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Abstract: Branded food composition databases (BFCDs) are valuable information tools that meet
multiple user needs. Recently, recognising allergies and intolerances as an emerging concern for
various stakeholders, BFCDs evolve to embed information on allergens. This study aims to expand
the Greek BFCD, HelTH, to include allergen information for its 4002 products. A new file was
added to the structure of HelTH, and data were curated to record label information. In 68.4% of
products, at least one allergen was present in the ingredient list and in 38.9% at least one allergen in a
precautionary statement. Milk (38.8%), gluten (32.7%), and soybeans (17.4%) were most commonly
declared in the ingredient list; nuts (18.3%), eggs (13.1%), and milk (12.2%) were most commonly
declared in precautionary statements. Allergen-free claims were present in 5.3% of the products and
referred mostly on gluten and milk. In general, no statistically significant differences were identified
between the nutritional composition of allergen-free claimed products and their equivalents. This
study delivers an expanded BFCD that provides organised and detailed allergen information; new
insights on the presence of food allergens in branded foods and issues of concern regarding allergen
declaration that need to be addressed in order to improve label information.

Keywords: branded food database; allergen; ingredient list; precautionary statement; allergen-free
claims; HelTH; Greece

1. Introduction

Branded food composition databases (BFCDs) have been developed over the years to
provide data on the nutrient composition of branded foods, some also on other important
features they may carry, such as nutrition and health claims and quality indicators [1–7].
BFCDs are becoming a powerful and valuable information tool for research, new product
development, dietary advice, food and nutrition policy, and food business. Consumers
may also refer to BFCDs, mostly through digital diet applications that embed BFCDs, to
make informed choices that adapt their dietary intake [8]. It follows that BFCDs must
constantly expand and evolve their features to reflect market advances and satisfy a variety
of emerging needs of users.

Health concerns remain a trend in food product development [9]. This includes
not only lifestyle-related diseases (e.g., diabetes, obesity, and hypertension) [10,11], but
also allergies and intolerances [12–18]. In recent years, consumers are seeking out foods
and beverages that protect them against real or perceived allergens; thus, they search
the ingredient list and all relevant allergen information on the label to avoid unwanted
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ingredients [19,20]. In addition, gluten-free eating patterns have become a mainstream
phenomenon during recent years, with perceived healthiness being the fundamental rea-
son for this choice [21–23]. Moreover, consumer research shows that lactose-tolerant or
undiagnosed population groups actively search for lactose-free products that they link with
several potential health-related benefits [24,25].

Labels are clearly the means to inform on the presence or potential presence or ab-
sence of allergens, thus must be clear, specific, accurate, and understandable. Labelling
regulations have been developed by the international legislation bodies [14,26]. The Eu-
ropean legislation selects 14 food ingredients as food allergens and provides mandatory
general guidelines for the allergen labelling of packaged foods [27]. The 14 allergens are
cereals containing gluten (wheat, rye, barley, spelt, kamut, or their hybridized strains),
crustaceans, eggs, fish, peanuts, soybeans (including soya lecithin), milk (including lactose),
nuts (namely almonds, hazelnuts, walnuts, cashews, pecan nuts, Brazil nuts, pistachio
nuts, macadamia, or Queensland nuts), celery, mustard, sesame seeds, sulphites, lupin,
and molluscs, including products thereof. Allergens are declared on pack as part of the
ingredient list in a manner that distinguishes them from the rest of the ingredients, such
as a bold typeset, text highlights, or positioning the end of the ingredient list preceded by
a statement such as “contain” [12]. Moreover, precautionary labels warn on adventitious
presence of allergens (unintentional contamination by contact with other products during
processing, storage, or shipping) [28–30]. It follows that, despite efforts, allergen declaration
remains complicated [31,32] and the need to organise and document allergen information
on the presence of allergens emerges. The BFCDs have been recognised as appropriate
information tools to embed allergen data by various national organisations (e.g., OQALI,
USDA) or international initiatives (e.g., Stance4Health-S4H) [12,15,33,34]. Thus, in the
evolution strategy of BFCDs, the introduction of information on allergens is a reasonable
and appropriate decision.

In Greece, the Hellenic Food Thesaurus (HelTH) is the Greek BFCD; it presents data
on the nutritional composition of foods, any health and/or nutrition claims, other quality
indicators written on pack (environmental claims, origin, etc.), and graphical indicators
(logos) [5]. HelTH was launched in 2019 by the Agricultural University of Athens and
currently includes n = 4002 [3]. Recognising allergens as an emerging issue of interest for
users, the expansion of HelTH to provide information on allergens emerges as a priority.

This study aims to (i) expand the HelTH BFCD, (ii) record the overall presence of
allergens in the branded foodscape in Greece, (iii) record the presence of allergens in the
ingredient list and in a precautionary statement, and (iv) describe the presence of allergen-
free claims and compare the nutritional composition of products carrying allergen-free
claim to their corresponding counterparts.

2. Materials and Methods
2.1. Expanding the HelTH Structure

To register information on allergen presence, the structure of the BFCD HelTH was
expanded to include a new file, named “allergens’ file” (Figure 1). The file, tracked
information on any of the 14 allergens mentioned at the EU regulation [28]; these are
cereals containing gluten (wheat, rye, barley, spelt, kamut, or their hybridized strains),
crustaceans, eggs, fish, peanuts, soybeans (including soya lecithin), milk (including lactose),
nuts (namely almonds, hazelnuts, walnuts, cashews, pecan nuts, Brazil nuts, pistachio
nuts, macadamia or Queensland nuts), celery, mustard, sesame seeds, sulphites, lupin, and
molluscs, including products thereof.

In total, 42 new variables were introduced in the allergens’ file; namely, for each of the
14 allergens, (a) a variable “x allergen used as ingredient”, (b) a variable “x allergen used
in a precautionary statement”, and (c) a variable on the presence of a “free-from x” claim.
Summary variables were created to describe for each food (i) the total number of allergens
in the ingredients list, (ii) the total number of allergens in a precautionary statement, and
(iii) the total number of allergen-free claims.
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Figure 1. The new structure of the HelTH database. In the newly introduced allergen’s file,
“x allergen” refers to any of the 14 allergens mentioned at the EU regulation [28] (cereals con-
taining gluten (namely wheat, rye, barley, spelt, kamut, or their hybridized strains), crustaceans, eggs,
fish, peanuts, soybeans (including soya lecithin), milk (including lactose), nuts (namely almonds,
hazelnuts, walnuts, cashews, pecan nuts, Brazil nuts, pistachio nuts, macadamia or Queensland nuts),
celery, mustard, sesame seeds, sulphite, lupin, and molluscs, including products thereof). Adapted
from Katidi et al. [3].

2.2. Curating Allergen Data and Allergen-Related Claims in the Expanded HelTH Database

Labelling information on allergens was searched on the food labels of the HelTH
branded food products (n = 4002) from July 2021 to October 2021 and subsequently entered
into the expanded structure of the HelTH database according to the following proce-
dures/criteria:

(A) For recording the presence of allergens in a given food in the variable “allergens
used as ingredients”: an ingredient should be among the 14 allergens listed in the
European Regulation [28] named and highlighted in the ingredient list or at the end
of the list preceded by statement such as “contain”. Presence of milk allergens in the
“traditional yogurts” subcategory and in some cheeses was recorded regardless of
presence of ingredients list according to Regulation [35].

