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ABSTRACT

Although fortified foods may reduce micronutrient deficiencies, they may contain nutrients negatively associated
to health. The aim of this work is to provide a comprehensive study of micronutrient fortified processed foods
available in Spain and to compare them with unfortified foods. For this purpose, 4313 items were analysed
belonging to 12 food types and 16.6 % of them were fortified with micronutrients. Fruit drinks and milk sub-
stitutes had the highest prevalence (42.9 % and 36.3 % respectively) and vitamin D and calcium were the
micronutrients most frequently added (8.3 % and 7.1 % respectively). Fortified foods used nutrition claims more
often than the unfortified version (78.2 % vs 43.6 %), most of them about micronutrients (74 % vs 3.9 %). Both
nutritional improvements and deteriorations in the nutrient composition were observed in fortified foods
compared to the unfortified version. Regarding the nutritional quality, 83.7 % of fortified and 80.8 % of un-
fortified foods were classified as "less healthy". Fortified foods presented less items high in total and saturated fat
(40 % and 49 % less), while more in free sugar, sodium and more had sweeteners (15 %, 22 % and 66 % more).
Therefore, this work shows that most fortified foods cannot be considered healthy and that they are not nutri-

tionally better than the unfortified version.

1. Introduction

Vitamins and minerals are nutrients needed by the body in very small
amounts and they are critical for healthy development, disease pre-
vention and wellbeing (WHO, n.d.; CDC, 2023). Given their vital role in
biological processes, deficiencies in micronutrients can cause severe and
even life-threatening conditions (WHO, n.d.). They can also induce "less
clinically notable reductions in energy level, mental clarity and overall
capacity" (WHO, n.d.). Micronutrient insufficiencies are not exclusive of
low-income countries. Variable deficiencies and suboptimal intakes
have been reported for several micronutrients in high-income countries,
including Spain (Gulyas et al., 2024; Han et al., 2022;0lza et al., 2017a;
Partearroyo et al., 2017). Of these, vitamin D is of particular concern in
Western countries (Amrein et al., 2020; Gulyas et al., 2024; Olza et al.,
2017a).

Food fortification with micronutrients may be useful to prevent these
deficiencies, following mandatory, voluntary or limited fortification
policies (Bird et al., 2022; Das et al., 2019; de Jong et al., 2022b;
Newman et al., 2019; Tarasuk & Brassard, 2021). A review published in
2019 analysed 127 studies, most of them conducted in children, and
concluded that multiple micronutrient fortification may reduce anaemia
and deficiency of several vitamins and minerals by 32-91 % (low-quality
evidence) (Das et al., 2019). The results of the NHANES 2009-2012
study in the USA showed that food fortification reduced the percentage
of the population with intakes below the estimated average requirement
for many vitamins and iron (Newman et al., 2019). A more recent study
conducted in Canada reported that consumers of voluntarily fortified
foods had median intakes 24-111 % higher than non-consumers on
several vitamins and zinc, which led to a lower prevalence of inadequacy
for some of the vitamins analysed (Tarasuk & Brassard, 2021). A 2022
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study in Netherlands showed that users of voluntary fortified foods "had
up to 64 % higher habitual micronutrient intakes, compared to non--
users" (de Jong et al., 2022b). Another in the UK, published in 2022,
showed that "about 3-13 % fewer consumers of fortified foods fell below
the estimated average recommendations for vitamins and minerals"
(Bird et al., 2022). However, other reports have shown little or no dif-
ference on micronutrient intake (Hombali et al., 2019; Pena-Rosas et al.,
2019).

The fortified food market is a profitable business globally, also in
Spain, and Asia, Europe and America are leading the market (Pistorio
et al., 2023). It grew at a Compound Annual Growth Rate (CAGR) of 2.5
% between 2018 and 2022 (Future Market Insights, 2024a). The market
is projected to grow at a CAGR of 6.2 — 10.2 % from 2023 to 2033, while
the vitamin segment is anticipated to grow even further (Precedence
Research, 2023; Future Market Insights, 2024a). The micronutrient
market is not exclusive to low- and middle-income countries. In fact, the
European food fortification market share was 31 % in 2022 and is
forecast to grow at a CAGR of 2.9 % between 2020 and 2025
(Precedence Research, 2023; Glanbia Nutritionals, 2022). B and C vi-
tamins are the most commonly added fortifying ingredient in new
product launches in Europe (Glanbia Nutritionals, 2022).

Studies reporting on the actual use of micronutrient fortified/
enriched foods in high-income countries are limited and depend heavily
on the country’s fortification policy. A recent study in Canada showed
that only 2.4 % of the population aged one year and older reported
consumption of voluntarily fortified foods (Tarasuk & Brassard, 2021).
However, the rate was as high as 75 % in Netherlands (de Jong et al.,
2022b). In Spain there is no mandatory fortification policy in force and
the only recent data on the intake of fortified foods is on milk, which
decreased from 2019 (10.77 L/person) to 2022 (8.39 L/person), with a
slight increase in 2023 (8.73 L/person) (MAPA, 2024).

What is the actual rate of micronutrient fortification in commercially
available foods? Several papers have been published so far in Ireland,
Slovenia, Portugal, Japan and Spain on this subject (Egan et al., 2019;
Krusic et al., 2022; Martins et al., 2022; Nishijima et al., 2023; Sama-
niego-Vaesken et al., 2016; Samaniego-Vaesken et al., 2017a). The Irish
and the Spanish publications studied food fortification only with folic
acid, while the one in Slovenia was limited to vitamin D (Egan et al.,
2019; Krusic et al. 2022; Samaniego-Vaesken et al., 2016; Samaniego--
Vaesken et al., 2017a). The works conducted in Portugal and Japan
analysed fortification with the full range of micronutrients (Martins
et al., 2022; Nishijima et al., 2023). The Japanish study analysed a small
sample of 907 foods classified in very heterogeneous food types
(Nishijima et al., 2023). The Portuguese study was limited to analysing
fortified foods consumed by participants in the National Survey (IAN-AF
2015-16), rather than those commercially available (Martins et al.,
2022). Therefore, the present work is the only one anywhere in the
world to carry out a comprehensive study of food fortification of large
samples of specific food types with the full range of micronutrients.

Consumer attitudes towards fortification are generally favourable
and may increase food acceptance (Chinnici et al., 2023; Clark et al.,
2019; Masson et al., 2016). It has been reported that nutritional prop-
erties is the second most important driver for the consumption of for-
tified foods (Chinnici et al., 2023). In addition, "I consider it beneficial to
eat fortified foods" and "regular intake of fortified foods can prevent
illnesses caused by unhealthy diets" were shown to be the main moti-
vations (Chinnici et al., 2023). Specifically for micronutrient fortified
foods or supplements, the main reasons reported were the maintenance
of health, supplementation of nutrients, prevention of diseases and
beauty benefits (Chiba et al., 2021; Chiba et al., 2022). A work in the US
with snacks concluded that vitamin fortification may result in a higher
probability of selecting the food for purchase and more likely to perceive
it as healthier (Verril et al., 2017). According to a systematic review,
yogurts with added calcium are one of the most valued dairy products,
particularly among female consumers (Bimbo et al., 2017). Another
publication reported that many Chinese consumers believed that the
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consumption of nutritionally fortified eggs is healthy (Tian et al., 2022).
Furthermore, consumers who pay close attention to the nutritional value
of foods may be likely to pay more for fortified foods (Castellini et al.,
2022; Reitano et al., 2024).

