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ABSTRACT
INTRODUCTION: Fortification is the addition of nutrients to foods and has been used to address micronutrient deficiency concerns 
within populations. In Portugal, food fortification is voluntary. Studies that assess the impact of fortification on micronutrient intake 
and prevalence of inadequacy are still lacking. The first step required to carry out such an evaluation, is to have an insight into the 
supply of micronutrient-fortified foods. 
OBJECTIVES: Identify and characterize the national supply of micronutrient-fortified foods by analyzing the food labels' database, 
collected under the framework of the IAN-AF 2015-2016.
METHODOLOGY: The database used herein integrates information about the foods consumed by IAN-AF 2015-2016 participants, 
together with information obtained from the labelled foods reported as consumed. The study encompassed the analysis of 5704 labels 
belonging to 12 IAN-AF 2015-2016 food groups. Micronutrient-fortified foods were identified by the presence of any micronutrients 
allowed to be added to foods in accordance with Regulation (EC) No. 1170/2009. 
RESULTS: A total of 911 micronutrient-fortified foods were identified. The largest proportion of micronutrient-fortified foods was found 
in the Cereals, cereal products and starchy tubers (43%) food group, followed by Sweets, cakes and biscuits (15%), Dairy (14%), 
Non-alcoholic beverages (11%), Milk and milk products substitutes (10%) and Fats and oils (7%). The number of micronutrients added 
to the products ranged from 1 to 17, with 37% of food products added with one or two micronutrients and the remaining 63% with 
at least three. Vitamins B2 (49%), B6 (45%), B3 (44%), B9 (43%), D (42%), B1 (37%) and B12 (35%) and the minerals iron (45%) and 
calcium (36,7%) are the most common micronutrients used in fortified foods. 
CONCLUSIONS: Approximately 16% of foods reported as consumed by IAN-AF 2015-2016 participants are micronutrient-fortified 
foods. This study is important to investigate further the contribution of micronutrient-fortified foods to usual micronutrient intake by 
the Portuguese population or specific subgroups, its adequacy, and potential risks of excessive intake.
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RESUMO
INTRODUÇÃO: A fortificação é o processo de adição de nutrientes aos alimentos e tem vindo a ser utilizada para combater a deficiência 
em micronutrientes em populações. Em Portugal, a fortificação de alimentos é voluntária, não existindo estudos que avaliem o seu 
impacto quer na ingestão, quer nas prevalências de inadequação de micronutrientes. Para isso, é necessário conhecer-se a oferta 
de alimentos fortificados em micronutrientes. 
OBJETIVOS: Identificar e caracterizar a oferta nacional de alimentos fortificados em micronutrientes através da análise de uma base 
de dados de rótulos alimentares recolhidos no âmbito do IAN-AF 2015-2016.
METODOLOGIA: A base de dados utilizada integra informações sobre todos os alimentos que foram consumidos pelos participantes 
do IAN-AF 2015-2016, juntamente com informações obtidas através dos rótulos dos alimentos relatados como consumidos. Os 
alimentos fortificados em micronutrientes foram identificados pela presença de quaisquer micronutrientes que podem ser adicionados 
aos alimentos de acordo com o Regulamento (CE) n.º 1170/2009. O estudo compreendeu a análise de 5704 rótulos pertencentes 
a 12 grupos de alimentos do IAN-AF 2015-2016.
RESULTADOS: Foram identificados 911 alimentos fortificados em micronutrientes. A maior proporção de alimentos fortificados em 
micronutrientes foi encontrada no grupo Cereais, derivados e tubérculos (43%), seguido por Bolachas, bolos e doces (15%), Produtos 
lácteos (14%), Bebidas não alcoólicas (11%), Substitutos de leite e produtos lácteos (10%) e Óleos e gorduras (7%). O número de 
micronutrientes adicionados variou de 1 a 17, com 37% dos produtos fortificados com um ou dois micronutrientes e os restantes 
63% com, pelo menos, três. As vitaminas B2 (49%), B6 (45%), B3 (44%), B9 (43%), D (42%), B1 (37%) e B12 (35%) e os minerais 
ferro (45%) e cálcio (37%) são os micronutrientes mais usados para fortificar alimentos.
CONCLUSÕES: Aproximadamente 16% dos alimentos reportados como consumidos pelos participantes do IAN-AF 2015-2016 
são alimentos fortificados em micronutrientes. Este estudo é o primeiro passo para se investigar a contribuição do consumo de 
alimentos fortificados em micronutrientes para a ingestão habitual de micronutrientes pela população portuguesa ou subgrupos 