(B) For recording the potential presence of allergens in a given food in the variable “allergens
used in a precautionary statement”: an ingredient should be among the 14 allergens
listed in the European regulation [28] and mentioned on the label with a statement
such as “may contain traces of”, “manufactured in a facility that also processed”,
“may be present”. Adventitious presence and presence of traces were grouped.

(C) For recording “allergen-free” claims, all sides of the packaging were checked to
identify any on-pack communication, including logos [22], indicating the absence of
any of the 14 allergens listed in the European Regulation [28].

Allergen data entered at the HelTH database were double-checked for accuracy by
two independent researchers from October 2021 to March 2022.

2.3. Analysis of Prevalence of Allergens in the Greek Branded Foodscape

Every branded food product that mentioned at least one of the 14 allergens in the
ingredient list and/or in a precautionary statement was considered a product containing
allergens. An allergen declared both in the ingredient list and in a precautionary statement
was accounted as part of the ingredient list only.

In accordance with the regulation, some ingredients or substances derived from listed
allergens were not considered as allergens (for example wheat-based maltodextrins or fully
refined soybean oil and fat) [35].
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2.4. Comparison of the Nutritional Composition of Products Carrying Allergen-Free Claims to
Their Corresponding Counterparts

Energy and macronutrients of interest (protein, total fat, saturated fatty acids (SFA),
total sugars, and salt) were checked to find out similarities and differences between the
nutritional composition of products in a specific subcategory carrying allergen-free claims
and similar products in the same subcategory that do not. Comparisons were carried out
in food subcategories that included at least 5 products with an allergen-free claim and
5 without one. Due to their large diversity, the food subcategories “Spices or condiments”
and “Non-alcoholic beverages” were excluded from these analyses; these constitute of
products that are very different, e.g., spice cubes and ketchup in “Spices or condiments”
and cocoa powder and soft drinks in “Non-alcoholic beverages”. Thus, the results of the
nutritional comparison between very different products bearing allergen-free claims and
the ones that do not, could be incorrectly interpreted and/or misleading. Statistical analysis
was carried out using IBM SPSS Statistics® (version 23, Northridge, CA, USA). Nutritional
composition data were analyzed as continuous variables (content per 100 g or 100 mL of
product). Data were tested for normality using the Kolmogorov–Smirnov test. None of
the variables followed the normal distribution. Therefore, variables were expressed as
median (interquartile range). Differences were tested using the Mann–Whitney U non-
parametric test for 2 independent samples. Statistical significance was set at 0.01% to adjust
for multiple comparisons (Bonferroni correction).

3. Results
3.1. Introducing Allergen Data in the Expanded HelTH Database

In total, 3859 out of 4002 products in the HelTH BFCD declared on their labels infor-
mation related to allergens (presence or absence); these are presented in Table 1 per food
category and subcategory. In particular, out of the 4002 products that populate HelTH,
3915 products provided readable label data to allow for allergen screening. Of those,
56 food products (1.4%) did not comply with the legislation regarding the declaration of
the presence of allergens on the label and were excluded as low-quality data.

Table 1. Number of food products, per category and subcategory, in the HelTH database that
presented on their labels information related to allergens (presence or absence).

Food Categories Food Subcategories Number of Products

Milk, milk product, or milk substitute 690
Cream 40
Milk 172

Yogurts 170
Cheese 213

Milk imitation products 49
Frozen dairy desserts 46

Egg or egg product 35
Egg fresh or processed 35

Meat or meat product 136
Canned meat 80

Sausage or similar products 35
Meat dish 21

Seafood or seafood product 75
Seafood product 75

Fat or oil 81
Vegetable fat or oil 8

Margarine or mixed origin fat 39
Butter or animal fat 34
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Table 1. Cont.

Food Categories Food Subcategories Number of Products

Grain or grain product 1055
Cereal or cereal milling products 51

Rice or similar product 97
Pasta or similar product 201

Breakfast cereals 149
Bread or similar product 212

Fine bakery ware 259
Savoury cereal dish 86

Nuts, seeds, or kernel 128
Nuts 66

Seeds or Kernel 35
Nuts or seeds products 27

Vegetable or vegetable product 244
Vegetables (excluding potato) 172

Starchy root or potato 21
Pulse or pulse product 51

Fruit or fruit product 43
Processed fruit product 43

Sugar or sugar product 404
Sugar, honey, or syrup 46

Marmalade 83
Sugary products (no chocolate) 68

Chocolate 207
Beverages (non-milk) 448

Juice or nectar 165
Non-alcoholic beverage 283

Miscellaneous food products 442
Spices or condiments 282

Prepared food product 160
Meals 78

Ready-to-eat meal 38
Frozen, semi-ready meal 40

Number of food products 3859

The majority of the products either declared allergens in the ingredient list or as a
potential cross-contamination, which was recorded in a precautionary statement (Table 2).
Allergens were more commonly present in the ingredient list than in precautionary state-
ments; 68.4% (n = 2640) of the food products declared at least one allergen in the ingredient
list while 38.9% (n = 1501) had a precautionary statement for at least one allergen. Overall,
27.3% (n = 1052) of food products did not mention any allergen, neither in the ingredient
list nor in a precautionary statement.

Table 2. Prevalence of products with allergen declaration for each 1 of the 14 allergens.

Allergen Category
Allergen Declaration in the

Ingredient List
Allergen Declaration Only

in a Precautionary Statement
Absence of Any

Allergen Declaration

n (%) n (%) n (%)

Milk (including lactose) 1498 (38.8) 469 (12.2) 1892 (49.0)
Cereals including gluten 1260 (32.7) 352 (9.1) 2247 (58.2)

Soybean 673 (17.4) 423 (11.0) 2763 (71.6)
Eggs 304 (7.9) 507 (13.1) 3048 (79.0)
Nuts 251 (6.5) 706 (18.3) 2902 (75.2)
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Table 2. Cont.

Allergen Category
Allergen Declaration in the

Ingredient List
Allergen Declaration Only

in a Precautionary Statement
Absence of Any

Allergen Declaration

n (%) n (%) n (%)

Sesame 122 (3.2) 485 (12.6) 3252 (84.3)
Mustard 120 (3.1) 225 (5.8) 3514 (91.1)
Sulphite 105 (2.7) 98 (2.5) 3656 (94.7)

Fish 86 (2.2) 80 (2.1) 3693 (95.7)
Celery 85 (2.2) 244 (6.3) 3530 (91.5)

Peanuts 63 (1.6) 349 (9.1) 3447 (89.3)
Molluscs 10 (0.3) 16 (0.4) 3834 (99.4)

Crustaceans 5 (0.1) 17 (0.4) 3837 (99.4)
Lupin 4 (0.1) 48 (1.2) 3809 (98.7)

At least one allergen declared 2640 (68.4) 1501 (38.9)
No declaration of any allergen 1052 (27.3)

3.2. Allergens in the Ingredient List of the Food

Allergens most common in the ingredient list are presented per food subcategory
in Table 3. These were milk (39%), gluten (33%) and soybean (17%), molluscs (0.3%),
crustaceans (0.1%), and lupin (0.1%) are the least mentioned allergens.