The impact of fortification on food choice may be reinforced by the
use of nutrition claims (NCs), which increase the perceived healthfulness
of these foods (lles et al., 2017). The use of NCs has been studied for
some decades and they generally raise the perceived nutritional quality
and healthiness of foods as well as influence purchasing behaviour
(Ballco & Gracia, 2022; Rramani et al., 2023). However, the presence of
NCs can affect food choices in a more complex and risky way, such as
reducing the probability of understanding information about food
composition (Senna et al., 2022). In fact, a work in US showed that snack
foods carrying nutrient claims for vitamin fortification affected some of
consumers’ decisions. They were less likely to look for information on
the nutrition facts label and were less likely to correctly choose the
healthiest products (Verril et al., 2017).

These evidence show that the market for micronutrient fortified
foods is on the rise and that consumers perceive them as healthy or
healthier than unfortified foods, particularly when they carry nutrition
claims. Are consumers’ perceptions right? Are micronutrient fortified
foods healthy or healthier than the unfortified version? These questions
are of paramount importance for public health and, to our knowledge,
no publication has ever produced an answer.

Therefore, the aim of this work was to carry out a comprehensive
study of the micronutrient fortification of large samples of specific food
types commercially available in Spain. In addition, the nutrient
composition and nutritional quality of these foods were analysed. A
comparison with unfortified foods was also carried out and the use of
nutrition claims to attract the attention of consumers was evaluated.

2. Material and methods
2.1. BADALI database of foods available in the Spanish market

There is no free database of foods commercially available in Spain for
research purposes. Therefore, the authors developed the Food Database,
BADALI at Miguel Herndndez University and made it available online in
November 2016 (BADALL n.d.; Ropero et al., 2017; Ropero et al., 2023).
Initially, BADALI was intended exclusively for educational purposes and
to help the general population choose the best foods for a healthy diet.
However, it later became a research project. The information in the
database has been updated over the years.

The data comes from manufacturers’ and supermarkets’ webpages
and most foods are processed (Ropero et al., 2023). The inclusion
criteria are: (1) foods sold in any Spanish supermarket; and (2) foods
with the nutrition declaration (Ropero et al., 2023). The information is
extracted, reviewed by the researchers, and inconsistent data is removed
from the database. Duplicates and foods with different pack sizes are
also removed. At present, >10,400 foods commercially available in
Spain are included in BADALI The nutrition declaration, some in-
gredients and an adapted version of the Chilean front-of-pack labelling
are available online for each food in the database (BADALI, n.d.; Min-
isterio de Salud, 2015). More information is collected for internal use as
the project progresses. For the present study, data was collected from
June 2022 to March 2024 and the presence of added vitamins or min-
erals and nutrition claims were recorded as described in Sections 2.2.
and 2.4.

2.2. Fortification with vitamins and minerals

Fortification was determined according to the ingredient declaration
available. Foods with no ingredient list were discarded. As previously
described, a product was classified as fortified with vitamins or minerals
when: (1) a chemical providing a vitamin or mineral was listed as an
ingredient, and (2) no indication of an additive function for this
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chemical was provided (Ropero et al., 2023). When the same compound
was source of two minerals, it was acknowledged that the product was
fortified with both. As an example, when potassium iodine was added, it
was listed as fortified with both potassium and iodine. The algae Lith-
othamnium calcareum was registered as a means of calcium fortification.
Fortification was not considered to be present when salt was included in
the ingredient declaration as "sodium chloride".

2.3. Nutrient composition analysis

The data on the nutrition declaration of each food available in the
manufacturers’ or supermarkets’ webpages was transferred to the
database and used to analyse the nutrient composition of foods. This
analysis was conducted as previously reported (Ropero et al., 2023).
Statistics were applied to determine significant differences in nutrient
composition between micronutrient fortified and unfortified foods (see
Section 2.6). However, only divergences of at least 30 % in median
values were considered nutritionally relevant as previously published
(Ropero et al., 2023). This criterion was based on the definitions of the
nutrition claims "reduced" and "increased" included in the European
Regulation 1924/2006 (European Parliament, 2006). To claim reduced
content in sodium/salt, 25 % decrease was required (European Parlia-
ment, 2006).

2.4. Evaluation of the nutritional quality of foods

The Nutrient Profile Model developed by the Pan American Health
Organization/World Health Organization and the Regional Office in
Iberoamerica (PAHO—NPM) was used to assess the nutritional quality of
foods as previously reported (PAHO, 2016; Beltra et al., 2020; Ropero
et al., 2023). The PAHO—NPM classifies foods as "high in" any of the
following critical nutrients: sodium, free sugar, total fat, saturated fat,
trans fat and the presence of any low- or no-calorie sweeteners (LNCS)
(PAHO, 2016). Foods were considered to be "high in" any critical
nutrient when their content exceeded the following thresholds: (1) >1
mg sodium/kcal; (2) >10 % of total energy from free sugars; (3) >30 %
of total energy from total fat; and (4) >10 % of total energy from
saturated fat (PAHO, 2016). In the present study, we applied these
criteria to each food and provided the number and percentage of items
exceeding any of the thresholds, as well as those having LNCS. The
criterion for trans-fat could not be applied because none of the products
provided the content.

The ingredient list was checked for low- or no-calorie sweeteners
(LNCS), i.e. foods were considered to contain LNCS if the word "sweet-
ener" was displayed next to the name of the LNCS (PAHO, 2016). The
PAHO—NPM does not discriminate between polyols (low-calorie) and
no-calorie sweeteners. Hence, they were both listed as sweeteners in this
work, except when polyols were acting as humectant, stabilizer or any
additive function other than sweeteners (as indicated in the ingredient
list) (PAHO, 2016). The PAHO—NPM was not intended to be applied to
foods without added fat, salt, sweeteners or free sugar. Therefore, they
were included in the study as not exceeding any of the thresholds.

Estimation of free sugar was carried out following Swan et al., 2018
and described in detail here: (1) all sugars present in milk/yogurt/dairy
dessert substitutes and fruit drinks were considered free, except for those
from milk added as an ingredient (Swan et al., 2018; WHO, 2015); (2)
cereal products (cereal bars, biscuits, breakfast cereals) without added
sugar have no free sugar; (3) 2 g sugar/100 g was subtracted from total
sugar in biscuits, cereal bars and breakfast cereals because this is the
natural sugar content in the most commonly used grains (BEDCA, 2006);
(4) 5 g sugar/100 g was subtracted from the total sugar content in
milk/dairy drinks and yogurts/fermented milk because this is the nat-
ural lactose maximum content in milk (BEDCA, 2006); (5) free sugar in
plant-based meat analogues was estimated according to the list of in-
gredients; (6) sugar in nuts added as ingredients was not considered free,
whatever the process, except drinks included in point (1); (7) sugar in
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fruit and dry fruit was considered free when added in puree or paste
(bars, yogurts); (8) although sugar content of some products was not
available, free sugars could be estimated based on the list of ingredients.
Free sugar content of some bars was impossible to estimate because the
proportion of dry fruit in paste, puree or any other form was not pro-
vided. Therefore, their nutritional quality could not be determined and
they were excluded from this analysis.

Foods with no added fat, salt, sweeteners or free sugars were clas-
sified as "healthy", as well as those that did not exceed any of the
thresholds for critical nutrients or had no LNCS (PAHO, 2016). Foods
were considered “less healthy” when they exceeded the threshold for
any of the critical nutrients or had LNCS (PAHO, 2016). Only foods with
data for all five components (sodium/salt, sugar, total fat, saturated fat,
LNCS) were included in the global statistics for “less healthy”.

2.5. Nutrition claims (NCs) analysis

Nutrition claims (NCs) were analysed as previously described and
following Regulation (EC) No 1924/2006 (European Parliament, 2006;
Ropero et al., 2023). The websites of most manufactures or supermar-
kets provide only an image of the product, usually the front of the
package. Some webpages also provide images of the back or sides of the
package. In order to avoid any bias, only the main image of the food was
used, and when more than one was available, the image of the front of
the package was used. Foods with unreadable images were not used for
this analysis.

