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This study assessed compliance between declared and analysed values on prepacked foods, considering the
tolerance limits for salt, fat and saturated fatty acids. Foods were distributed by food categories (e.g. snacks,
ready-to-eat meals, potato and potato-products, bakery and pastry products) and a total of 209 products were
analysed. Only half of the samples with a declared value ≥1.25 g/100 g were within tolerance limits for salt
content. The lowest number of samples outside tolerance limits was observed for fat content; for saturated fatty
acids, 27% of the samples were outside of tolerance limits. Only amongst “cereal products” were 100% of
products compliant for fat and salt declarations. It is of utmost importance that manufacturers update continuously values declared for prepacked foods, because this information is crucial for consumers and food policymakers as well as being a legal requirement.

1. Introduction
Some consumers are more aware of the relationship between diet
and health, and their dietary choices, as well as a healthy lifestyle, and
these are increasingly important to them (Miller & Cassady, 2015). In
fact, this is also a concern for policy-makers, because scientiﬁc evidence
indicates that healthy diets and lifestyles are important not only for
individuals, but impacts public healthcare expenses and productivity
(Albert, 2010).
The European Strategy for Prevention and Control of Non-communicable Diseases 2012–2016 recommends: (i) promoting healthy consumption through ﬁscal policies and marketing controls; (ii) eliminating trans fatty acids from processed foods and replacing them with
polyunsaturated fats; and (iii) reducing diet salt intake to less than 5 g
(2000 mg sodium) per person per day (World Health Organization,
2012). Thus, food authorities worldwide have established regulations
for nutritional labelling, as a public health tool. In 1985, and subsequently amended, the Codex Alimentarius Commission adopted Guidelines on Nutritional Labelling, providing consumers with reliable information about the nutritional proﬁle of products on the market. Later,
other countries developed mandatory nutritional labelling standards
and initiated approaches for speciﬁed foods and products bearing nutrition and health claims, including the European Union (European

⁎

Parliament and Council of the European Union, 2011; Codex
Alimentarius, 2013; Talati et al., 2017).
Codex Alimentarius aims to contribute to global harmonisation of the
food law and, ultimately, overcome the complexity of international
trade in food (Frohlich, 2017). Codex Alimentarius Commission has established guidelines and/or regulations on nutrition labelling to help
protect consumers. More speciﬁcally, the purpose of label information
is to help consumers understand the nutritional proﬁle and quality of
products and, hence, make better dietary decisions, based on the information provided and public health advice (Cheftel, 2005; Kleef &
Dagevos, 2015).
Nutritional labelling is a societal compromise, where food manufactures are challenged to develop and/or reformulate products to
achieve a favourable nutritional proﬁle e.g. reduced salt or sugar contents (Hawley et al., 2013). In exchange, provided the industry ensures
nutritional labelling is accurate, the competitiveness of products increases (Kok & Radzi, 2017).
In Europe, increased awareness amongst some consumers and improved transparency by the food industry have, together, resulted in a
comprehensive regulatory framework (Kasapila & Shaarani, 2016).
Outside EU, diﬀerent label requirements have been adopted in the
United States and Canada, Mexico, Australia and New Zealand, China,
and MERCOSUR Member States (Argentina, Brazil, Chile, Colombia,

Corresponding author at: Department of Food and Nutrition, National Institute of Health Dr. Ricardo Jorge, I.P., Av. Padre Cruz, 1649-016 Lisbon, Portugal.
E-mail address: helena.costa@insa.min-saude.pt (H.S. Costa).

https://doi.org/10.1016/j.foodchem.2019.125330
Received 3 April 2018; Received in revised form 1 August 2019; Accepted 4 August 2019
Available online 05 August 2019
0308-8146/ © 2019 Elsevier Ltd. All rights reserved.

Food Chemistry 302 (2020) 125330

T.G. Albuquerque, et al.

large numbers of new products, and the cost of time-consuming analyses, as well as the demographics of the European food manufacturing
base, means most producers choose to calculate nutritional composition
(Machackova et al., 2018), although few have the knowledge to undertake such a nuanced approach.
Foods are naturally subject to compositional changes due to a
variety of factors from production to consumption. Thus, it is not possible to guarantee the precise amounts of nutrients in any batch of
products. However, diﬀerences between declared values should not
deviate substantially from actual nutrient content in order to avoid
misleading the consumer (European Commission, 2012). Therefore, in
2012, the EC released a guidance to EU MS authorities and food business operators on acceptable tolerances for nutrition labelling purposes
(European Commission, 2012).
The aim of this work was to evaluate compliance between declared
and analysed values in prepacked foods, considering permitted tolerance limits for salt, fat and saturated fatty acids (SFA).