Table 3. Prevalence of the most commonly declared allergens in the ingredient list among the
3859 products in HelTH per food subcategory.

Food Subcategories Top 7 Allergens Declared in the Ingredients List (n (%))

Milk Cereals Soybean Eggs Nuts Sesame Mustard

Cream 40 (100) 0 (0) 2 (5) 0 (0) 0 (0) 0 (0) 0 (0)
Milk 172 (100) 0 (0) 3 (2) 0 (0) 0 (0) 0 (0) 0 (0)

Yogurts 170 (100) 23 (14) 6 (4) 3 (2) 8 (5) 10 (6) 0 (0)
Cheese 213 (100) 3 (1) 0 (0) 1 (0) 0 (0) 0 (0) 0 (0)

Milk imitation products 2 (4) 2 (4) 19 (39) 0 (0) 17 (35) 0 (0) 0 (0)
Frozen dairy desserts 44 (96) 9 (20) 25 (54) 9 (20) 16 (35) 0 (0) 0 (0)

Eggs 0 (0) 0 (0) 0 (0) 35 (100) 0 (0) 0 (0) 0 (0)
Canned meat 33 (41) 4 (5) 22 (28) 0 (0) 0 (0) 0 (0) 8 (10)

Sausage or similar products 13 (37) 2 (6) 11 (31) 0 (0) 0 (0) 0 (0) 4 (11)
Meat dish 11 (52) 17 (81) 8 (38) 4 (19) 0 (0) 0 (0) 2 (10)

Seafood products 1 (1) 8 (11) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1)
Vegetable fat or oil 3 (38) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Margarine or mixed origin fat 21 (54) 0 (0) 1 (3) 0 (0) 0 (0) 0 (0) 0 (0)
Butter or animal fat 34 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Cereal or cereal milling products 11 (22) 51 (100) 12 (24) 7 (14) 0 (0) 0 (0) 0 (0)
Rice or similar product 7 (7) 27 (28) 14 (14) 5 (5) 0 (0) 0 (0) 3 (3)
Pasta or similar product 30 (15) 194 (97) 1 (0) 29 (14) 0 (0) 0 (0) 0 (0)

Breakfast cereals 63 (42) 137 (92) 65 (44) 0 (0) 26 (17) 2 (2) 0 (0)
Bread or similar product 30 (14) 206 (97) 32 (15) 9 (4) 1 (0) 39 (18) 3 (1)

Fine bakery ware 182 (70) 257 (99) 154 (59) 80 (31) 39 (15) 6 (2) 0 (0)
Savoury cereal dish 82 (95) 86 (100) 21 (24) 31 (36) 0 (0) 4 (5) 2 (2)

Nuts 2 (3) 19 (29) 4 (6) 0 (0) 40 (61) 1 (2) 0 (0)
Seeds or Kernel 1 (3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Nuts or seeds products 1 (4) 0 (0) 6 (22) 0 (0) 2 (7) 21 (78) 0 (0)
Vegetables (excluding potato) 4 (2) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1)

Starchy root or potato 2 (10) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Pulse or pulse product 0 (0) 1 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Processed fruit product 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Sugar, honey, or syrup 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Marmalade 1 (1) 2 (2) 0 (0) 1 (1) 1 (1) 0 (0) 0 (0)
Sugary products (no chocolate) 1 (1) 0 (0) 2 (3) 3 (4) 14 (21) 38 (56) 0 (0)

Chocolate 159 (77) 49 (24) 182 (88) 1 (0) 75 (36) 1 (0) 0 (0)
Juice or nectar 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Non-alcoholic beverage 5 (2) 2 (1) 10 (4) 0 (0) 0 (0) 0 (0) 0 (0)
Spices or condiments 60 (21) 64 (23) 33 (12) 43 (15) 7 (2) 2 (1) 60 (21)

Prepared food product 75 (47) 55 (34) 21 (13) 26 (16) 1 (1) 5 (3) 24 (15)
Ready-to-eat meal 19 (50) 25 (66) 11 (29) 15 (39) 3 (8) 2 (5) 12 (32)

Frozen, semi-ready meal 6 (15) 16 (40) 8 (20) 2 (5) 1 (3) 1 (3) 0 (0)
Total 1498 (39) 1260 (33) 673 (17) 304 (8) 251 (7) 132 (3) 120 (3)
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Milk was present as an ingredient in 95% of “Savoury cereal dishes”, 77% of “Choco-
lates”, and 70% of the “Fine bakery wares” (dairy products and butter, were excluded from
this analysis). Cereals, including gluten, were found in 100% of “Savoury cereal dishes”,
99% of “Fine bakery wares”, 97% of pasta or similar product” and “Bread or similar prod-
uct” subcategories, 92% of “Breakfast cereals”, and 81% of the “Meat dishes”. Soybeans
were found in 88% of the “Chocolate” subcategory, 59% of the “Fine bakery wares”, and
54% of “Frozen dairy desserts”, while eggs were mainly declared at “Ready-to-eat meals”
(39%), “Savoury cereal dishes” (36%), and “Fine bakery wares” (31%).

From the less common allergens (Supplementary Table S1), fish, crustaceans, and
molluscs were mainly found in the “Seafood or seafood product” category; similarly, lupin
was only found in “Grain or grain product”. On the contrary, sulphites, although declared
in only 2.7% of HelTH, were highly common in subcategories such as “Ready-to-eat meals”
(45%), “Processed fruits” (35%), and “Starchy roots or potatoes” (24%) (Supplementary
Table S1). Celery was found in ~20% of “Cereal or cereal milling product” and “Ready-to-
eat meals” and to a lesser degree (~10%) in “Canned meats”, “Meat dishes”, “Prepared
foods”, and “Spices or condiments”. As expected, nuts were declared predominantly in
the “Nuts” subcategory (61%), with similar findings for sesame declared in 78% of “Nuts”
and 56% in “Non-chocolate sugary products”. Mustard was mostly found in “Ready-to-eat
meals” (32%), “Spices and condiments” (21%), “Prepared foods” (15%), and “Sausages or
similar product”, “Canned meats”, and “Meat dishes” (~10% in each).

3.3. Allergens in a Precautionary Statement

Allergens most commonly declared in a precautionary statement are presented per
food subcategory in Table 4. These were nuts (18%), eggs (13%), and milk (12%), followed
by soybeans (11%), sesame (11%), cereals (9%), and peanuts (9%). Molluscs are the least
declared allergen in a precautionary statement.

Nuts appeared in a precautionary statement in 63% of the “Fine bakery wares”, 58% of
the “Chocolate” and the “Breakfast cereals” subcategories, 53% of “Canned meat”, 48% of
“Frozen dairy desserts”, and 46% of “Non-chocolate sugary products”. Eggs appeared in a
precautionary statement in 55% of the “Cereal or cereal milling products” subcategory, in
41% of the “Savoury cereal dishes”, and in 40% of the “Fine bakery wares”. Milk appeared
in a precautionary statement in 49% of the “Cereal or cereal-milling product”, 41% of the
“Bread or similar product” subcategories, and 38% of the “Meat dishes”.