NCs displayed as pictorial, graphic or symbolic representations are
also included in the European Regulation (EC) No 1924/2006 (European
Parliament, 2006). However, they were not subject to the analysis in the
present work because they are open to interpretations (European
Parliament, 2006). Therefore, only NCs displayed as text were analysed.
Authorized NCs are listed in the Annex of Regulation (EC) No
1924/2006 (European Parliament, 2006). However, manufacturers also
use other unauthorized NCs. Both were analysed in the present study.

NCs associated with health claims were also listed, such as "this food
contains iron which contributes to...". General NCs, such as "with min-
erals/vitamins", were considered as many as the number of micro-
nutrients included in the nutrition declaration, e.g. if the content of 7
micronutrients was shown in the nutrition declaration, 7 NCs were
recorded. However, if no micronutrient was displayed in the nutrition
declaration, the NC was registered as one. Sentences such as "15 % dairy
vitamin D" were not listed as NCs, because they are repetition of the data
in the nutrition declaration. The mere mention of a nutrient was
considered as NC due to the definition of ’nutrition claim’ included in
the European Regulation (European Parliament, 2006).

NCs authorized by the European Regulation were classified into
categories according to the claimed component: fat, fibre, light, min-
erals, protein, sodium/salt, sugar and vitamins (European Parliament,
2006). Other authorized NCs and those unauthorized were included in
"other". Some examples of NCs in this category are: with leucine, energy,
BCAA, with less added sugar, zero, with DHA, etc.

2.6. Statistics

Comparative analyses between fortified and unfortified foods were
conducted exclusively for food categories with a minimum sample size
of 30 items per condition, including comparisons involving the aggre-
gate sample. The Kruskal-Wallis H test, alternatively referred to as the
one-way ANOVA on ranks, was employed as a rank-based nonpara-
metric method to assess statistically significant differences among two
or more food groups of an independent variable on a continuous or
ordinal dependent variable. While this nonparametric ANOVA does not
assume normality of random error distribution, it necessitates inde-
pendence of random errors. To evaluate whether data distributions
across different columns or rows in contingency tables originated from
the same population, the chi-square test of homogeneity was utilized,
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determining if observed differences could be attributed to sampling
error alone. For all statistical analyses, the significance threshold was
established at p < 0.05.

Statistical analysis of the application data was performed using
Microsoft Excel and Google Colab with Jupyter Notebooks. The
following software libraries were employed: scikit-learn (version 0.22.2.
postl), Pandas (version 0.25.3), and Matplotlib Python (version 3.2.0).

3. Results

3.1. Description of the sample and prevalence of micronutrient
fortification

A total of 4313 processed foods were included in the present study,
belonging to 12 specific food types (Tables 1 and S1). Globally, at least
one vitamin or mineral was added to 16.6 % of foods (Table 1). Forti-
fication with vitamins was slightly higher than with minerals (13.8 % vs
10 %), while 7.2 % had both (Table 1).

Fortification was heterogeneous across food types (Table 1). No
toasted bread or cereal cakes/crackers were fortified. On the contrary, as
many as 42.9 % fruit drinks had added micronutrients, mainly vitamin C
(98 of 108 fortified) (Tables 1 and S2). Milk substitutes followed with a
fortification rate of 36.3 %, all but one with calcium and 78 of 122 with
vitamin D (Tables 1 and S2). Milk/dairy drinks had also a high preva-
lence (30.6 %), with vitamins D, A and E as the leading micronutrients
(115, 97 and 82 of 124 fortified respectively) (Tables 1 and S2).

Calcium was the most frequently added mineral (7.1 %), followed by
iron (3.7 %) and phosphorus (2.9 %) (Fig. 1A). Phosphorus fortification
may be unintentional for the most part because calcium, magnesium and
iron are often added as phosphate salt. Vitamin fortification showed
more diversity (Fig. 1B). Vitamin D had the highest prevalence (8.3 %),
followed by vitamin B6 (5.3 %), E (5.1 %), A and B9/folic acid (5 %
each) (Fig. 1B).

It is interesting to note that all 35 fortified yogurt/dairy dessert
substitutes had added calcium (Tables S2). Cereal products (bars, bis-
cuits and breakfast cereals) were predominantly fortified with vitamin
B. Calcium and iron were the main minerals added to biscuits. Vitamin
B12 was the most frequently added micronutrient to plant-based meat
analogues followed by iron (27 and 20 of 30 respectively). The complete
description of micronutrients added by food type is shown in table S2.

According to our data, food is usually fortified with more than one
micronutrient. Only 25.5 % of foods presented one added micronutrient
in the present study, while 40.5 % had two to four (Fig. 1C).

3.2. Nutrition claims

We then analysed the use of nutrition claims (NCs) to attract
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consumers’ attention. Foods with added minerals/vitamins had a higher
prevalence of NCs than non-fortified ones (78.4 % vs 43.6 % respec-
tively) (Fig. 2A). In fact, fortified foods presented a rate of 2.6 NCs/food
vs 0.6 for unfortified (Fig. 2B). A higher use of NCs in fortified foods was
observed in six of the nine food types, while only yogurt/dairy dessert
substitutes presented more NCs in the unfortified version (Fig. 2A).

When nutrients used in the NCs were analysed, 73.9 % of them
referred to minerals/vitamins among fortified foods (15.5 % and 58.4 %
respectively), while only 3.9 % among unfortified (2.9 % for minerals
and 1 % for vitamins) (Fig. 2C). In fact, as many as 56.5 % fortified foods
made NCs about micronutrients, while only 2.2 % unfortified (Fig. 2D).
In order, sugar, fibre and protein were the nutrients most frequently
claimed among unfortified foods (Fig. 2C).

3.3. Nutrient composition analysis

Our next step was to analyse the nutrient composition of fortified
foods (Table 2). Since fortification may increase the acceptance of these
foods, the comparison with unfortified items is crucial. A large number
of statistically significant differences were obtained, although only one-
third-of them were considered nutritionally relevant (see Material and
methods) (Table 2). Some of these differences may be regarded as pos-
itive, such as the increase in protein content in fortified yogurt/dairy
dessert substitutes (95 % more) or the 34 % decrease in total fat. The
main reason for the higher protein content may be that soy was the main
component of 34 of the 35 fortified (97.1 %), while only 38.7 % of the
unfortified yogurt/dairy dessert substitutes (41 of 106).

Other positive outcomes were the lower values in saturated fat and
sugar obtained in fortified biscuits (57 %) and milk substitutes (33 %)
respectively. It is interesting to note that yogurts/fermented milk with
added micronutrients presented lower total and saturated fat content
(39 % and 50 % less respectively). This may be due to the use of milk
with less fat. In addition, fortified breakfast cereals contained 48 % less
total fat. The 56 % decrease in sugar content in plant-based meat ana-
logues with added micronutrients may be considered unimportant
because both median values were low (0.8 g and 1.8 g).

The negative results obtained were striking. Fortified bars contained
more than double sodium than the unfortified version. In addition,
breakfast cereals with added micronutrients presented 76 % more sugar
as well as nine times more sodium. The main reason may be that
breakfast cereals with no added ingredients were mostly unfortified (97
of the 98 included in the study). These have low sugar and sodium
content (BEDCA, 2006). When breakfast cereals with added ingredients
were compared, fortified items still had a higher sugar content (29 %
more), but the differences were smaller (76 % more sugar for the total
sample) (Tables 2 and S3).

