an infant aged 3-6
months are used based on the size of a 4.5-month-old baby corresponding to a total body area
of 3,400 cm? and head (incl. neck) corresponding to 18.2 per cent of total body area (620 cm?)
(Biesebeek et al. 2014).

The diaper area:

RIVM’s general fact sheet (Biesebeek et al 2014) states a default value of 190 cm? for the dia-
per area of a 4.5-month-old baby.

Exposure scenario 1:

Cream containing Almond (4.5-month-old baby):

Body lotion with almond oil containing 43.07 ug almond protein/g

1 g of cream with 43.07 pg/g almond protein with a retention factor of 1 is applied twice daily to
the whole body corresponding to 3400 cm?. (1g x43.07 ug/g x1 RF x 2)/3400 cm?.

This gives a dose of 0.025 pg/cm?.

Exposure scenario 2:

Soap + cream with the highest measured concentrations of milk (4.5-month-old baby):
A worst-case scenario for the whole body has been calculated for a 4.5-month-old baby who
has soap with the highest concentration of milk protein (250.54 pg/g) applied all over the body
followed by cream with the highest measured concentration of milk protein (121.71 ug/g) all
over the body.
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Soap: (4.5 g x 250.54 ug/g x0.01 RFx1)/3400 cm?= 0.003 pg/cm?

Cream: (1 g x 121.71 pg/g x1 RFx2)/3400 cm? = 0.072 pg/cm?

Total exposure: 0.003 pg/cm?+ 0.07 pyg/cm?= 0.075 ug/cm?,

Exposure scenario 3:

Shampoo with the highest measured concentration of milk.

The scenario has been calculated for a 4.5-month-old baby. As the skin on the scalp is not ex-
posed to either soap or cream, the calculated local exposure has not been added up with the
calculated whole-body exposure for exposure scenario 2. The exposed skin area is calculated
as half the skin area on the head (RIVM Cosmetics Fact Sheet). That is half of 620 cm?.
Shampoo: (2.7 g x 3.91 pg/g x0.01 RFx1) /310 cm?2= 0.0003 ug/cm?2

Exposure scenario 4:

Exposure exclusively in the diaper area

For this scenario, the product (MST-25) has been used, which is the most likely product to be
used solely in the diaper area. 0.27 g cream with 10.07 ug/g whole milk (UM) is used twice a
day in the diaper area corresponding to 190 cm?. This gives a dose of 0.029 ug /cmZ.

If a worst-case scenario is prepared for cream that is used solely in the diaper area and using
the cream with the highest concentration of milk protein (121.71 pg/cm?), the dose would be
0.346 ug /cm?.

6.7 Assessment of the sensitizing properties of cosmetic
products
Many chemical substances can be sensitizing in connection with skin exposure, and some of
these are used in cosmetics such as preservatives and fragrance substances. These are small
molecules (haptens) that are to bind to the skin’s proteins in order to be sensitizing. This re-
sults in a so-called type IV reaction, where the sensitization occurs in the regional lymph node.
Antibodies are not developed, but T cells, which are responsible for the subsequent allergic
reaction. Risk assessment of new chemicals typically uses data from an animal model—Local
Lymph Node Assay (LLNA) (OECD Guideline TG 429)—which has been developed to predict
the ability of a chemical to sensitize and its potency. The chemical (3 doses) is applied to the
ears of mice on day 0, 1, and 2, and radioactively labelled thymidine is injected on day 5. The
regional lymph node is removed, and the degree of proliferation in the lymph node, which is a
measure of sensitization, is measured using the incorporation of radioactively labelled thymi-
dine. The dose that results in proliferation that is 3x higher than the background is referred to
as LC3. The choice of LC3 as the dose used to assess potency is empirical, based on
knowledge of the potency of chemicals from human data. LLNA thus gives a picture of the po-
tency of the chemical, but the result cannot be translated into which dose will sensitize hu-
mans. The QRA2 method is an attempt to translate these data—based on short-term exposure
of a few mice—for use in assessing the risk from long-term human exposure from various
sources.
In 2017, SCCS published a scientific assessment of the QRA2 method (SCCS/1589/17). Their
conclusion was that it is not yet possible to use the QRA2 method to determine a NESIL for
contact allergy to fragrance substances, because several aspects of the method are not clear
and as the scientific rationale behind the method should be described better. According to
SCCS, the QRA2 method can, if revised, be used for safety assessment of perfume allergens,
and potentially also for other cosmetic ingredients.
One of SCCS’s points of criticism of the QRA2 method was that there was no rationale for the
size of the uncertainty factors used (in QRA2 called SAFs) for taking into account the duration
of exposure and variability in the population (intraspecies variation). The QRA2 method uses a
‘default value’ of 10 for intraspecies variation, which is also used in many other regulatory con-
texts, including in ECHA’s guidelines (Guidance on information requirements and chemical
safety assessment Chapter R.8: Characterisation of dose[concentration]-response for human
health). However, the data basis for QRA2 showed indications that the intraspecies variation in
people who developed contact allergy to fragrance substances was higher than 10.
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It is not possible to use the QRA2 method in the risk assessment of food proteins in cosmetics.
The same applies to being able to perform a classic risk assessment with determination of
DNEL.