específicos, a sua adequação e os potenciais riscos de ingestão excessiva.
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INTRODUCTION
The human organism requires small quantities of vitamins and minerals 
for growth, brain development, immune function and several other 
important functions (1). Since the body cannot synthesize these 
nutrients, they must be obtained through the diet or other sources. 
An inadequate intake and/or absorption of micronutrients will entail 
serious consequences, including learning difficulties, impaired work 
capacity, illness and even death (2). 
Food fortification (FF) has long been employed as a strategy to address 
micronutrient deficiency concerns within populations (3). The concept 
of fortifying staple foods with micronutrients occurred at the beginning 
of the 20th century to tackle the deficiencies of vitamins and/or minerals 
in Europe and North America (4). The first fortified food developed to 
combat iodine deficiency and thus prevent goitre was iodized salt, 
which was introduced in Switzerland and Michigan in the 1920s (5). 
From the early 1940s onwards, the fortification of cereal products with 
iron (Fe), vitamins B1, B3 and B2 became common practice to reduce 
the incidence of anaemia, beriberi, pellagra and riboflavin deficiency, 
respectively. Since 1996, vitamin B9 has also been added to cereal 
products in the United States to prevent the development of neural 
tube defects during embryonic development. Canada and some Latin 
American countries adopted the same strategy (5-8). 
FF can assume many forms: mass fortification (MF), target fortification 
(TF) and market-driven fortification (MDF) (2, 6, 8). The latter occurs 
when, voluntarily, food manufacturers take a business-oriented 
approach, adding one or more specific nutrients within government-set 
regulatory quantities to some food products, increasing their commercial 
added value. While TF and MF programs focus on micronutrients that 
the general population may need, MDF may also be based on the most 
recognized micronutrient that appeals to the intended market, usually 
those with higher education and purchasing power (2, 8). 
In the European Union (EU), voluntary FF is regulated by Regulation 
(EC) No. 1925/2006, which has been regularly amended (9-19), to 
guarantee fair trade for the industry and protection against fraud and 
health promotion for the consumer. This Regulation recognizes that 
micronutrients are added to food for a variety of purposes; for example, 
to improve the nutritional status of the population, to restore losses 
during manufacturing and processing of foods or to provide a similar 
nutritional value to foods for which they are intended as alternatives 
(9-19). The addition of micronutrients must comply with the general 
conditions of the Regulation. The vitamin/mineral formulations to be 
added must be authorized, bioavailable and adapted to the conditions 
on maximum addition and where appropriate minimum amounts (20). 
To ensure that fortification is beneficial to health, the final food must 
contain a minimum amount of 15% of the Nutrient Reference Values 
per 100 g or 100 mL in the case of products other than beverages or 
7,5% per 100 mL in the case of beverages (9, 21). 
The Regulation of voluntary FF is harmonized in the EU, however, 
differences in fortification practices between countries remain, with 
countries harboring separate national policies on voluntary FF (22). E.g., 
to manage the insufficient vitamin D and iodine status in the Finnish 
population, the National Nutrition Council recommends fortifying liquid 
milk products (1 µg/100 mL) and fat spreads (20 µg/100g) with vitamin D3 
and the use of iodized salt (25 µg/g) in cooking and food industry (23, 24). 
In Portugal, FF is voluntary and until today, studies that assess the impact 
of FF on micronutrient intakes and status are still lacking. To carry out such 
an evaluation, it encompasses important to include micronutrient-fortified 
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foods (M-FF) supply on the national market as well as the consumption 
patterns of these food products by different population groups. In our 
best knowledge, there is no data on M-FF available in Portugal, which 
reinforces the importance of the present study. In addition, it is essential 
that the different specialists involved in public health nutrition are aware 
of the supply of M-FF available in Portugal. 