In addition, the food subcategories with the highest use of a precautionary state-
ment (at least one allergen) were “Nuts” (94%), “Fine bakery wares” (91%), “Ready-to-eat
meals” (87%), “Savoury cereal dishes” (86%), “Chocolates” (83%), and “Meat dishes” (81%)
(Supplementary Table S2).

In the “Nuts” food subcategory, the allergens most used in a precautionary statement,
were sesame (65%), peanuts (61%), and cereals including gluten (58%). In the “Fine bakery
wares” food subcategory, the allergens most used in a precautionary statement were nuts
(63%) and eggs (40%). In “Ready-to-eat meals” were celery (63%), fish (37%), mustard
(29%), and soybeans (29%). In “Savoury cereal dishes” were sesame (71%), mustard (44%),
nuts (42%), and eggs (41%). In the “Chocolate” subcategory were nuts (58%), cereals (54%),
and peanuts (32%), and in the “Meat dishes”, mustard (43%) and milk (38%).

From the less common allergens declared in a precautionary label, lupin was only found
in the “Grain or grain products” category and “Prepared foods” subcategory with prevalences
≤8%. Crustaceans and molluscs were declared almost exclusively in “Ready-to-eat meals”
(13% and 26%, respectively). Fish was declared in a precautionary statement in “Ready-to-
eat meals” (37%) and “Prepared foods” (20%). Sulphites were declared as a precaution in
“Canned meats” and “Sausages or similar products” (34% and 29%, respectively) followed
by “Ready-to-eat meals” (16%), “Frozen semi-ready meals” (13%), “Nuts or seeds products”
(11%), and “Sugar, syrup, or honey” (9%). Finally, mustard and celery, although present in
the precautionary statement of ~6% of all foods, were listed in the 30–63% of foods in the
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“Meat and meat products” category, the “Ready-to-eat meals” subcategory, and even in the
“Savoury cereal dishes” subcategory (Supplementary Table S2).

Table 4. Prevalence of the most commonly declared allergens in a precautionary statement among
the 3859 products in HelTH per food subcategory.

Food Subcategories Top 7 Allergens Declared in the Ingredients List (n (%))

Milk Cereals Soybeans Eggs Nuts Sesame Peanuts

Cream 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Milk 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Yogurts 0 (0) 8 (5) 4 (2) 7 (4) 12 (7) 10 (6) 7 (4)
Cheese 0 (0) 2 (1) 3 (1) 6 (3) 0 (0) 0 (0) 0 (0)

Milk imitation products 0 (0) 0 (0) 1 (2) 0 (0) 6 (12) 0 (0) 0 (0)
Frozen dairy desserts 0 (0) 16 (35) 11 (24) 18 (39) 22 (48) 4 (9) 18 (39)

Eggs 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Canned meat 20 (25) 12 (15) 34 (43) 29 (36) 42 (53) 1 (1) 6 (8)

Sausage or similar products 8 (23) 4 (11) 7 (20) 13 (37) 11 (31) 0 (0) 4 (11)
Meat dish 8 (38) 2 (10) 0 (0) 3 (14) 3 (14) 0 (0) 0 (0)

Seafood products 1 (1) 1 (1) 1 (1) 1 (1) 0 (0) 0 (0) 0 (0)
Vegetable fat or oil 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Margarine or mixed origin fat 12 (31) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Butter or animal fat 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Cereal or cereal milling products 25 (25) 0 (0) 15 (29) 28 (55) 15 (29) 21 (41) 4 (8)
Rice or similar product 12 (12) 4 (4) 8 (8) 17 (18) 3 (3) 16 (16) 8 (8)
Pasta or similar product 12 (6) 0 (0) 73 (36) 47 (23) 1 (0) 4 (2) 1 (0)

Breakfast cereals 55 (37) 3 (2) 29 (19) 3 (2) 87 (58) 25 (17) 43 (29)
Bread or similar product 87 (41) 2 (1) 38 (18) 79 (37) 46 (22) 100 (47) 4 (2)

Fine bakery ware 46 (18) 0 (0) 56 (22) 104 (40) 163 (63) 131 (51) 65 (25)
Savoury cereal dish 3 (3) 0 (0) 24 (28) 35 (41) 36 (42) 61 (71) 1 (1)

Nuts 2 (3) 38 (58) 2 (3) 0 (0) 24 (36) 43 (65) 40 (61)
Seeds or Kernel 0 (0) 0 (0) 0 (0) 0 (0) 2 (6) 0 (0) 0 (0)

Nuts or seeds products 2 (2) 8 (30) 0 (0) 0 (0) 3 (11) 4 (15) 0 (0)
Vegetables (excluding potato) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 0 (0) 0 (0)

Starchy root or potato 8 (38) 6 (29) 0 (0) 3 (14) 0 (0) 0 (0) 0 (0)
Pulse or pulse product 0 (0) 1 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Processed fruit product 0 (0) 4 (9) 0 (0) 0 (0) 4 (9) 2 (5) 4 (9)
Sugar, honey, or syrup 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Marmalade 2 (2) 9 (11) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Sugary products (no chocolate) 2 (3) 1 (1) 1 (1) 2 (3) 31 (46) 4 (6) 32 (47)

Chocolate 48 (23) 112 (54) 3 (1) 26 (13) 121 (58) 12 (6) 67 (32)
Juice or nectar 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Non-alcoholic beverage 10 (4) 2 (1) 3 (1) 0 (0) 3 (1) 1 (0) 1 (0)
Spices or condiments 50 (18) 53 (19) 47 (17) 54 (19) 46 (16) 16 (6) 22 (8)

Prepared food product 46 (29) 56 (35) 51 (32) 20 (13) 18 (11) 15 (9) 16 (10)
Ready-to-eat meal 7 (18) 6 (16) 11 (29) 7 (18) 6 (16) 10 (26) 6 (16)

Frozen, semi-ready meal 3 (8) 1 (3) 0 (0) 5 (13) 0 (0) 5 (13) 0 (0)
Total 469 (12) 351 (9) 422 (11) 507 (13) 706 (18) 485 (13) 349 (9)

3.4. Allergen-Free Claims

The prevalence of the three most commonly used allergen-free claims is presented
per food subcategory in Table 5. Overall, 5.3% (n = 206) of the 3859 products analysed
carry an allergen-free claim. The following allergens were mentioned in allergen-free
claims: gluten, milk, soybeans, sesame, nuts, eggs, celery, and mustard. The most used
allergen-free claim was gluten-free (4.6%), followed by milk-free (1.6%), and soy-free (0.2%)
claims. The absence of other allergens was rarely communicated on-pack. Out of the
38 food subcategories, 23 (60.5%) had at least one allergen-free claim (Supplementary
Table S3). The “Milk imitation products” subcategory was the food subcategory with the
highest use of allergen-free claims (71% of the products), and the only food subcategory
in which all the allergen-free claims identified in the 3859 branded food products, were
present on its products. Specifically, 71% of the “Milk imitation products” bear a milk
(or milk products)-free claim, 47% bear a gluten-free claim, 10% bear a soy-free claim, 4%
a nuts-free claim, and 2% (n = 1) a sesame, eggs-, mustard-, and celery-free claim (this
product carries spontaneously all the eight allergen-free claims identified in the study).
One product also carrying a sesame-free claim was found at the “Prepared food products”
subcategory (0.6%), and another one carrying an eggs-free claim was found at “Breads or
similar products”.
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Table 5. Prevalence of the three most commonly used allergen-free claims per food subcategories
that include at least one allergen-free claim.