No validated experimental methods have been developed for assessment of the ability of pro-
teins to sensitize via the skin. There are thus no comparable data that take into account the
condition of the skin, the duration of exposure, and dose.

6.8 Risk assessment of food proteins in cosmetic products for
children
As can be seen from the above, there is a risk of skin sensitization to food proteins among
children with atopic dermatitis, where oral tolerance has not been established. Based on data
from human studies or data from animal studies, it is not possible to determine which doses
(ug protein/cm?) have a sensitizing effect. The precautionary principle (EU 2000) therefore
warrants that food proteins or food protein-rich ingredients (e.g. milk powder) should not be
added to cosmetic products for children having an age where oral tolerance to the proteins
cannot be expected. Oral tolerance has been established when the children are introduced to
the foods, typically during the first two years of their life (see section 4).

Studies in animals support the importance of the protective effect of oral tolerance. They also
show that food proteins can sensitize over the skin in low doses, down to about 1 ug pro-
tein/cm?. As mentioned above, it is not possible to assess how low a dose will be sensitizing
for people without oral tolerance, who will typically be young children. The results from this re-
port have shown that it is possible to detect food proteins (milk, almond) in cosmetic products
marketed for children or where it is likely that the products will be used for children. Based on
the calculated exposure scenarios, it can be seen that the doses to which young children may
be exposed from the analysed products are in the magnitude of 0.0003-0.075 ug protein/cm?
for shampoo, and soap and cream used for the whole body. If we compare with the worst case
exposure in scenario 4 for cream used solely in the diaper area, the estimated dose of milk
protein is 0.346 pg /cm?, which is close to the dose that has a sensitizing effect in animal trials.

Qils extracted from foods contain varying quantities of protein depending on the extraction
method used. Qils for use in cosmetic products for young children should contain as little pro-
tein as possible. Highly refined oils have the lowest protein content. Highly refined soy oil con-
tains 0.062-0.265 ug soy protein/g (Rigby et al 2011). In comparison, highly refined peanut oil
(data from the same laboratory) contains 0.070 to 1.756 pg peanut protein/g (Blom et al 2017).
The project found 36 cosmetic products having peanut oil as ingredient. None of these were
aimed at children or specific skin types.

Not all proteins are equally effective at sensitizing over the skin. In a trial on mice, the mice
could be sensitized with protein from peanuts or cashew nuts, but not with protein from soy-
beans or peas (Tordesillas 2014). These studies indicate that the consequence of protein resi-
dues in oils will be different and depend on whether the oil originates from a food with potent
food allergens. In addition, it is also crucial whether the protein residues consist of allergens.

6.9 Conclusion and perspectives
The available knowledge does not make it possible to set limits on the quantity of food protein
that cannot sensitize young children.

Animal studies show that food proteins can sensitize in low doses. It has not been possible to
determine NESIL for the relevant foods. Even if it had been possible to determine NESIL, it
would not have been possible to translate this knowledge into risk to humans. There are no
data to support this.