OBJECTIVES 
This work aims to assess the supply of M-FF in Portugal through the 
analysis of the food labels collected within the scope of the National Food, 
Nutrition and Physical Activity Survey of the Portuguese General Population, 
IAN-AF 2015-2016 (25). This analysis will enable the identification of which 
fortified foods are available on the national market, the understanding of 
which micronutrients are most used in food fortification, which food groups 
are most frequently fortified and the fortification profile of fortified foods. 

METHODOLOGY 
Food Labels' Database 
The identification and characterization of the supply of M-FF in Portugal 
were carried out based on a food label's database collected within 
the scope of the IAN-AF 2015-2016 (25). Among other dimensions, 
this National Survey investigated the dietary and nutritional intake of a 
representative sample of the Portuguese population, aged between three 
months to 84 years (n= 5811: 2793 men and 3018 women). For this 
purpose, two non-consecutive days of food diaries for children (<10 years 
old) and two nonconsecutive 24-hours recalls for the older age groups 
were used, with a time interval between 8 and 15 days, complemented 
with a Food Propensity Questionnaire. An electronic platform based 
on client-server architecture was used to manage the fieldwork and to 
assist the data collection. A detailed description of the survey design 
and methodology for the IAN-AF 2015-2016 is available elsewhere (25). 
During the data collection the participants were asked to describe the 
food consumed according to the standardized food classification and 
description system FoodEx2, including the characteristic ingredients (26). 
In addition, information on the commercial brands was also collected. If 
a food did not have a brand associated (e.g. fresh or homemade foods), 
or if the participant did not remember, the brand was classified as "Not 
applicable" or as "missing information", respectively. Then, a dataset 
was built that included the label information about the ingredients 
and the nutrient content (per 100 g) of each food-brand-characteristic 
ingredient combination.
The label information was collected from February to November 2018 
in two stages. First, an online search was conducted to obtain the 
ingredients and nutrient information for each food. Here, the products' 
official website was the priority source of information. However, if there 
was incomplete information on the product's official website, the label 
information was collected through food retail chains' websites. When 
specific food brands information wasn't available online, several retail 
stores from the north region of Portugal were visited to physically collect 
the required information from the product's labels.
All the information regarding the ingredients, including the respective 
percentages whenever available, and the information on allergens 
was collected. Each time a product's label presented composed 
ingredients (e.g. Fortified Wheat Flour (Wheat Flour, Calcium Carbonate, 
Iron, Thiamin)), all sub-ingredients were included and identified in the 
database. When the nutrient content was expressed per portion size 
only, that information was collected and then converted to 100 g. 
Finally, the databases were verified, corrections in spelling or typing 
errors were applied and the standardization of the terminology for some 
food ingredients was performed.
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The food labels' original database comprises 6510 labels relating to 
foods for which it was possible to obtain all the information in the food 
and nutrition labeling. However, for the purpose of the present study, 
some food labels had to be excluded as the foods were not eligible to 
be fortified with micronutrients. According to regulatory requirements the 
micronutrients cannot be added to alcoholic beverages and fresh foods 
and for that reason alcoholic beverages and some food subgroups (e.g., 
fresh vegetables, meat, fish, olive oil) were excluded from the analysis 
(9-19). Food intended for specialized nutrition, namely foods for infants 
and young children, foods for calorie-restricted diets, dietary foods for 
specific medicinal purposes, and food supplements, were also excluded 
since they are covered by entirely separate legislation (27-31). Therefore, 
food labels belonging to the IAN-AF 2015-2016 subgroups "infant 
formulas" and "infant cereals" fitting in the groups "Dairy" and "Cereals, 
cereal products and starchy tubers", respectively, were excluded from 
the identification and characterization of fortified foods, as well as the 
subgroups "meal replacements" and "food and nutritional supplements" 
(IAN-AF 2015-2016 food group "Supplements"). 
Only the labels of processed foods, namely food that underwent a 
series of mechanical or chemical operations to modify or preserve their 
original structure, were considered qualified to identify M-FF. Based on 
these exclusion criteria, 806 labels were removed from the database 
and the analysis of the supply of M-FF in Portugal was performed on 
5704 labels belonging to different food types within IAN-AF 2015-2016 
food groups: Fruit, vegetables and legumes (FV&L); Dairy; Cereals, 
cereal products and starchy tubers (CCP&T); Meat, fish and eggs 
(MF&E); Fats and oils (F&O); Sweets, cakes and biscuits (SC&B); 
Non-alcoholic beverages (NAB); Salty snacks and pizzas; Meat 
substitutes; Milk and milk products substitute (MPs) and Table Salt (TS). 

Identification of Micronutrient-fortified Foods 
M-FF were identified by the presence of any micronutrients (vitamins and/
or minerals) allowed to be added to food in accordance with Regulation 
(EC) No. 1170/2009 in the ingredient list and simultaneously in the 
nutritional declaration on the food label, to ensure that food products 
were effectively fortified, regardless of whether they may contain certain 
micronutrients naturally (11). The manufacturers are obligated to provide 
the overall content (naturally occurring and added) of the fortified nutrient 
in the food label. Since it is mandatory (Regulation (EC) No. 1169/2011) 
that the amount of salt present in the food shall be included in the 
nutritional declaration - regardless of whether it is intrinsic to the food 
or added –, sodium was excluded from the analysis (21). 
Statistical analyses were performed using Microsoft 365® - Excel®. For 
each IAN-AF 2015-2016 food group, the group determined the relative 
frequency of M-FF and the distribution of fortified foods. The number 
of foods fortified in each micronutrient individually considered and the 
prevalence of the different profiles of micronutrient fortification was 
analyzed. The distribution of micronutrient addition across the different 
IAN-AF 2015-2016 food groups was also assessed. 