Carbohydrates values were lower for fortified milk substitutes and

Table 1

Items included in the study and fortification with minerals and/or vitamins.
Food Types No Foods

Total With added vit OR min (%) With added vit (%) With added min (%) With added vit AND min (%)

Bars 268 60 (22.4) 52 (19.4) 35(13.1) 27 (10.1)
Biscuits 641 63 (9.8) 60 (9.4) 45 (7) 42 (6.6)
Bread 351 22 (6.3) 6 (1.7) 20 (5.7) 4(1.1)
Breakfast cereals 424 76 (17.9) 71 (16.7) 67 (15.8) 62 (14.6)
Cereal cakes/crackers 181 0(0) 0 (0) 0 (0) 0 (0)
Fruit drinks 252 108 (42.9) 105 (41.7) 5() 2(0.8)
Milk/dairy drinks 405 124 (30.6) 117 (28.9) 53 (13.1) 46 (11.4)
Milk substitutes 336 122 (36.3) 79 (23.5) 121 (36) 78 (23.2)
Plant-based meat analogues 282 30 (10.6) 28 (9.9) 22(7.8) 20 (7.1)
Toasted bread and similar 225 0 (0) 0 (0) 0 (0) 0 (0)
Yogurt/dairy dessert substitutes 141 35 (24.8) 13 (9.2) 35 (24.8) 13 (9.2)
Yogurts/fermented milk 807 77 (9.5) 65 (8.1) 28 (3.5) 16 (2)
TOTAL 4313 717 (16.6)* 596 (13.8)* 431 (10)* 310 (7.2)*

" Percentage of the total food sample. vit: vitamins. min: minerals. %: Percentage of the total food sample by food type.
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Fig. 1. Characterization of micronutrient fortification. Frequency of mineral (A) and vitamin (B) fortification, by micronutrient. (C) Frequency of fortification by
number of micronutrients added. Min/vit: minerals or vitamins. Three biscuits were excluded from (C) because the specific vitamins and/or minerals added were not
indicated in the ingredient list. Vit B-general in (B): 2 items of 4313 = 0.05 %.

plant-based meat analogues (36 % and 55 % respectively), which cannot
be explained solely by the decrease in sugar content. Finally, no nutri-
tionally relevant differences were observed in milk/dairy and fruit
drinks.

3.4. Evaluation of food "Healthiness"

We next analysed the nutritional quality of foods by applying the Pan
American Health Organization/World Health Organization-Regional
Office in Iberoamerica Nutrient Profile Model (PAHO—NPM)
(Table 3). As many as 83.7 % fortified foods were classified as "less
healthy" and 66.9 % were high in free sugar. In addition, around one in
four items were high in fat (26.8 %) or high in sodium (22.7 %), while
one in five were high in saturated fat (18.9 %) or had sweeteners (19.4
%).

When both categories were compared, there was no difference in the
proportion of foods considered "less healthy" (83.7 % in fortified, 80.7 %
in unfortified) (Table 3). However, more fortified breakfast cereals and
yogurts/fermented milk were "less healthy" compared to the unfortified
version (63 % and 19 % more respectively).

For the total sample, all nutrients exhibited divergences (Table 3).
More fortified items were high in free sugar, sodium and had sweeteners,
while less were high in total and saturated fat. The highest percentage of
products with sweeteners in the fortified category was driven primarily
by yogurts/fermented milk, fruit and milk/dairy drinks. On the con-
trary, less use of sweeteners was registered in fortified biscuits. The
proportion of items high in free sugar was only different in breakfast
cereals, which was higher for those with added micronutrients, as ex-
pected according to the data on total sugar (Tables 2 and 3).

Results on total and saturated fat were more homogeneous (Table 3).

Less fortified foods were considered high in fat in five food types and
more in two (milk/dairy drinks and milk substitutes). As for saturated
fat, all three food types showing differences had lower proportion of
items high in saturated fat for the fortified version. Three food types
showed more items high in sodium for the fortified version (breakfast
cereals, milk and yogurt/dairy dessert substitutes).

4. Discussion

In the present work, a comprehensive study of the fortification of
4313 foods belonging to twelve food types was carried out. Fruit drinks,
milk substitutes and milk/dairy drinks had the highest fortification rate,
while vitamin D and calcium were the most frequently added micro-
nutrients. The current results show that fortified foods use nutrition
claims (NCs) more frequently and most of them are about minerals or
vitamins. The nutrient composition and nutritional quality of fortified
foods were also described and compared to the unfortified version. Mix
results were obtained, some showing improvements in fortified foods,
while others reflected deterioration in their nutritional quality. Impor-
tantly, more than four in five fortified foods were classified as '"less
healthy". Therefore, we cannot conclude that fortified foods are healthy
or that they are nutritionally better than the unfortified version.

4.1. Food fortification in Spain and other countries

Only two previous studies on fortification in Spain have been pub-
lished, both with folic acid, and the information was collected from 2007
to 2015 (Samaniego-Vaesken et al. 2016; Samaniego-Vaesken et al.
2017a). The analysis conducted only applied to fortified foods and, as a
consequence, the prevalence was not analysed nor the nutrient
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Fig. 2. (A) Presence of Nutrition Claims (NCs) in fortified and unfortified items by food type. (B) Number of NCs per food. (C) Proportion of NCs by nutrient claimed.
(D) Percentage of foods with NCs about minerals or vitamins. Min/vit: minerals or vitamins. Only food types with at least 30 items per category were included in
these analyses. Statistically significant differences according to: * p < 0,05; ** p < 0,01; # p < 0,001.

composition was compared with that of unfortified products. However,
as in the present manuscript, grain or grain products were the main food
group fortified with this vitamin. In addition, the use of nutrition claims
about vitamins were also very frequent among these foods
(Samaniego-Vaesken et al. 2016; Samaniego-Vaesken et al. 2017a).

Our data show that folic acid (B9) is one of the micronutrients with
higher fortification rate, yet only 5 %, mainly in milk/dairy drinks,
breakfast cereals and bars. A study in Ireland showed twice as much folic
acid fortification rate in breakfast cereals (38 % compared to 15.3 %)
(Egan et al., 2019). On the contrary, the proportion was lower in milk
(11 % compared to 17.3 %), while similar in yogurts (2 % compared to 1
%) (Egan et al., 2019).

Our results may be compared to those obtained in a previous study in
Portugal carried out in foods consumed by participants in the IAN-AF
2015-16 study (Martins et al., 2022). Their fortification rates were
lower in milk (8.3 % vs 30.6 %), nectars and soft drinks to ours
(20.8-26.9 % vs 42.9 %), while similar in yogurts (6.2 % vs. 9.5 %) and
biscuits (11.7 % vs 9.8 %) (Martins et al., 2022). However, their rates
were higher for breakfast cereals and cereal bars (66.6 % vs 17.9-22.4
%), plant-based drinks and yogurt/dairy dessert substitutes (80.2 % vs
24.8-36.3 %) (Martins et al., 2022).

Vitamin D was the most frequently added micronutrient in the pre-
sent study (8.3 % of all products), with milk and milk substitutes having
the highest rates (28.4 % and 23.2 % respectively). Vitamin D fortifi-
cation of milk was much higher than in Slovenia (28.4 % vs 4.5 %),
while it was similar in milk substitutes (23.2 % vs 22.7 %) (Krusic et al.,
2022). On the contrary, we obtained lower fortification rate in
yogurt/dairy dessert substitutes (9.2 % vs 19.1 % in the Slovenian
work), while similar in breakfast cereals (8.3 % vs 5-6 %) (Krusic et al.
2022). According to our data, vitamins B and iron are the most

frequently added micronutrients in cereal products (biscuits, breakfast
cereals, bars). This is in agreement with a work in Japan published in
2023, although our rates were much lower (the maximum fortification
rate in the present work was 16.5 %, while 37.8-99.7 % in the Japanese
study) (Nishijima et al., 2023).