Danish Environmental Protection Agency / Mapping and risk assessment of food proteins in cosmetic products 53



Oral tolerance or lack thereof is the most crucial parameter for sensitization with foods via the
skin. This knowledge is based on studies of sensitization of young children and is supported
by results from experimental studies in animals.

It is known that the condition of the skin and the duration of the dosage are of importance to
sensitization, but there is a lack of knowledge about the influence of these parameters on the
sensitizing dose. In addition, there is a lack of knowledge about the relationship between po-
tency and dose. For example, does it take 50x as much soy protein to sensitize via the skin
relative to protein from peanuts?

It is important that small children are not exposed to proteins on the skin in early life. The plant
oils used in cosmetic products should have as low a protein content as possible and be de-
rived from foods where the risk of developing allergy is the least. The project found a measura-
ble amount of almond protein in one of 23 products with almond oil. None of the ten products
with soy oil had a measurable amount of soy protein. This shows that it is possible to produce
cosmetic products with low residues of protein from food.

If food proteins are modified—as seen in acid hydrolysis of gluten—this may result in sensiti-
zation to the new epitopes, but also breach of an established oral tolerance to non-modified
epitopes. Whether this is a unique history that can only occur in connection with acid hydroly-
sis of gluten proteins is not known, but this knowledge should be taken into account in the as-
sessment of the risk of modification of food proteins used in cosmetics.

There is great focus on the development of alternative protein sources for human nutrition, so-
called novel foods. It should be considered, if these foods should be used in cosmetic prod-
ucts, before being introduced as food, as it is important that oral tolerance is established be-
fore the human population is exposed to new proteins via the skin.
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Appendix 1 Validation:
recovery trials

Appendix 1.1 Recovery trials: Milk ELISA assay
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FIGURE 7. Correlation between added spike concentration and measured concentration in
measurement of milk protein with ELISA. A slope of 1 indicates optimal correctness with good
correlation, whereas a value above or below 1 demonstrates an overestimation or underesti-
mation, respectively, in the analysis.
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Appendix 1.2 Recovery trials: Almond ELISA assay
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FIGURE 8. Correlation between added spike concentration and measured concentration in
measurement of almond protein with ELISA. A slope of 1 indicates optimal correctness with
good correlation, whereas a value above or below 1 demonstrates an overestimation or under-
estimation, respectively, in the analysis.
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Appendix 1.3 Recovery trials: Soy ELISA assay
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FIGURE 9. Correlation between added spike concentration and measured concentration in
measurement of soy protein with ELISA. A slope of 1 indicates optimal correctness with good
correlation, whereas a value above or below 1 demonstrates an overestimation or underesti-
mation, respectively, in the analysis.
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Mapping and risk assessment of food proteins in cosmetic products

It is popular to use food-based ingredients in cosmetic products. Howev-er, several
studies have indicated that food allergy may be developed through skin exposure to
foods.

Young children develop tolerance to foods when they are introduced to them, which
typically occurs during the first two years of their life. This tolerance protects against
sensitization via the skin. If you are exposed to a food via the skin before oral toler-
ance has been established, you risk developing food allergy. Children whose skin
barrier is not intact, as seen in atopic dermatitis (infantile eczema), is especially vul-
nerable.

The market was mapped, partly by use of the database behind the app "Kemiluppen”
from the Danish Consumer Council THINK Chemicals, and partly by searches in
webshops. The aim was to identify cosmetic prod-ucts with ingredients based on
foods that typically cause food allergy.

Based on the mapping, it was decided to focus on analysis of proteins from milk, al-
mond and soy. A number of products were purchased in Dan-ish stores and web-
shops, and in webshops in the rest of the EU and out-side the EU. The purchased
products were either aimed at children or at specific skin types.

Overall, it was found that the analysis method ELISA can be used to de-termine the
presence of milk protein, almond protein and soy protein in cosmetic products, when
the proteins is present in a sufficient quantity.

It was not possible to set limits on the quantity of food protein, under which young
children cannot be sensitized.
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