RESULTS
Table 1 shows the level of completeness of the label information 
(including the number of missing values) collected across food groups 
and subgroups and the identification of M-FF within each IAN-AF 
2015-2016 food group. The missing information varies widely from 
0% in the "canned vegetables", "processed potato products" and 
"baking ingredients, gelatins" subgroups to a maximum of 90.6% in the 
"water" subgroup. A closer look at the groups traditionally more likely to 
undergo fortification (e.g., dairy, cereal products; milk substitutes, oils) 
shows that the missing information varies from 8% in the "margarines" 

subgroup to 42% in the "milk" subgroup. This demonstrates an 
adequate coverage of the label information to perform further analysis. 
Of the 5704 food labels analyzed, 911 (16%) fit the definition of M-FF 
as described above. The largest proportion of M-FF was found in the 
CCP&T group (43%), followed by SC&B, (15%), Dairy (14%), NAB 
(11%) and MPs (10%) and F&O (7%). A smaller proportion (≤ 1%) 
was found in the FV&L, MF&E and TS. No M-FF were found in "Salty 
Snacks and Pizzas", "Meat substitutes" and "Other foods" groups. 
Figure 1 shows the prevalence of the different profiles of micronutrient 
fortification observed in the 911 fortified foods and the prevalence of 
use of each micronutrient in fortified foods. All the vitamins that can 
be added to food matrices in compliance with Regulation (EC) No. 
1925/2006 and further amendments (9-19) were found in the identified 
M-FF. The B-complex vitamins (except vitamin B7) and vitamin D are 
the most frequently added to food products. Vitamin B2 is the most 
added vitamin (49%), followed by B6 (45%), B3 (44%), B9 (43%), D 
(42%), B1 (37%), B12 (35%) and B5 (35%). Vitamin C (29%) and the 
liposoluble vitamins A and E (both at 14%) are added to a less extent. 
Vitamins K and B7 were the least added and were found in a small 
number of food products (≤ 1%). Regarding minerals, Fe (45%), calcium 
(Ca; 37%) and, to a lesser extent, magnesium (Mg; 8%) are the most 
common minerals used in FF. A small number of M-FF (≤ 2%) with the 
addition of phosphorus (P), iodine (I), selenium (Se), copper (Cu) and 
potassium (K) was observed. Foods fortified with zinc, manganese, 
chromium, molybdenum, fluoride and boron were not found.
Approximately 37% (n=339) of the food products are fortified with one 
or two micronutrients. Of these, 70% (n=237) are fortified with one 
micronutrient. The number of foods fortified with three or four and with 
nine or ten micronutrients is similar – n=157 (17%). About 21% (n=187) 
of the food products are fortified with seven or eight micronutrients, 
while only 6% (n=56) are fortified with five 5 or six. Less than 2% (n=15) 
are fortified with ≥11 micronutrients, with one food product with a 
maximum of 17 micronutrients added. 
One hundred and thirty-seven micronutrient fortification profiles, single 
micronutrient addition or combinations of micronutrients, were found 
(Figure 1). Vitamin C is the most frequently single added micronutrient 
to different foods (n=108), followed by Ca (n=58), Mg (n=29), vitamin E 
(n=10), Fe (n=9), vitamins A (n=7), D (n=7), P (n=5), vitamins B1 (n=2) 
and B6 (n=1) and mineral K (n=1).  Vitamins B2, B3, B5, B7, B9, B12, 
K and minerals I, Se, Cu are always added in multiple combinations.
Single addition of vitamin C occurs mainly in fruit juices, nectars 
and soft drinks subgroups (n=47), sweet deserts subgroup (n=46) 
and in commercial fruit jars subgroup (n=10). Single addition of Ca 
is frequently observed in plain milk, cheese, yoghurt/fermented milk 
subgroups (n=42), cookies and biscuits subgroup (n=8) and MPs (n=5) 
food group. The single addition of Mg is mainly observed in the yoghurt/
fermented milks subgroup (n=27) (data not shown).  
As pointed out, most of the M-FF included in this sample are fortified 
with multiple micronutrients (between 3 and 17 micronutrients; n=572; 
63%) with specific combinations of vitamins and/or minerals added 
to the products. The most prevalent profile of multiple fortification 
comprise nine vitamins, B2, B6, B3, B9, D, B1, B12, B5 and C, and 
one mineral, Fe (10 micronutrients, n=56), followed by the fortification 
profiles with five vitamins, B2, B6, B3, B9 and B5, and two minerals, 
Fe and Ca (7 micronutrients, n=50); three vitamins, B2, D and B12, 
and one mineral, Ca (4 micronutrients, n=49); seven vitamins, B2, B6, 
B3, B9, D, B1 and B5, and two minerals, Fe and Ca (9 micronutrients; 
n=46); two vitamins, D and A (2 micronutrients; n=44); and seven 
vitamins, B2, B6, B3, B9, B1, B12 and B5, and one mineral, Fe (8 
micronutrients; n=40). 
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Missing labels by food subgroup/categories where fortified foods were or can be found and prevalence of micronutrient fortified foods within 
each IAN-AF 2015-2016 food group