4.2. Food fortification and micronutrient intakes

As mentioned earlier, Vitamin D was the micronutrient most
frequently added in the present study. Vitamin D deficiency is wide-
spread in high-income countries, affecting 24 % of the population in the
USA, 37 % in Canada and 30-60 % in Europe (Lips et al., 2019; Amrein
et al., 2020). In Spain, as many as 93 % of the population 9-75 years
present intakes below the 80 % of the EFSA recommendations, accord-
ing to the ANIBES study (Olza et al., 2017a). Food fortification with
vitamin D may result in higher intakes, as well as positive health out-
comes (de Jong et al., 2022a; Fonseca et al., 2022; McCourt & O’Sulli-
van, 2022; Nyakundi et al., 2023). Moreover, "current vitamin D
fortification is estimated to prevent approximately 11,000 cancer deaths
in the European Union and 27,000 in all European countries considered
per year" (Niedermaier et al., 2022). However, our results suggest that
the scarce 8.3 % fortification rate obtained in Spain can hardly result in
all these positive outcomes. A greater fortification rate in foods as highly
consumed as milk and cereal products would help decrease the severe
vitamin D deficiency in Spain.

The prevalence of micronutrient deficiency in Spain is also important
for other vitamins and minerals. As many as >50 % of the population
aged 9-75 years reported intakes below 80 % of the European Food
Safety Authority (EFSA) daily recommendations of calcium, magnesium,
zinc, vitamins B9, A, E and C, as well as iron in women (Olza et al.,



Table 2
Energy and nutrient density of specific food types. Values in 100 g or 100 ml.
Food types Fortified Energy (kcal) Protein (g) Carbohydrates (g) Sugar (g)
n Median (IR) p-value n Median (IR) p-value n Median (IR) p-value n Median (IR) p-value
Bars No 208 428 0.079 208 11.9 0.309 208 46.4 < 0.05% 208 23.2 0.263
(374; 484) (6.9; 27) (28.8; 61.9) (12.5; 32.1)
Yes 60 407 60 9.7 60 56.3 58 25.5
(373; 441) (6.3; 23) (41.6; 63.1) (17.2; 35)
Biscuits No 578 475 < 0.001* 578 6.5 0.182 578 64 < 0.001* 575 23 0.236
(452; 497) (5.6;7.5) (61; 69) (18.9; 32)
Yes 63 461 63 6.8 63 68 62 22
(450; 469) (6; 7.5) (65.9; 73) (205 24)
Breakfast cereals No 348 380 0.574 348 10 < 0.001* 348 64 < 0.001* 344 12.2 < 0.001*
(366; 422) (8.4;12) (59; 72) (1.3; 20)
Yes 76 384 76 8.5 76 74.9 76 21.5
(375; 394) (7.2; 10) (67.8; 79.8) (15.8; 26)
Fruit drinks No 144 29 0.072 143 0.1 < 0.01* 144 6.8 0.107 142 6 0.126
(205 45) (05 0.3) (4.6;10.1) (4.2;10)
Yes 108 26 108 0.2 107 5.6 106 5.2
(20; 36) (0.1; 0.3) (4.8; 8.1) (4.4;7.8)
Milk/dairy drinks No 281 46 0.886 281 3.1 < 0.001* 281 4.8 < 0.01* 278 4.8 < 0.01*
(45; 63) (3;3.2) (4.6; 5) (4.6; 4.9)
Yes 124 50 124 3.2 124 4.8 124 4.8
(44; 60) (3; 3.9 (4.7; 5.3) (4.7; 5.3)
Milk substitutes No 213 50 < 0.01* 214 0.8 < 0.05* 213 8.1 < 0.001~ 214 5 < 0.01*
(39; 60) (0.5;1.2) (3.6;10.5) (2;6)
Yes 122 45 122 1 122 5.2 122 3.4
(34; 54) (0.5; 3) (2.5; 8.3) (1.3;5.2)
Plant-based meat analogues No 249 212 < 0.05* 252 13 0.345 249 13 < 0.01* 252 1.8 < 0.001*
(183; 242) (7.1; 18) (6.9; 19) (1; 2.8)
Yes 30 180 30 14.7 30 5.9 30 0.8
(145; 223) (11.1; 18) (4;12.8) (0;1.2)
Yogurt/dairy dessert substitutes No 106 90 < 0.001* 106 1.9 < 0.001* 106 11 0.108 106 8.3 0.802
(78; 111) (0.9; 3.7) (5.3; 14.9) (2.3;11.1)
Yes 35 76 35 3.7 35 10.5 35 8.7
(59; 85) (3.6; 3.9) (5.7; 11.8) (2.8;11)
Yogurts/fermented milk No 730 75 < 0.001* 730 3.5 < 0.05% 730 10.7 0.264 726 10 0.286
(54; 96) (3;4.2) (5.2;12.1) (4.9;12)
Yes 77 62 77 2.9 77 10 77 9.4
(49; 74) (2.8; 4.2) (5.2;11) (5.2;11)
Food types Fortified Total fat (g) Saturated fat (g) Fibre (g) Sodium (mg)
n Median (IR) p-value n Median (IR) p-value n Median (IR) p-value n Median (IR) p-value
Bars No 208 15.7 < 0.01* 206 5.4 0.762 185 6.8 0.325 206 92 < 0.001*
(11.6; 25) (2.9;9) (5;9.9) (28; 160)
Yes 60 13 58 4.9 52 6.2 60 200
(9.2; 20.3) (2.9; 9.6) (3.4,9.7) (75; 244)
Biscuits No 578 20.5 < 0.001* 577 7 < 0.001* 461 4 0.217 578 240 < 0.05*
(16.6; 24) (2.3;12.9) (2.6; 6.1) (152; 320)
Yes 63 16 63 3 58 3.5 63 272
(14.9; 18) (1.6; 6.7) (2.5;5.3) (200; 400)
Breakfast cereals No 348 6.7 < 0.001* 344 1.3 < 0.05* 330 7.8 < 0.01* 341 28 < 0.001*
(3.3;12.5) (0.7; 2.8) (5.3; 10) (8; 152)
Yes 76 3.5 76 1 75 5.6 76 264
(1.9;7) (0.5; 2.2) (4.2; 8.7) (140; 341)
Fruit drinks No 143 0 0.908 142 0 0.157 37 0.2 0.558 143 4 < 0.05*
(0; 0.1) (0; 0) (0; 0.5) (0; 4)

(continued on next page)
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Table 2 (continued)

Sodium (mg)

Fibre (g)

Saturated fat (g)

Total fat (g)

Fortified

Food types

Median (IR) p-value

n

Median (IR) p-value

n

Median (IR) p-value

n

p-value

Median (IR)

108

0.3

53

108

108

Yes

(0;12)

52

(0.1; 0.5)
ND

(0; 0)

(0; 0.1)
1.6

< 0.001*

277

ND

48

0.067

278

0.654

281

No

Milk/dairy drinks

(40; 52)
52

(0.4; 1.5)
0.8

(0.5; 2.3)
1.6

123

ND

12

122

124

Yes

(52; 64)

36

(0.3;1.1)
0.3

(0.5; 2.1)
1.7

< 0.001*

209

< 0.01*

0.5

143

0.065

214

0.192

214

No

Milk substitutes

(24; 40)
40

(0.2; 0.7)
0.6

(0.2; 0.4)

0.2

(1;2.2)
1.5

122

88

122

122

Yes

(36; 56)
520

(0.4; 0.9)
ND

(0.2; 0.3)
1.3

(1.1; 1.9)

11

0.414

251

ND

201

0.669

252

0.261

252

No

Plant-based meat analogues

(440; 640)
534

(1;1.9

1.3

(6.9; 15)
8.8

30

ND

19

30

30

Yes

(480; 635)

40

(0.8; 2.2)
0.5

(6.5; 13.5)

3.2

< 0.05*

106

ND

ND

40

< 0.05*

105

< 0.001*

106

No

Yogurt/dairy dessert substitutes

(24; 40)

40

(0.3; 2.8)
0.4

(2.2; 5.5)

2.1

35

ND

20

35

35

Yes

(24; 60)
44

(0.3; 0.6)

1.6

(2;2.7)
2.3

0.979

730

ND

ND

56

< 0.001*

725

< 0.001*

727

No

Yogurts/fermented milk

(40; 52)
40

(0.2; 2.5)
0.8

(0.5; 3.8)
1.4

77

ND

12

77

77

Yes

(40; 60)

0.2; 1)

(0.4; 1.6)

" Statistically significant differences according to p < 0.05. Only food types with at least 30 items per category were included in this analysis. n: Foods with data. IR: interquartile range. ND: not determined because of <

30 foods/condition.
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2017a, 2017b; Partearroyo et al., 2017; Samaniego-Vaesken et al.,
2017b). Following the same criteria, insufficient intake of vitamins B1,
B2, B3, B6 were also reported in >20 % of the population
(Mielgo-Ayuso et al., 2018). The fortification rates of these micro-
nutrients range from 7.1 % to 0.6 % in the present study, which can
hardly significantly improve the micronutrient status of the Spanish
population. Many fortified foods belong to highly consumed food types,
such as dairy and cereal products, and increasing the rate would benefit
the population. However, an important effort is required to add
micronutrients which are not commonly use for this purpose.