Food Subcategory Gluten
n (%)

Milk
n (%)

Soy
n (%)

At Least One Claim
n (%)

Cream 2 (5) 0 (0) 0 (0) 2 (5)
Milk 2 (1) 6 (3) 0 (0) 8 (5)

Yogurts 9 (5) 4 (2) 0 (0) 13 (8)
Cheese 5 (2) 2 (1) 0 (0) 7 (3)

Milk imitation products 23 (47) 35 (71) 5 (10) 35 (71)
Frozen dairy desserts 2 (4) 2 (4) 0 (0) 4 (9)

Canned meat 39 (49) 3 (4) 0 (0) 39 (49)
Sausage or similar

products 13 (37) 0 (0) 0 (0) 13 (37)

Seafood products 1 (1) 0 (0) 0 (0) 1 (1)
Butter or animal fat 0 (0) 1 (3) 0 (0) 1 (3)

Rice or similar product 1 (1) 0 (0) 0 (0) 1 (1)
Pasta or similar

product 5 (2) 0 (0) 0 (0) 5 (2)

Bread or similar
product 4 (2) 2 (1) 0 (0) 7 (3)

Bakery products 2 (1) 1 (0) 0 (0) 2 (1)
Nuts or seeds products 4 (15) 0 (0) 0 (0) 4 (15)
Starchy root or potato 4 (19) 0 (0) 0 (0) 4 (19)
Sugary products (no

chocolate) 8 (12) 0 (0) 0 (0) 8 (12)

Chocolate 17 (8) 1 (0) 0 (0) 18 (9)
Juice or nectar 4 (2) 4 (2) 0 (0) 4 (2)

Non-alcoholic beverage 6 (2) 0 (0) 0 (0) 6 (2)
Spices or condiments 8 (3) 0 (0) 0 (0) 8 (3)

Prepared food product 14 (9) 1 (1) 1 (0.6) 14 (9)
Frozen, semi-ready

meal 5 (13) 0 (0) 0 (0) 5 (13)

Total 178 (4.6) 62 (1.6) 6 (0.2) 206 (5.3)

The allergen-free claims, identified in subcategories with at least five products bearing
the claim and at least five similar products that do not, were “gluten-free” and “milk-free”.
Therefore, comparisons on the nutritional composition of products carrying the allergen-
free claim to similar ones that do not, could be carried out only for these two claims.

For the “gluten-free” claim, the food subcategories that meet the criteria and were
included in the analysis are the following: yogurt, imitation milk products, preserved
meat, sausage or similar meat, pasta or similar product, non-chocolate confectionary, and
ready-to-eat meals. For the “milk-free” claims, only the milk and imitation milk products
included at least five products with and five without a milk-free claim.

Figure 2 presents the comparison between products bearing a gluten-free claim and
their corresponding ones, per macronutrient and per food subcategory. In general, products
carrying a gluten-free claim do not differ from their corresponding ones. Statistically
significant differences can only be found in the preserved meat subcategory for energy and
total fat. In the preserved meat subcategory, products bearing a gluten-free claim seem to
have approximately half the energy content and less than a third of the fat content than
their corresponding ones.

Related to the milk-free claims, products bearing them do not present any statistically
significant differences neither in the milk subcategory, nor in the milk imitations one (data
not shown). However, when we compared products used as milk (the two subcategories
grouped together) with and without a milk-free claim (milk-free claims include the lactose-
free claims), then statistically significant differences were found. Specifically, products
carrying a milk-free claim have a lower content of protein, saturated fatty acids, and total



Nutrients 2022, 14, 3421 10 of 14

sugars compared to the corresponding products that do not carry this type of claim (data
not shown).
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Figure 2. Comparison of the nutritional composition of products carrying a gluten-free claim to the
corresponding ones that do not, in food subcategories with at least 5 products with and without a
gluten-free claim.

4. Discussion

The most important outcome of the present study is the detailed information and the
analyses on the prevalence of allergens in the ingredient list and/or in the precautionary
statements and of allergen-free claims in branded foods in the Greek market. Observations
on the prevalence of specific allergens in branded foods, the nutritional composition of
products bearing allergen-free claims, as well as issues of concern associated with allergen
declaration, enlighten the topic of allergens in the foodscape, which concerns an increasing
number of consumers. This is the first study that provides information on allergens in
foods in Greece.

Another important outcome is the expansion of the HelTH branded food database;
the revised structure and methodology developed for allergen data curation delivered
the expanded HelTH, which now embeds label information on the presence or absence
of allergens in all categories and subcategories of the database, in an accurate and organ-
ised manner.

In specifics, the prevalence of allergens in branded foods was rather high: 68%
(n = 2640) of the 3859 branded foods studied contained at least one allergen and 39%
(n = 1501) declared at least one allergen in a precautionary statement. These results agree
with those of a study conducted in France, in which the OQALI (the French Observatory of
Food Quality) found that 73% of the 17,309 branded foods studied contained at least one
allergen in their ingredient list while 39% had a precautionary statement for one or more
allergens [12]. In another study, conducted in Latin America, 63.3% of the 10,254 branded
foods studied declared at least one allergen while 33.2% declared allergens in a precaution-
ary statement [15]. In contrast, in a smaller study conducted in 2011 in supermarkets of
Melbourne, Australia 882 products (65%) of the 1355 branded food products observed, had
a precautionary statement for one or more allergens [30].
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The most common allergens in the ingredient lists were milk, gluten, and soybeans
(Table 2), particularly due to the use of soya lecithin in the food formulation (data not
shown). Similar results were observed in the OQALI study, the Latin America, and the
Australian study, all declaring milk, gluten, soybeans, and eggs in similar frequencies to
ours [12,15,30]. The most common allergens in a precautionary statement (Table 4) were
nuts, eggs, milk, soybeans, and sesame. Similar results were observed in the OQALI study,
where the most common allergens in precautionary statements were nuts, eggs, peanuts,
soybeans, and milk [12]. In the study reflecting the food markets in Latin America, the most
common food allergens declared at the precautionary statement were nuts, soybeans, and
milk [15], while in Australia, the most common allergens listed at precautionary statements
were nuts and peanuts, followed by sesame and eggs [30]. All studies mentioned above
show that an important percentage of the branded food products declare allergens in a
precautionary statement.

The frequency of products carrying allergen-free claims such as gluten-free, dairy-free,
etc., is rather low; 5.4%. In the claims, the wording of the allergen-free claim was variable;
“x allergen-free”, without “x allergen”, “free from x allergen” were most commonly used
while in the milk-free claims, “lactose-free”, “dairy-free”, “casein-free”, “milk derivatives’-
free” were also used. It should be mentioned that allergen-free claims and particularly,
gluten-free, and dairy-free claims, were sometimes found as logos on products’ packaging
(n = 74; 35.9%). Per allergen category, frequencies were between 0.03% (n = 1) for mustard
and celery and 4.6% (n = 178) for gluten. Overall, eight allergens were mentioned at
allergen-free claims (gluten, milk, soybeans, sesame, nuts, eggs, mustard, and celery). In
comparison, the OQALI study identified five allergens of allergen-free claims, namely
gluten, milk, peanuts, eggs, and soybeans in similar frequencies [12].