Table 1

FOOD GROUPS FOOD SUBGROUPS/
CATEGORIES

REPORTED 
LABELS n

COLLECTED 
LABELS n MISSINGS (%) FORTIFIED FOODS n

(% TOTAL)
PREVALENCE OF 

FORTIFIED FOODS 
(%)

Fruits, vegetables and 
legumes

Canned vegetables 9 9 0 0 0

Nut butters 10 6 40 0 0

Fruit jars 22 19 13.6 10 52.6

Processed fruit 24 17 29.2 0 0

Total 51 10 (1.1%) 19.6

Dairy

Milk 210 121 42.4 10 8.3

Cream 31 29 6.5 1 3.4
Yoghurt and other fermented 
milks 1599 1198 25.1 74 6.2

Cheese 354 317 10.5 40 12.6

Total 1665 125 (13.7%) 7.5

Cereals, cereal products and 
starchy tubers

Pasta 75 55 26.7 0 0

Processed potato products 6 6 0 0 0

Bread and toasts 366 230 37.2 3 1.3

Flour, bread and similar pastries 60 49 18.3 3 6.1

Breakfast cereals and cereal bars 691 580 16.1 386 66.6

Total 920 392 (43.0%) 42.6

Meat, fish and eggs

Processed meat 309 230 25.6 0 0

Canned fish 67 52 22.4 0 0

Processed fish and seafood 33 27 18.2 2 7.4

Total 309 2 (0.2%) 0.6

Fats and oils 

Vegetable oils 39 33 15.4 0 0

Butter 53 39 26.4 7 17.9

Margarines 72 66 8.3 57 86.4

Total 138 64 (7.0%) 46.4

Sweets, cakes and biscuits

Table sugar 83 42 49.4 0 0

Syrups 4 1 75 0 0

Jellies, jams and candied fruits 94 76 19.1 1 1.3

Candy, gums and chewing gum 155 128 17.4 2 1.6

Chocolates and chocolate snacks 356 299 16 12 4.0

Ice cream 371 256 31 0 0

Sweet desserts 171 143 16.4 46 32.2

Cakes 215 141 34.4 7 5.0

Cookies and biscuits 656 547 16.6 64 11.7

Total 1633 132 (14.5%) 8.0

Non-alcoholic beverages

Water 127 12 90.6 1 8.3

Tea and Infusions 143 34 76.2 0 0

Coffee 349 113 67.6 0 0

100% Fruit Juices 69 51 26.1 7 13.7

Nectars 150 134 10.7 36 26.9

Soft Drinks 288 245 14.9 51 20.8

Other non-alcoholic beverages 15 13 13.3 1 7.7

Total 602 96 (10.5%) 15.9

Snacks and savory dishes
Potato chips and other snacks 84 78 7.1 0 0

Savory dishes 64 45 29.7

Total 123 0 0

Meat substitutes Meat substitutes 4 2 50 0 0

Milk, milk products 
substitutes Milk, milk products substitutes 124 111 10.5 89 (9.8%) 80.2

Table salt Table salt 77 25 67.5 1 (0.1%) 4

Other foods

Baking ingredients and gelatine 5 5 0

0 0

Flavourings and essences 4 1 75

Herbs and spices 76 13 82.9

Condiments 89 36 59.6

Sauces and Mayonnaise 51 42 17.6

Stock cubes and powder soups 33 28 15.2

Total 125 0 0

7887 5704 911

Total database labels

10190 6510
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Frequency of foods fortified with each micronutrient and micronutrient fortification profile found in the analyzed sample of fortified foods

Figure 1

B2 B6 Fe B3 B9 D Ca B1 B12 B5 C E A Mg P K I B7 Se Cu K+ PROFILE
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Frequency of foods fortified with each micronutrient and micronutrient fortification profile found in the analyzed sample of fortified foods (continuation)

Figure 1

B2 B6 Fe B3 B9 D Ca B1 B12 B5 C E A Mg P K I B7 Se Cu K+ PROFILE
FREQUENCY n

NUMBER OF 
MICRONUTRIENTS 

WITHIN EACH 
FORTIFICATION PROFILE

2 3
2 3
2 3
2 6
2 6
2 7
2 7
2 8
2 8
2 9
2 10
2 10
2 12
2 14
3 2
3 6
3 8
3 8
3 10
3 13
4 3
4 4
4 4
4 5
4 5
4 5
4 6
4 6
4 8
4 9
4 11
5 1
5 3
5 5
6 2
6 3
7 1
7 1
7 2
7 2
7 3
7 6
8 7
9 1
10 1
10 3
10 9
11 3
11 8
12 9
12 9
16 3
16 7
20 4
25 2
27 8
29 1
40 8
44 2
46 9
49 4
50 7
56 10
58 1