Some of the foods analysed in this work are widely consumed in
Spain and, therefore, have the potential to contribute greatly to
reducing micronutrient deficiencies. As many as 87.2 % of the popu-
lation consume bread (an average of 4.64 kg/year) according to a
report released by the Spanish Ministerio de Agricultura, Pesca y
Alimentacion on food intake in 2023 (MAPA, 2024). This makes bread
an excellent target for fortification, although currently only 6.3 % of
them are fortified (MAPA, 2024).

Milk also has a high potential for fortification as 62.9 liters/year per
person were consumed in Spain in 2023. Our data show that nearly one
in three is fortified at present. Vitamin A, D and folic acid are the most
frequently added micronutrients and they are among those most defi-
cient in Spain (Olza et al. (2017a), Partearroyo et al. (2017; 2017).
However, the acceptance of fortified milk must be increased because
only 8.73 liters were consumed in 2023, which barely represents 14 %
of total milk intake (MAPA, 2024). Fortified milk is more expensive and
this may be one of the mains reasons. Therefore, making it more
affordable for the population can help improve the micronutrient status
of the population.

Another potential target for fortification are breakfast cereals. Its
effectiveness has been demonstrated by the NHANES 2007-2010 data
from USA, which showed that unfortified ready-to-eat cereals increased
the percentage of people that were below Estimated Average Require-
ment for niacin, iron, thiamine, B6 vitamin A and zinc (Fulgoni &
Buckley, 2015). The average intake of breakfast cereals in Spain is 1.56
kg/person (MAPA, 2024). According to our data, 17.9 % of them are
fortified, mainly with vitamin B and iron. Unfortunately, the healthy
breakfast cereals (those with no additional ingredients) are not forti-
fied. The results in USA suggest that the fortification of healthy
breakfast cereals may improve the deficiencies in vitamin B and iron in
Spain (Mielgo-Ayuso et al. (2018), Samaniego-Vaesken et al. (2017b),
Samaniego-Vaesken et al. (2017b).

Biscuits may be candidates for fortification, as the intake was as
high as 4.84 kg/person in 2023 (MAPA, 2024). However, their nutri-
tional quality should be taken into account before promoting them to
improve the micronutrient status of the population (see Section 4.3
below).

Consumption of fortified foods can be of concern because of the
potential risk of exceeding the tolerable upper intake levels set for some
micronutrients by EFSA (EFSA, 2024). However, this does not seem to
be the case for the general population when the fortification policy is
voluntary as it is in Spain (Tarasuk & Brassard, 2021).

4.3. The case of plant-based foods

Our results show that plant-based foods are among the most
frequently fortified foods: one in three milk substitutes, one in four
yogurt/dairy dessert substitutes and one in ten meat analogues. The
global plant-based food market is on the rise and is predicted to growth
three fold from 2023 to 2033 (Good Food Institute, n.d.; Future Market
Insights, 2024b). These foods are usually presented by the industry as
healthier alternatives to animal-based foods. However, their main
drawback is the absence of some micronutrients naturally present in
animal-based foods. In fact, substitution of milk with unfortified
vegetable drinks may be a risk for deficiencies in calcium, zinc, iodine,
vitamins B2, B12, D and A (Scholz et al., 2020). According to our data,
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Table 3

Classification of foods as high in critical nutrients according to the PAHO—NPM, by food type (PAHO, 2016).

Sweeteners (LNCS)

High Sodium

High Fat High Free Sugar High Saturated Fat

Fortified Less Healthy

Food Types

No (%) p-value n No (%) p-value n No (%) p-value n No (%) p-value n No (%) p-value n No (%) p-value

n

0.226

36 (17.6)
6 (10)

205
60

1

2()

203
60

205 122(59.5) 1
34 (58.6)

58

0.193

129 (69.4)
46 (79.3)

186

58

< 0.001*

132 (64.4)
23(38.3)

205
60

185 180(97.3) 1
57 (98.3)

58

No

Bars

1(1.7)

Yes
No

< 0.05*

58 (10)
1(1.6)
8(2.3)
0 (0)

578
63

0.496

53(9.2)

578
63

< 0.001*

336 (58.2)
22 (34.9)
34 (9.8)
1(1.3)
4(2.8)
2(1.9)

577
63

0.090

490 (84.9)
59 (93.7)

577
63

< 0.001*

484 (83.7)
40 (63.5)
67 (19.3)
3(3.9
3(2.1)
2(1.9)

1 (0.4)
5(4)

578

63

0.859

573 (99.5)
62 (98.4)
184 (54)
66 (88)

576
63

Biscuits

8(12.7)
27 (7.9)

Yes

0.385

348
76

< 0.05*

342
76

< 0.05*

347
76

< 0.001*

146 (42.1)
61 (81.3)

347

75

< 0.01*

348
76

< 0.001*

341
75

No

Breakfast cereals

12 (15.8)
11 (7.7)
10 (9.3)
25 (8.9)

Yes
No

< 0.05*

77 (53.5)
73 (67.6)
12 (4.3)

144
108
281

0.831

143
108
281

0.939

142
108
281

0.602

140 (98.6)
108 (100)
53 (18.9)
15 (12.1)
164 (77)
94 (77)
2(0.8)
0(0)

142
108

281

1

143
108
281

1

140 (100)
108 (100)
68 (24.2)
31 (25)

140
108

281

Fruit drinks

Yes

< 0.05*

0.292

0.293

42 (14.9)
13 (10.5)
33 (15.5)
9(7.4)

0.125

0.962 < 0.05*

No

Milk/dairy drinks

14 (11.3)
3(1.4)
6(4.9)
0(0)

0 (0)

0 (0)
0(0)

124
214

16 (12.9)
45 (21.6)
54 (44.3)
238 (96)
30 (100)
1(0.9)

124
208

124
213
122
249
30

124
213
122
247
30

124
213

124
208

Yes

0.117

< 0.001*

< 0.05%

1

< 0.01*

91 (42.7)
71 (58.2)

0.144

199 (95.7)

No

Milk substitutes

122
252
30

122
248
30

122
249
30

121 (99.2)
239 (97.2)
30 (100)
99 (93.4)
30 (85.7)

122
246
30

Yes
No

1

0.548

0.199

32 (12.9)
7 (23.3)
36 (34)

1

0.435

196 (78.7)
26 (86.7)
59 (55.7)
8(22.9)

0.748

Plant-based meat

Yes

Yogurt/dairy dessert substitutes No

106
35

< 0.001*

106
35

0.094

106
35

0.301

80 (75.5)
30 (85.7)

106

35

< 0.01*

106
35

0.288

106
35

9(25.7)

6(17.1)

Yes

141 (19.3) < 0.001*

35 (45.5)
2858 335(11.7) < 0.001*

730
77

131 (17.9) 0.311

18 (23.4)
2839 533(18.8) < 0.05*

730
77
695

0.212

408 (56.2)