While recording the presence of allergens in the branded foods, issues regarding
allergen declaration were identified. One issue was the absence of a uniform manner
of presenting the declaration of allergens in the ingredient list or in the precautionary
statement. For example, no standard typeset is adopted; allergens in the ingredients list
may be declared in bold type letters or capital letters or both bold and capital letters and/or
in a coloured background; allergens in a precautionary statement could use phrases such
as “may contain traces of”, “may contain”, and “produced in a facility that processes . . . ”;
precautionary statements may not always appear after the ingredients list. Another issue
was that substances were declared as allergens in some products but not in others. Eleven
substances, namely lactase, lactic acid crops, glucose and/or fructose syrup, corn-starch,
monosodium glutamate, acid sulphite caramel, barm (wheat), wholemeal flour, black
sesame, soybean oil, and butter aroma were highlighted as allergens in some but not all
branded food products. In particular, nine dairy products highlight the microbial cultures
as allergens, one meat product highlights the monosodium glutamate as an allergen, three
meat products the dextrose, one meat product the corn starch, one mixture for sweets
highlights the antioxidant extract rich in soy tocopherols, one toast bread the black sesame,
two fat products the butter aroma, and one fat product the milk aroma. However, on these
issues, regulation (EU) No 1169/2011 [35], is specific (namely, glucose and fructose syrup
and black sesame, are not considered allergens), although sometimes complicated. For
example, soybean oil is not an allergen when fully refined; however, in an ingredient, list
the degree of refinement is rarely mentioned leading to some products highlighting soybean
oil as an allergen and others not, without an explicit explanation. Another issue specific
to imported branded foods was also identified. According to legislation, all imported
foods need to provide the ingredient list translated, which is often printed and pasted
on top of the packaging. In this study we observed that in stickers with ingredients’
translation, wrong ingredients were often highlighted as allergens. During the data entry
process, two meat products and one dairy product were identified as highlighting wrong
ingredients as allergens, while on the original ingredient list, allergens were correctly
highlighted. All these observed issues suggest that the consumer may be confused and/or
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not able to identify instantly the crucial information on the presence of allergens; thus, they
highlight gaps in the legislation or its adoption that need to be addressed in the future.

For some consumers, it may be relevant to know not just the presence of an allergen
but also the quantity of an allergen present. It must be noted that an on-pack allergen
declaration does not inform on the quantity of the allergens present in the food. In most
cases, quantities of allergens were not mentioned. In some food products, quantity infor-
mation is provided for some ingredients but not all; those in small quantities, allergens
included in most cases, are not mentioned. However, there is not a threshold or a standard
way that these cut-offs are chosen. Thus, it appears that there was no uniform way that
allergen quantities are presented in the ingredient lists. According to the Regulation (EU)
No 1169/2011 [35], the indication of the quantity of an ingredient or category of ingredients
used in the manufacture or preparation of a food shall be required where the ingredient
or category of ingredients concerned: (a) appears in the name of the food or is usually
associated with that name by the consumer; (b) is emphasised on the labelling in words,
pictures or graphics; or (c) is essential to characterise a food and to distinguish it from
products with which it might be confused because of its name or appearance. Thus, allergen
exposure cannot be calculated from information on food labels.

In this study, limitations may be identified. Data were collected from label information,
but label information may not be complete; undeclared allergens on food labels continue—
year over year—to be the leading cause of food recalls in the United States [36]. This could
lead to underreporting on the presence of allergens in branded foods. Limitations are also
linked to the regulation framework; as mentioned in Europe, the wording is not regulated,
threshold values concerning the smallest dose for an allergic reaction do not exist, and
there are no limit values to establish if the allergen must be mentioned in precautionary
labels [12,37]. This poses an extra burden in the curation and standardization of any
attempt to systematically map the presence of allergens based on food labels [15]. In this
study, labels were retrieved from retailers’ websites, which sometimes provide images of
the product packaging not updated [2] or of poor quality, e.g., not all surfaces or unclear
text [3]; however, as the results show, this problem, although identified, was very limited
(56 products only).

5. Conclusions

The HelTH branded food composition database was restricted and expanded to
include allergen data. This allowed for the first time to present information and analyses
on the presence of allergens and the nutritional composition of products bearing allergen-
free claims in 3859 branded food products in Greece. Approximately three quarters of
the food products analysed contain at least one allergen at their ingredient list and/or
in a precautionary statement. This indicates the difficulty in identifying suitable food
products for individuals living with allergies, a choice that is significantly restricted by the
frequent use of precautionary statements. Related to the nutritional composition of products
carrying allergen-free claims, in general, allergen-free claimed products are not nutritionally
superior compared to their counterparts. The inclusion of allergens data in the first BFCD
in Greece is an important milestone in the study of nutrition and health; this provides a
first overview on allergens and permits us to examine changes in labelling practices and the
uses of allergens as ingredients over time. It appears that additional strategies for allergen
and precautionary allergen labelling regulations should be implemented to minimize and
standardize the allergen declaration on branded food products and create a friendlier, to
food-allergic populations, food environment.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu14163421/s1, Table S1: Prevalence of the 14 allergens in the
ingredient list among the 3859 products in HelTH per food subcategory, Table S2: Prevalence of the
14 allergens in a precautionary statement among the 3859 products in HelTH per food subcategory,
Table S3: Prevalence of allergen-free claims per food subcategory.

https://www.mdpi.com/article/10.3390/nu14163421/s1
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Nutrients 2022, 14, 3421 13 of 14

Author Contributions: Conceptualization, A.K., M.K. and K.D.; methodology, A.K., A.V. and M.K.;
formal analysis, A.K. and S.X.; investigation, A.K.; resources, M.K.; data curation, A.K. and S.X.;
writing—original draft preparation, A.K.; writing—review and editing, A.V., B.B., D.M., O.S., J.Á.R.-H.,
K.D. and M.K.; visualization, A.K.; supervision, M.K.; project administration, A.K., B.B. and M.K. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was partially funded from the Special Account for Research Grants of the
National and Kapodistrian University of Athens and was also supported by the European Research
Commission (Research Executive Agency) under de research project Stance4Health under Grant
(Contract N◦ 816303).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: HelTH is available at https://www.eurofir.org/our-tools/foodexplorer/
(accessed on 14 August 2022).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Kretser, A.; Murphy, D.; Starke-Reed, P. A Partnership for Public Health: USDA Branded Food Products Database. J. Food Compos.

Anal. 2017, 64, 10–12. [CrossRef]
2. Menard, C.; Dumas, C.; Goglia, R.; Spiteri, M.; Gillot, N.; Combris, P.; Ireland, J.; Soler, L.G.; Volatier, J.L. OQALI: A French

Database on Processed Foods. J. Food Compos. Anal. 2011, 24, 744–749. [CrossRef]
3. Katidi, A.; Vlassopoulos, A.; Kapsokefalou, M. Development of the Hellenic Food Thesaurus (HelTH), a Branded Food Composi-

tion Database: Aims, Design and Preliminary Findings. Food Chem. 2021, 347, 129010. [CrossRef] [PubMed]
4. Seeuws, C. Belgian Branded Food Products Database: Inform Consumers on a Healthy Lifestyle in a Public-Private Partnership. J.