108 1
FREQUENCY OF MICRONUTRIENT USE IN M-FF n

443 412 411 401 392 380 334 337 319 317 266 125 124 75 18 9 8 5 4 3 2

B1, B2, B3, B5, B6, B7, B9, B12, C, A, D, E, K: Vitamins
Cu: Copper
Fe: Iron

I: Iodine
K+: Potassium
Mg: Magnesium

P: Phosphorus
Se: Selenium
M-FF: Micronutrient-fortified foods 

Each row represents the micronutrient fortification profile characterized by the number of micronutrients included in the profile and also the frequency of use in the fortified foods identified in 
the present study. Each column relates to a specific micronutrient, and the frequency of its addition to the sample of fortified foods analyzed is shown at the bottom of the figure.
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Graphic 1 refers to the distribution of micronutrient addition across the 
different IAN-AF 2015-2016 food groups, regardless of whether they 
are single added or added in combination. 
Vitamin C is used in fortifying foods belonging to the CCP&T, NAB, 
SC&B and FV&L groups. Generally, the B-complex vitamins are used 
to fortify foods from CCP&T, SC&B, NAB groups and, except for 
vitamins B3 and B7, Dairy. Additionally, vitamins B2 and B12 are used 
to fortify foods from the MPs group. Broadly, fat-soluble vitamins A, 
D, E and K are added to foods belonging to the Dairy group. Vitamin 
A fortification is more prevalent in foods from the F&O, NAB and MPs 
groups. Vitamin D is particularly used in fortifying foods belonging to 
the CCP&T, F&O and MPs groups. The addition of vitamin E is more 
prevalent in foods from the CCP&T, SC&B and NAB groups. Selenium 
and Cu are used to fortify only a small number of dairy products. Iodine 
fortification is present in a few foods from the CCP&T group and Dairy. 
Iron fortification is very common in foods that fit into CCP&T, SC&B, 
and dairy groups. Calcium fortification is more prevalent in foods from 
the CCP&T, MPs, Dairy and SC&B groups. Magnesium fortification 
is mainly present in foods from the SC&B and Dairy groups. Most of 
NAB are fortified with vitamins C, A and E. Foods belonging to the F&O 
group are mostly fortified with fat-soluble vitamins.
The fortification of foods from CCP&T, especially breakfast cereals 
and cereal bars, SC&B and MPs groups with multiple micronutrients 
is frequent, with several different combinations that involve the supply 
of B-complex vitamins, minerals such as Fe and Ca and fat-soluble 
vitamins. By way of example and given the fact that they occur 
frequently, the specific combinations of ten, seven, nine, and eight 
micronutrients that are repeated 56, 50, 46 and 40 times, respectively 
(Figure 1), are found in different products included in the "breakfast 
cereals" subgroup. In turn, the pattern of addition of four micronutrients 
that occurs 49 times is found in foods that are part of the MPs. The 
patterns of addiction of four (vitamins B1, E and minerals Fe, Mg) and 
seven micronutrients (vitamins B2, B6, B3, B1, B5 and minerals Ca, 

Fe) occur 20 and eight times, respectively, are found in commercial 
cookies and biscuits subgroup.
Regarding NAB, fortification with multiple nutrients is also frequent 
although most of the combinations involve only vitamins: from the 
most frequently added antioxidant combination (vitamins C, A and 
E; 16 times) to the least, yet more complex 9 vitamin combination 
(Vitamins A, B1, B12, B3, B5, B6, B9, C, E; 9 times). Only two food 
products simultaneously added vitamins (B-complex) and minerals 
(Ca and/or Mg).

DISCUSSION OF THE RESULTS
FF is a method of deliberately increasing the vitamin and/or mineral 
(or other essential nutrient) content of specific foods as a public health 
strategy and an effective way to ensure the nutritional quality of the food 
supply, to minimize micronutrient deficiencies (32,33). Nevertheless, it 
can also be at the basis of marketing strategies in product development 
(32). Knowledge of the current Portuguese trends in voluntary FF by the 
food industry is essential to further assess the impact of such practice 
on micronutrient intakes and the adequacy of intakes by consumers 
beyond commercial interests.
The analysis of a food labels' database collected under the framework 
of the IAN-AF 2015-2016 (25) to identify and characterize the supply of 
M-FF available on the Portuguese market revealed that 16% (911/5704) 
of the products analyzed were considered M-FF. It is important to 
highlight that there may be more M-FF on the market that have not been 
covered herein because either they were not identified as consumed or 
the food label was not collected. In the latter case, the main reasons 
for their non-existence were either the fact that reported brands were 
specific from a particular geographical region and were not available 
in the visited retail stores, or the time gap between report and label 
collection affected their availability, particularly special or seasonal 
editions. Also, between the collection of data and the present analysis 
there is a gap of five years. Since the fortified-food market is very 