37 (48.1)
2846 1047 (36.8) < 0.001*

726
693

0.515
77

441 (60.4)

50 (64.9)
2829 1645 (58.1) < 0.001*

730
692

< 0.001*
77

237 (32.6)

8(10.4)
2851 1270 (44.5) < 0.001*

728
695

77

< 0.01*

586 (80.7)

74 (96.1)
2809 2268 (80.7) 0.086

726
77
692

No

Yogurts/fermented milk

Yes
No
Yes

TOTAL

463 (66.9) 131 (18.9) 158 (22.7) 695 135(19.4)

186 (26.8)

579 (83.7)

" Statistically significant differences according to p < 0.05. Only food types with at least 30 items per category were included in this analysis. %: Percentage within the food type. n: Foods with data. No: foods exceeding
the threshold or with LNCS. LNCS: low- or no-calorie sweeteners. Thresholds used to consider foods as high in critical nutrients are (PAHO, 2016): >30 % of total energy from total fat, >10 % of total energy from free

sugars, >10 % of total energy from saturated fat, >1 mg sodium/kcal.
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calcium and vitamin D are the main micronutrients used to fortify
vegetable drinks, yet only in 36 % and 23.2 % of them, respectively.
These rates were even lower for yogurt/dairy dessert substitutes (24.8
% and 9.2 % for calcium and vitamina D respectively). Other micro-
nutrients were only added in 1.2 % - 11.3 % of products. These rates
were lower than those obtained in a study in Australia with 115
plant-based milk alternatives (57 %) (Zhang et al., 2020). Surprisingly,
higher rates (76 %) were observed in a study with non-organic
plant-based dairy alternatives and yogurt/desserts across Europe
(including Spain), with calcium as the leading micronutrient (Medici
et al., 2023). Therefore, our results show that plant-based dairy sub-
stitutes are largely unfortified and, when they are used as dairy sub-
stitutes, micronutrient deficiencies already present in the population
may worsen.

Meat is a particularly important source of high bioavailable iron,
vitamin B12 and zinc. Our results show that less than one in ten plant-
based analogues were fortified with iron or vitamin B12, with no
addition at all of zinc. Higher rates were obtained in Australia
(12.1-15.2 %) (Melville et al., 2023). Replacing meat with these ana-
logues may aggravate the already high deficiency rates in iron and zinc
in the Spanish population (Olza et al., 2017b; Samaniego-Vaesken,
Partearroyo et al., 2017b).

4.4. Food fortification and health

Regardless of the consequences of consuming fortified foods in the
micronutrient intake of the population, the main conclusion of this
work is that most of these foods are not healthy. The evaluation of the
nutritional quality was carried out by applying the Pan American
Health Organization and the World Health Organization — Regional
Office in Iberoamerica, (PAHO, 2016). The criteria include the content
of free sugar, sodium, total and saturated fat and the presence of
sweeteners (PAHO, 2016). These nutrients and sweeteners are nega-
tively associated to health.

Two of three fortified foods were high in free sugar (66.9 %), higher
rate than for the unfortified (58.1 %). According to the 2015 report by
WHO, "a high level of free sugars intake is of concern because of its
association with poor dietary quality, obesity and risk of non-
communicable diseases" (WHO, 2015). In addition, "intake of free
sugars increases overall energy intake and may reduce the intake of
foods containing more nutritionally adequate calories" (WHO, 2015).

One in four fortified foods were high in total fat (26.8 %), while
more than half of biscuits, milk substitutes and plant-based meat
exceeded the threshold (63.5 %, 58.2 % and 86.7 % respectively). In
the opinion of WHO in 2023, "evidence from a systematic review of
randomized controlled trials conducted in non-dieting adults found
that reducing intake of total fat led to lower body weight, body mass
index, waist circumference and percentage of body fat" (WHO, 2023b).
Saturated fat is particularly negative to health and one in five fortified
foods in the current study presented high values (18.9 %). The recent
WHO guideline on saturated fatty acid intake concludes that "lowering
saturated fatty acid intake reduces low-density lipoprotein (LDL)
cholesterol (high certainty evidence) and CVD risk (moderate certainty
evidence), and may be associated with reduced risk of all-cause mor-
tality (i.e. death from any cause) and coronary heart disease (both very
low certainty evidence)" (WHO, 2023a).

Nearly one in four fortified foods in the present work exceeded the
threshold to be considered high in sodium (22.7 %). Almost 2 million
deaths each year are associated with excessive intake of sodium, which
is the largest number of diet-related deaths (WHO, 2023d). Its negative
effects on the cardiovascular system is the main mechanism (WHO,
2023d). Most dietary sodium comes from processed foods and the
global sodium intake, including that in Spain, is double the recom-
mended (Ortega et al., 2011; WHO, 2023d).

An important proportion of fortified foods in the present work
contained low- or no-calorie sweeteners (19.4 %), particularly fruit
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drinks and yogurts/fermented milk (67.6 % and 45.5 % respectively).
After decades of much controversy, WHO suggested in 2023 "that non-
sugar sweeteners not be used as a means of achieving weight control
or reducing the risk of noncommunicable diseases" (WHO, 2023c). In
addition, evidence from long-term prospective observational studies
concluded that "higher intakes of non-sugar sweeteners were associated
with increased risk of type 2 diabetes, cardiovascular diseases and car-
diovascular mortality, and all-cause mortality" (WHO, 2023c). Polyols
were not included in this report, though they were already not recom-
mended by the Pan American Health Organization and the World Health
Organization — Regional Office in Iberoamerica in 2016 (PAHO, 2016).

Last, but not least, most of these foods are ultraprocessed (UPF) ac-
cording to the NOVA classification (FAO, 2018). According to studies,
UPF are associated with higher chronic diseases risk and greater
all-cause mortality (Forde & Decker, 2022; Lawrence, 2021). They have
been related also with greater risk of overweight, obesity and cancer
(Forde & Decker, 2022; Kliemann., 2023). Whether the negative impact
on health is due to the processing or the nutrient composition is a matter
of debate (Forde & Decker, 2022). Therefore, the addition of micro-
nutrients to UPF and the use of NCs may increase their intake and
negatively affect health (Kroker-Lobos et al., 2022).

4.5. Strengths and limitations
This work presents important strengthcs:

- This is the first comprehensive research on the micronutrient forti-
fication of foods in Spain.

- This is also the first report on the nutrient composition and nutri-
tional quality of micronutrient fortified foods and comparing them
with unfortified equivalents.

- This analysis includes large samples of twelve different food types

It also has some limitations, which are to be mentioned:

- Selection of brands did not follow criteria based on customers’ pur-
chases or the most popular products;

Data collected were reliant on the accuracy of the information pro-
vided on the manufacturers’ and supermarkets’ websites;

Some mineral fortification may have been wrongly attributed when
one ingredient provides two minerals because it is impossible to
determine the manufacturer’s true intention.

Conclusion

This work indicates that voluntary micronutrient fortification in
Spain is scarce and can hardly address the deficiencies reported in the
population. In this regard, mandatory fortification may be more effi-
cient. However, it should not be used to promote unhealthy foods or to
compensate for the presence of nutrients negatively associated to health.
Increasing micronutrient intake through fortified foods cannot lead to
further deterioration of the diet. In view of these results, we can
conclude that voluntary fortification in Spain is market-driven rather
than a means to improve the health of the population. Governments
should seriously consider this issue and only healthy foods should be
allowed to be fortified to protect public health.
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Table S1

Description of the food types included in the study.