Food Compos. Anal. 2017, 64, 39–42. [CrossRef]
5. Katidi, A.; Pavlopoulou, A.; Vlassopoulos, A.; Kapsokefalou, M. The Nutritional Composition of Natural and Organic Branded

Food Products: A Cross-Sectional Analysis of the Greek Foodscape. Nutrients 2022, 14, 808. [CrossRef]
6. Ahmed, M.; Schermel, A.; Lee, J.; Weippert, M.; Franco-Arellano, B.; L’Abbé, M. Development of the Food Label Information

Program: A Comprehensive Canadian Branded Food Composition Database. Front. Nutr. 2022, 8, 825050. [CrossRef]
7. Carter, M.C.; Hancock, N.; Albar, S.A.; Brown, H.; Greenwood, D.C.; Hardie, L.J.; Frost, G.S.; Wark, P.A.; Cade, J.E. Development

of a New Branded UK Food Composition Database for an Online Dietary Assessment Tool. Nutrients 2016, 8, 480. [CrossRef]
8. Kapsokefalou, M.; Roe, M.; Turrini, A.; Costa, H.S.; Martinez-Victoria, E.; Marletta, L.; Berry, R.; Finglas, P. Food Composition at

Present: New Challenges. Nutrients 2019, 11, 1714. [CrossRef]
9. Grunert, K.G. Trends in Food Choice and Nutrition. EAAP Sci. Ser. 2012, 133, 23–30. [CrossRef]
10. Kearney, J. Food Consumption Trends and Drivers. Philos. Trans. R. Soc. B Biol. Sci. 2010, 365, 2793–2807. [CrossRef]
11. The Global Food Economy: The Battle for the Future of Farming—Anthony John Weis, Tony Weis—Google Books. Available

online: https://books.google.gr/books?hl=en&lr=&id=yxLblqMoBiEC&oi=fnd&pg=PA1&ots=5MXDi6vDtS&sig=wocFdo8
vYSigbkH_eT2fvyDITeU&redir_esc=y#v=onepage&q&f=false (accessed on 28 June 2022).

12. Battisti, C.; Chambefort, A.; Digaud, O.; Duplessis, B.; Perrin, C.; Volatier, J.L.; Gauvreau-Béziat, J.; Menard, C. Allergens Labeling
on French Processed Foods—An Oqali Study. Food Sci. Nutr. 2017, 5, 881–888. [CrossRef]

13. Food Allergies|FDA. Available online: https://www.fda.gov/food/food-labeling-nutrition/food-allergies (accessed on 28 June 2022).
14. Lyons, S.A.; Clausen, M.; Knulst, A.C.; Ballmer-Weber, B.K.; Fernandez-Rivas, M.; Barreales, L.; Bieli, C.; Dubakiene, R.;

Fernandez-Perez, C.; Jedrzejczak-Czechowicz, M.; et al. Prevalence of Food Sensitization and Food Allergy in Children Across
Europe. J. Allergy Clin. Immunol. Pract. 2020, 8, 2736–2746. [CrossRef]

15. Ontiveros, N.; Gallardo, J.A.L.; Arámburo-Gálvez, J.G.; Beltrán-Cárdenas, C.E.; Figueroa-Salcido, O.G.; Mora-Melgem, J.A.;
Granda-Restrepo, D.M.; Rodríguez-Bellegarrigue, C.I.; Vergara-Jiménez, M.d.J.; Cárdenas-Torres, F.I.; et al. Characteristics of
Allergen Labelling and Precautionary Allergen Labelling in Packaged Food Products Available in Latin America. Nutrients 2020,
12, 2698. [CrossRef]

16. Jiang, J.; Warren, C.M.; Gupta, R.S. Epidemiology and Racial/Ethnic Differences in Food Allergy. In Pediatric Food Allergy;
Springer: Berlin/Heidelberg, Germany, 2020; pp. 3–16. [CrossRef]

17. Koumpagioti, D.; Boutopoulou, B.; Moriki, D.; Priftis, K.N.; Douros, K. Does Adherence to the Mediterranean Diet Have a
Protective Effect against Asthma and Allergies in Children? A Systematic Review. Nutrients 2022, 14, 1618. [CrossRef]

18. Antonogeorgos, G.; Priftis, K.N.; Panagiotakos, D.B.; Ellwood, P.; García-Marcos, L.; Liakou, E.; Koutsokera, A.; Drakontaeidis, P.;
Moriki, D.; Thanasia, M.; et al. Exploring the Relation between Atopic Diseases and Lifestyle Patterns among Adolescents Living
in Greece: Evidence from the Greek Global Asthma Network (GAN) Cross-Sectional Study. Children 2021, 8, 932. [CrossRef]

19. Top 10 Functional Food Trends—IFT.Org. Available online: https://www.ift.org/news-and-publications/food-technology-
magazine/issues/2022/april/features/top-10-functional-food-trends (accessed on 1 July 2022).

https://www.eurofir.org/our-tools/foodexplorer/
http://doi.org/10.1016/j.jfca.2017.07.019
http://doi.org/10.1016/j.jfca.2010.09.001
http://doi.org/10.1016/j.foodchem.2021.129010
http://www.ncbi.nlm.nih.gov/pubmed/33503573
http://doi.org/10.1016/j.jfca.2017.07.008
http://doi.org/10.3390/nu14040808
http://doi.org/10.3389/fnut.2021.825050
http://doi.org/10.3390/nu8080480
http://doi.org/10.3390/nu11081714
http://doi.org/10.3920/978-90-8686-762-2_2/FIGURES/00023
http://doi.org/10.1098/rstb.2010.0149
https://books.google.gr/books?hl=en&lr=&id=yxLblqMoBiEC&oi=fnd&pg=PA1&ots=5MXDi6vDtS&sig=wocFdo8vYSigbkH_eT2fvyDITeU&redir_esc=y#v=onepage&q&f=false
https://books.google.gr/books?hl=en&lr=&id=yxLblqMoBiEC&oi=fnd&pg=PA1&ots=5MXDi6vDtS&sig=wocFdo8vYSigbkH_eT2fvyDITeU&redir_esc=y#v=onepage&q&f=false
http://doi.org/10.1002/fsn3.471
https://www.fda.gov/food/food-labeling-nutrition/food-allergies
http://doi.org/10.1016/j.jaip.2020.04.020
http://doi.org/10.3390/nu12092698
http://doi.org/10.1007/978-3-030-33292-1_1
http://doi.org/10.3390/nu14081618
http://doi.org/10.3390/children8100932
https://www.ift.org/news-and-publications/food-technology-magazine/issues/2022/april/features/top-10-functional-food-trends
https://www.ift.org/news-and-publications/food-technology-magazine/issues/2022/april/features/top-10-functional-food-trends


Nutrients 2022, 14, 3421 14 of 14

20. Asioli, D.; Aschemann-Witzel, J.; Caputo, V.; Vecchio, R.; Annunziata, A.; Næs, T.; Varela, P. Making Sense of the “Clean Label”
Trends: A Review of Consumer Food Choice Behavior and Discussion of Industry Implications. Food Res. Int. 2017, 99, 58–71.
[CrossRef]