Micronutrient fortification distribution by IAN-AF 2015-2016 food groups

Graphic 1
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dynamic, it is possible that, at the current time, there are other M-FF 
that are not covered in this work. 
The results showed that vitamins B2, B6, B7, B9, D, B1 and B12 
and minerals Fe and Ca were the most common micronutrients used 
to fortify foods and 63% of the food products delivered an array of 
vitamins and/or minerals. This qualitative fortification profile is similar 
to the many observed Europe-wide. Wagner et al. (2005) evaluated 
the situation of FF in Austria through observation of the number of 
fortified products by inspections of supermarkets and retail outlets 
(n=470) and found that vitamins C (73%), B6 (43%) and B3 (37%) and 
the minerals Ca (23%) and Fe (16%) were the most frequently added 
micronutrients to foodstuffs (34). Sicinska et al. (2013) identified 588 
food products fortified with vitamins in the Warsaw market (Poland) 
in 2012 (35). The number of vitamins added to food products ranged 
between one to twelve and vitamins C (58%), B6 (46%) and B12 
(45%) were the most frequently added, while vitamin B7, similarly to 
that encountered in the present work, was present only in a few food 
products (16%). In a later study, the same research team identified 301 
foods fortified with minerals, in which the addition of minerals ranged 
from one to seven, with Ca (71%), Fe (47%) and Mg (21%) being the 
most frequently added (36). 
Like other studies, the presence of M-FF is more marked in some food 
subgroups, namely, breakfast cereals and cereal bars, commercial 
sweets, including cookies and biscuits, dairy products, juice and soft 
drinks and milk product substitutes (35-39). 
Ready-to-eat cereals and dairy products have a long history of 
fortification given their versatility, availability on the market, affordability, 
widespread acceptance and consumption around the world (3). They 
are suitable classical carriers for Fe, B-complex vitamins and Ca 
and vitamins D and A (3,30,31). This work shows that ready-to-eat 
cereals are mainly fortified with B-complex vitamins (B1, B2, B3, B5, 
B9 and B12), Fe and Ca. Fortified dairy products are carriers of several 
micronutrients, in particular Ca, Mg, Fe, P, vitamins D, A, E and also B6. 
The SC&B group encompasses various subgroups that include 
different types of foods. In this study, the subgroups with the greatest 
representation of M-FF are “cookies and biscuits” and “sweet 
desserts”. Forty-six gelatin products, belonging to commercial 
sweet deserts subgroup are mainly fortified with vitamin C. This can 
be explained by the fact that vitamin C has a multifunctional role, 
enriching the products from a nutritional point of view and contributing 
to the extension of products' shelf-life, due to its antioxidant capacity 
(42). The commercial cookies and biscuits are fortified with several 
micronutrients, standing out B-complex vitamins, Fe and Ca. One of 
the main ingredients used in the production of commercial cookies and 
biscuits is cereal flour, particularly wheat flour. Similarly, to ready-to-eat 
cereals, it is frequently fortified with B-complex vitamins, Fe and Ca, to 
restore the levels of these micronutrients lost during cereal processing 
operations. Operations such as dehulling, milling and refining may alter 
the nutritional composition of subsequent products (43, 44). Milling 
grains, for example, results in major losses of vitamins B1, B2, B5, B6, 
B7, B9 (around 70-80%) and Ca, Fe and Mg (45). In most European 
countries, the fortification of cereal flour with micronutrients, despite 
being a current practice, is voluntary (46), except in the United Kingdom 
where it is mandatory to fortify wheat flour with vitamins B1, B3, and 
minerals Ca and Fe (47). 
NAB, particularly fruit juices and soft drinks also have a long history of 
micronutrient addition. Beverages can be fortified with micronutrients 
for several reasons namely, to restore the vitamins lost during 
processing or to replace or enhance the vitamin and mineral content 
to improve their nutritional contribution to the diet. While the restoration 