Types Foods

Bars Bars made of cereals, legumes, dry fruit or nuts with or without
added ingredients

Biscuits All kinds of biscuits according to their commercial name,
including wafers. Savoury biscuits were excluded

Bread Bread (soft) and similar products made with yeast

Breakfast cereals
Cereal cakes/crackers

Fruit drinks

Milk/dairy drinks

Milk substitutes
Plant-based meat analogues
Toasted bread and similar

Yogurt/dairy dessert substitutes

Yogurts/fermented milk

Flakes, muesli, granola, extruded, ready-to-eat cereals
Cereal cakes and crackers with no yeast or gasifiers added

Drinks with a minimum of 5% fruit or juice (juices and
smoothies are not included)

All kinds of milk, flavoured milk shakes and milk with other
ingredients

Vegetable drinks made of soya, oat, rice, coco, nuts, tigernut,
canary seed or any other vegetable ingredient except tomato
Any product made to resemble meat, made with plant-based
ingredients

Toasted bread and similar products made with yeast (low water
content)

Fermented products and desserts made of plant-based drinks

Yogurts, milk fermented with alternative bacteria (dairy desserts

are not included)




Table S2

Items with added minerals or vitamins, by food type and micronutrient.

No of fortified foods, by micronutrient (% of the total sample by food type)

Minerals COTALY  Bare Biceuits Bread Breakfast  Fruit  Milkidairy  Milk E}l::tt'based zecﬁzz/ dairy Yogurts/fermented
cereals drinks drinks substitutes analogues substitutes milk
Calcium 307 (7.1) 21(7.8) 39(6.1) 11(3.1) 21 (5) 1(04) 47(11.6) 121 (36)  3(1.1) 35(24.8) 8 (1)
Chloride 1(0) 0(0) 0(0) 0(0) 0(0) 0 (0) 0(0) 0(0) 1(0.4) 0(0) 0(0)
Copper 4(0.1) 4 (1.5) 0(0) 0(0) 0(0) 0 (0) 0(0) 0(0) 0 (0) 0(0) 0(0)
Dairy mineral salts 11 (0.3) 1(0.4) 0(0) 0(0) 0(0) 0 (0) 0(0) 0(0) 0 (0) 0(0) 10 (1.2)
Iodine 18 (0.4) 2(0.7) 0(0) 9(2.6) 3(0.7) 0 (0) 0(0) 3(0.9) 1(0.4) 0(0) 0(0)
Iron 158 (3.7) 21(7.8) 36(5.6) 4(1.1) 63 (14.9)  0(0) 5(1.2) 1(0.3) 20(7.1) 0(0) 8 (1)
Magnesium 26 (0.6) 12(45) 9(1.4) 0(0) 0(0) 0 (0) 5(1.2) 0(0) 0 (0) 0(0) 0(0)
Manganese 6(0.1) 6(2.2) 0(0) 0(0) 0(0) 0 (0) 0(0) 0(0) 0 (0) 0(0) 0(0)
Phosphorus 124 (2.9) 4 (1.5) 5(0.8) 0(0) 4(0.9) 0 (0) 21(5.2) 52 (15.5) 14 (5) 23 (16.3) 1(0.1)
Potassium 22 (0.5) 8(3) 0(0) 8(2.3) 1(0.2) 0 (0) 1(0.2) 3(0.9) 0 (0) 0(0) 1(0.1)
Selenium 3(0.1) 0(0) 0(0) 0(0) 0(0) 1(0.4) 1(0.2) 0(0) 0 (0) 0(0) 1(0.1)
Zinc 34 (0.8) 6(2.2) 0(0) 0(0) 2(0.5) 3(1.2) 13(3.2) 1(0.3) 0 (0) 0(0) 9(1.1)

*: values in brackets in this column are represented in Figure 1A



Table S2 (cont)

Items with added minerals or vitamins, by food type and micronutrient.

No of fortified foods, by micronutrient (% of the total sample by food type)

Plant-based  Yogurt/dairy

Vitamins . Breakfast Fruit Milk/dairy Milk Yogurts/fermented
TOTAL®* Bars Biscuits - Bread cereals drinks drinks substitutes meat desse'r ' milk
analogues substitutes
A 217 (5) 15(5.6) 193) 0(0) 0 (0) 61 (24.2) 97 (24) 23 (6.8) 0 (0) 0(0) 2(0.2)
B (general) 2 (0) 2(0.7) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Bl 167 (3.9) 34(12.7) 37(5.8) 5(1.4) 62 (14.6) 5(2) 12(3) 5(L.5) 1(0.4) 0(0) 6(0.7)
B2 184 (4.3) 38(14.2) 31(4.8) 0(0) 70 (16.5) 2(0.8) 9(2.2) 25(7.4) 0 (0) 9(6.4) 0 (0)
B3 169 (3.9) 42 (15.7) 36(5.6) 5(1.4) 67 (15.8) 5(2) 9(2.2) 4(1.2) 1(0.4) 0(0) 0(0)
B3 95(2.2) 31(11.6) 17(2.7) 0(0) 32 (7.5) 5(Q) 9(2.2) 0(0) 0 (0) 0(0) 1(0.1)
B6 228 (5.3) 44(16.4) 39(6.1) 0(0) 63 (14.9) 19(7.5) 29(7.2) 4(1.2) 0(0) 0(0) 30(3.7)
B8 41 (1) 21(7.8) 1(0.2) 0(0) 4(0.9) 6(2.4) 9(2.2) 0(0) 0(0) 0(0) 0(0)
B9 216 (5) 38(14.2) 27(4.2) 0(0) 65 (15.3) 4 (1.6) 70 (17.3) 4(1.2) 0 (0) 0(0) 8 (1)
B12 198 (4.6) 30(11.2) 12(1.9) 0(0) 48 (11.3) 6(2.4) 21(5.2) 38 (11.3) 27 (9.6) 11(7.8) 5(0.6)
C 143 (3.3) 23(8.6) 0(0) 1(0.3) 1(0.2) 98 (38.9) 14(3.5) 4(1.2) 0(0) 0(0) 2(0.2)
D 359(8.3) 22(82) 2945 0(0) 35(8.3) 10 (4) 115(28.4) 78(23.2) 0 (0) 13(9.2) 57 (7.1)
E 218 (5.1) 29(10.8) 11(1.7) 0(0) 10 (2.4) 67 (26.6) 82(20.2) 17(5.1) 0 (0) 0(0) 2(0.2)
K 14(0.3) 2(0.7) 0(0) 0(0) 0 (0) 0(0) 12(3) 0(0) 0(0) 0(0) 0(0)

**: values in brackets in this column are represented in Figure 1B



Table S3

Energy and nutrient density values in 100 g.

Food type Fortified Energy (kcal) Protein (g) Carbohydrates (g) Sugar (g)

n Median (IR) p-value n Median (IR) p-value n Median (IR) p-value n Median (IR)  p-value
Breakfast cereals — No 251 394 (374;437) <0.01* 251 9.2(7.8; 11) 0.056 251  65(60.1; 74) <0.001* 250 17 (11;22) <0.001*
with added ingredients  Yes 75 385 (375; 394) 75 8.4 (7.2; 10) 75 75 (68; 79.9) 75 22 (16; 26)
n: Foods with data. IR: interquartile range; * statistically significant differences according to p < 0.05.
Table S3 (cont)
Energy and nutrient density values in 100 g.
Food types Fortified Total fat (g) Saturated fat (g) Fibre (g) Sodium (mg)

n Median (IR) p-value n Median (IR) p-value n Median (IR) p-value n Median (IR)  p-value
Breakfast cereals — No 251 8.4 (3.6; 15) <0.001* 250 1.8 (0.8; 3.5) <0.001* 237 72(5.1;9) 0.069 245 84 (14;236) <0.001*
with added ingredients  Yes 75 3.5(1.9;7) 75 0.9 (0.5;2.2) 74 5.5(4.1; 8.5) 75 264 (150; 342)

n: Foods with data. IR: interquartile range; * statistically significant differences according to p < 0.05.
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