21. Taetzsch, A.; Das, S.K.; Brown, C.; Krauss, A.; Silver, R.E.; Roberts, S.B. Are Gluten-Free Diets More Nutritious? An Evaluation of
Self-Selected and Recommended Gluten-Free and Gluten-Containing Dietary Patterns. Nutrients 2018, 10, 1881. [CrossRef]

22. Myhrstad, M.C.W.; Slydahl, M.; Hellmann, M.; Garnweidner-Holme, L.; Lundin, K.E.A.; Henriksen, C.; Telle-Hansen, V.H.
Nutritional Quality and Costs of Gluten-Free Products: A Case-Control Study of Food Products on the Norwegian Marked. Food
Nutr. Res. 2021, 65, 6121. [CrossRef]

23. Do Nascimento, A.B.; Fiates, G.M.R.; dos Anjos, A.; Teixeira, E. Availability, Cost and Nutritional Composition of Gluten-Free
Products. Br. Food J. 2014, 116, 1842–1852. [CrossRef]

24. Suri, S.; Kumar, V.; Prasad, R.; Tanwar, B.; Goyal, A.; Kaur, S.; Gat, Y.; Kumar, A.; Kaur, J.; Singh, D. Considerations for
Development of Lactose-Free Food. J. Nutr. Intermed. Metab. 2019, 15, 27–34. [CrossRef]

25. Rodríguez, M.M.; Samaniego-Vaesken, M.d.L.; Alonso-Aperte, E. A New Food Composition Database of Lactose-Free Products
Commercialized in Spain: Differences in Nutritional Composition as Compared to Traditional Products. Foods 2021, 10, 851.
[CrossRef]

26. EUR-Lex-32003L0089-EN-EUR-Lex. Available online: https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=uriserv:OJ.L_
.2003.308.01.0015.01.ENG (accessed on 23 May 2022).

27. Regulation (Eu) No 1169/2011 of the European Parliament and of the Council of 25 October 2011. Available online: https:
//eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R1169&from=IT (accessed on 23 May 2022).

28. Turner, P.J.; Skypala, I.J.; Fox, A.T. Advice Provided by Health Professionals Regarding Precautionary Allergen Labelling. Pediatr.
Allergy Immunol. 2014, 25, 290–292. [CrossRef]

29. Soon, J.M. Food Allergen Labelling: “May Contain” Evidence from Malaysia. Food Res. Int. 2018, 108, 455–464. [CrossRef]
30. Zurzolo, G.A.; Mathai, M.L.; Koplin, J.J.; Allen, K.J. Precautionary Allergen Labelling Following New Labelling Practice in

Australia. J. Paediatr. Child Health 2013, 49, E306–E310. [CrossRef]
31. Allen, K.J.; Taylor, S.L. The Consequences of Precautionary Allergen Labeling: Safe Haven or Unjustifiable Burden? J. Allergy Clin.

Immunol. Pract. 2018, 6, 400–407. [CrossRef]
32. Graham, F.; Caubet, J.C.; Eigenmann, P.A. Can My Child with IgE-Mediated Peanut Allergy Introduce Foods Labeled with “May

Contain Traces”? Pediatric Allergy Immunol. 2020, 31, 601–607. [CrossRef]
33. Hinojosa-Nogueira, D.; Pérez-Burillo, S.; Navajas-Porras, B.; Ortiz-Viso, B.; de la Cueva, S.P.; Lauria, F.; Fatouros, A.; Priftis,

K.N.; González-Vigil, V.; Rufián-Henares, J.Á. Development of an Unified Food Composition Database for the European Project
“Stance4Health”. Nutrients 2021, 13, 4260. [CrossRef]

34. USDA. Foods in Schools: GS1 GDSN®Resources for USDA Foods Vendors. 2022. Available online: https://www.fns.usda.gov/
usda-fis/usda-foods-schools-fact-sheet (accessed on 14 August 2022).

35. EUR-Lex-32011R1169-EN-EUR-Lex. Available online: https://eur-lex.europa.eu/legal-content/EL/ALL/?uri=CELEX:32011R1
169 (accessed on 25 May 2022).

36. FMI|2020: Undeclared Allergens Continue to Be the Leading Cause of U.S. Food Recalls. Available online: https://www.
fmi.org/blog/view/fmi-blog/2020/11/19/2020-undeclared-allergens-continue-to-be-the-leading-cause-of-u.s.-food-recalls
(accessed on 1 July 2022).

37. Étiquetage Des Denrées Alimentaires|Economie.Gouv.Fr. Available online: https://www.economie.gouv.fr/dgccrf/Publications/
Vie-pratique/Fiches-pratiques/Etiquetage-des-denrees-alimentaires (accessed on 28 June 2022).

http://doi.org/10.1016/j.foodres.2017.07.022
http://doi.org/10.3390/nu10121881
http://doi.org/10.29219/fnr.v65.6121
http://doi.org/10.1108/BFJ-05-2013-0131
http://doi.org/10.1016/j.jnim.2018.11.003
http://doi.org/10.3390/foods10040851
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=uriserv:OJ.L_.2003.308.01.0015.01.ENG
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=uriserv:OJ.L_.2003.308.01.0015.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R1169&from=IT
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R1169&from=IT
http://doi.org/10.1111/pai.12178
http://doi.org/10.1016/j.foodres.2018.03.068
http://doi.org/10.1111/jpc.12138
http://doi.org/10.1016/j.jaip.2017.12.025
http://doi.org/10.1111/pai.13244
http://doi.org/10.3390/nu13124206
https://www.fns.usda.gov/usda-fis/usda-foods-schools-fact-sheet
https://www.fns.usda.gov/usda-fis/usda-foods-schools-fact-sheet
https://eur-lex.europa.eu/legal-content/EL/ALL/?uri=CELEX:32011R1169
https://eur-lex.europa.eu/legal-content/EL/ALL/?uri=CELEX:32011R1169
https://www.fmi.org/blog/view/fmi-blog/2020/11/19/2020-undeclared-allergens-continue-to-be-the-leading-cause-of-u.s.-food-recalls
https://www.fmi.org/blog/view/fmi-blog/2020/11/19/2020-undeclared-allergens-continue-to-be-the-leading-cause-of-u.s.-food-recalls
https://www.economie.gouv.fr/dgccrf/Publications/Vie-pratique/Fiches-pratiques/Etiquetage-des-denrees-alimentaires
https://www.economie.gouv.fr/dgccrf/Publications/Vie-pratique/Fiches-pratiques/Etiquetage-des-denrees-alimentaires

	Introduction 
	Materials and Methods 
	Expanding the HelTH Structure 
	Curating Allergen Data and Allergen-Related Claims in the Expanded HelTH Database 
	Analysis of Prevalence of Allergens in the Greek Branded Foodscape 
	Comparison of the Nutritional Composition of Products Carrying Allergen-Free Claims to Their Corresponding Counterparts 

	Results 
	Introducing Allergen Data in the Expanded HelTH Database 
	Allergens in the Ingredient List of the Food 
	Allergens in a Precautionary Statement 
	Allergen-Free Claims 

	Discussion 
	Conclusions 
	References