of vitamins in fruit juices has been carried out for many years, the 
fortification of carbonated and still soft drinks is more recent (42). 
Vitamin C fortification has been the most common practice but there 
are products also containing B-complex vitamins, Ca and vitamin D 
(32). Our results show that vitamin C is added to almost every product 
from the NAB group, single or combined with vitamins with antioxidant 
capacity (vitamins A, E) or/and from the B-complex. The preference 
for vitamins rather than minerals may be justified by the fact that the 
addition of minerals to beverage formulations can lead to chemical 
reactions that may affect the sensory acceptability (color, flavor, texture) 
and shelf-life stability of the final products (42). 
Due to ethical, health and sustainability concerns consumers are 
increasingly interested in reducing their consumption of animal-based 
food products, so the food industry is creating new alternative products 
from plant-based ingredients that simulate many physicochemical and 
sensory attributes associated with analogous animal-derived foods. 
In this sense, plant-based dairy substitutes have become increasingly 
popular over the past few years and numerous commercial products 
are already available (48,49). Given that they are meant to replace the 
consumption of dairy products, they must provide similar essential 
nutrients to be nutritionally equivalent, namely minerals (such as Ca), 
and vitamins (such as vitamins A, D, and B12) (50). Our results are 
in line with this. 
Although MDF can contribute to a wide variety of food sources of 
micronutrients thus helping consumers meet their daily requirements, 
this practice raises concerns not only regarding the promotion of 
healthy eating but also about possible risks associated with excessive 
micronutrients intake (51). There is a risk that food manufacturers could 
market fortified, but otherwise relatively unhealthy foods (52). Regulation 
(EC) No. 1925/2006 and its amendments (9-19), refers that vitamins 
and minerals cannot be added to unprocessed food such as fruits, 
vegetables, meat and fish and to alcoholic beverages however it does 
not mention which type of processed foods may be fortified, allowing 
food manufacturers the opportunity to decide which foods are best 
suitable for fortification with micronutrients regardless of their healthy/
unhealthy nutritional profiles. Indeed, this study shows that two of the 
IAN-AF 2015-2016 food subgroups not represented in the Portuguese 
Food Wheel Guide (53) - SC&B and NAB (except water) - are among 
those with the highest proportion of added micronutrients. According 
to IAN-AF 2015-2016, the prevalence of daily consumption of soft 
drinks and nectars in Portugal is 18%. After water, soft drinks are the 
second most consumed beverages (88 g/day), and the consumption 
of nectars corresponds to 20 g/day. The consumption of SC&B food 
group is nearly 70 g/day. The contribution of the SC&B and NAB 
food groups to the daily intake of added sugars is 59.2% and 15.4%, 
with the subgroup's sweets, soft drinks, cookies and biscuits and 
nectars contributing with 16.8%, 11.9%, 8.6% and 4.0%, respectively 
(54). In this context, fortification of this type of food products, usually 
accompanied by nutritional claims related to micronutrients, make 
the products more attractive to consumers, leading them to believe 
that they are beneficial to health (55, 56). However, this strategy may 
be misleading since these products tends to be rich in added sugar 
and/or fat and/or salt. Thus, it is imperative to invest in increasing 
the nutritional literacy of consumers, educating them to carefully read 
the food labels, emphasizing the list of ingredients and the nutritional 
declaration, providing them the knowledge that will empower them 
to make informed food choices. Furthermore, it is also important that 
Official Authorities exercise some control over voluntary FF, for example 
by imposing limits on the addition of essential nutrients to foods with 
an unbalanced nutritional profile. This issue is particularly important 
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in the case of fortified foods targeted at children and adolescents 
and may be comparable with Portuguese Law No. 30/2019 of April 
23, which restricts advertising aimed at children <16 years old of 
foodstuffs that contain high energy value, high salt, sugar, saturated 
fatty acids and processed fatty acids content (57). Currently, the 
European Commission is planning the introduction of nutrient profiles 
in product development (58). This strategy will most certainly have an 
impact on the use of nutrition claims (59) that would only be allowed 
for foods which fulfil predetermined content requirements regarding 
total fat, saturated fat, sugars, and salt contents. When this happens, 
it is plausible to assume that there may also be changes in voluntary 
FF practices. It should also be noted that currently the EU legislation 
does not specify any upper limits or maximum amounts for vitamins and 
minerals in fortified foods, which means that food business operators 
are responsible for ensuring that the amounts of micronutrients in their 
food products are safe. Inadequate intakes due to too low micronutrient 
intakes can have serious health consequences, however excessive 
intakes may also result in adverse health effects (60). In response to 
concerns about excessive intakes from the widespread use of dietary 
supplements and extensive voluntary FF, new EU regulation regarding 
maximum amounts of micronutrients in food supplements and fortified 
foods is currently being prepared to enter into force in 2024 (61). 

CONCLUSIONS
Through the analysis of the food labels collected under the IAN-AF 
2015-2016, it was possible to identify and characterize the supply and 
consumption of fortified foods in Portugal for the first time. A total of 
911 fortified foods were identified from a sample of 5704. B-complex 
vitamins (B1, B2, B3, B6, B9 and B12), vitamin D, Fe and Ca are the 
most common micronutrients used to fortify foods. Fortified foods fit 
mostly within specific product categories such as breakfast cereals and 
cereal bars, commercial sweets, cookies and biscuits, dairy products, 
juice and soft drinks and dairy substitutes. Oddly, such groups are 
not always coupled to balanced nutritional profiles, and fortification 
should not be used as a tool to mislead the consumer to increased 
consumption of less healthy food products.
This study is the first step to further investigating the contribution 
of fortified foods to usual micronutrient intakes by the Portuguese 
population or specific subgroups, its adequacy, and the potential risks 
of excessive intake. 
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