Ecuador, Paraguay, and Uruguay); others follow Codex Standards
(Kasapila & Shaarani, 2016). For instance, in Brazil and China, Codexbased nutrition labelling became mandatory in 2001 and January 2013,
respectively (Block, Arisseto-Bragotto, & Feltes, 2017; Huang et al.,
2016).
European legislation also sought to harmonise EU Member State
(MS) laws to allow free circulation of products and maintain conditions
within the internal market (Edinger, 2016). Regulation (EC) No. 178/
2002 of the European Parliament and of the Council of 28 January 2002
as General Food Law (Edinger, 2016) established a higher standard in
protection of human life and health within EU countries across food
systems: production, processing and distribution (European Parliament
and of the Council of the European Union, 2002). However, the European Commission (EC) identiﬁed irregularities in the presentation of
label information amongst EU MS. Thus, on 25 October 2011, EC
Regulation (EU) No. 1169/2011 was published on the provision of food
information to consumers, setting out common deﬁnitions, principles
and procedures (European Parliament and Council of the European
Union, 2011). Above all, the Regulation states that food information
should not mislead consumers about the nature, characteristics, and
food eﬀects (European Parliament and Council of the European Union,
2011). This Regulation is applicable to all EU MS and has entered into
force on 13 December 2016. Fig. 1 shows the mandatory information on
labels of prepacked foods and optional information concerning nutrition declarations.
Nutritional labelling should provide information about the composition of products, allowing consumers to make an informed, healthy
choice (European Parliament and Council of the European Union, 2011;
Himmelsbach, Allen, & Francas, 2014). In accordance with the Regulation (EU) No. 1169/2011 Article 31 Item 4, “declared values shall be
average values based on: the manufacturer’s analysis of the food or a calculation from the known or actual average values of the ingredients used or a
calculation from generally established and accepted data”.
The most accurate method to determine nutritional composition is
chemical analysis, preferably undertaken by an accredited laboratory
that participates in proﬁciency testing schemes (Costa, Vasilopoulou,
Trichopoulou, & Finglas, 2010; Machackova et al., 2018). However,

2. Materials and methods
2.1. Overall design, sampling and data collection
Between 2015 and 2016, 209 prepacked food products available in
Portugal were acquired from diﬀerent stores (supermarkets, retail
stores and take-away restaurants) (Albuquerque, Santos, Silva, Oliveira,
& Costa, 2018). Whenever possible, foods from diﬀerent brands and
retailers were selected. On receiving the products at the laboratory, an
Excel® spreadsheet was completed including the following information:
(i) food identiﬁcation and description; (ii) place, date and time of collection; (iii) list of ingredients; and (iv) nutrition declaration. More
information is available in the Supplementary material.
The samples included prepacked foods from the major food categories, namely snacks (n = 13; corn chips, sweet and salty popcorn);
fast-food products (n = 15; burgers, pizzas); nuts and oilseeds (n = 29);
cereal products (n = 12; granola, muesli, cereal bars, breakfast cereals);
ready-to-eat meals (n = 33); sauces (n = 4); potato and potato-products
(n = 20; potato chips, French fries); bakery products (n = 24;

Nutrition declaration inf ormation
Name of the
food

Optional

Mandatory

Mono-unsaturates;
polyunsaturates; polyols;
starch; f ibre; any of the
vitamins or minerals

Energy value; and the
amounts of f at,
saturates, carbohydrate,
sugars, protein and salt

Nutrition
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List of
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Volume of
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(beverages
containing
more than
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Instructions
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the business
operator

Any special
storage
conditions
and/or
conditions of
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Data of
minimum
durability or
the 'use by'
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Fig. 1. List of mandatory food information for prepacked foods and list of mandatory and optional nutrients for the nutrition declaration according to Regulation
(EU) No. 1169/2011.
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manufacturers’ websites. For salt, if the values were reported as sodium,
these were multiplied by 2.5 to obtain the corresponding salt content
(European Parliament and Council of the European Union, 2011).
Considering the EC guidance document with respect to setting of tolerances for nutrient values declared on product labels, the ﬁrst step in
comparison was to apply rounding guidelines to the declared values
(European Commission, 2012). For example, if the value for fat was
12.6 g, rounding rules state no decimals and, therefore, the declared
value should be 13 g. The second step was to calculate upper and lower
bounds of these rounded values. For example, continuing with the
previous value for fat (13 g), the lower and upper bounds are 12.5 g and
13.4 g, respectively. The third step was to calculate lower and upper
tolerances, considering established tolerances for foods (European
Commission, 2012), including measurement uncertainty, since manufacturers did not provide an uncertainty range for any of the selected
products. For a total fat declared value of between 10 g and 40 g per
100 g of food, the tolerance is ± 20%. Therefore, the analytical value
must be 13 ± 20% (10 g and 16 g) per 100 g of food. The fourth step
was to compare declared and analytical values in order to evaluate
which were within or beyond tolerance limits. Finally, declared values
were analysed with respect to any deviation. For example, if the label
value was greater than the analytical value, it was considered an overestimation.
In the present study, samples were also grouped into nine categories
(snacks; fast-food; nuts and oilseeds; ready-to-eat meals; cereal products; sauces; potato and potato-products; bakery products; and pastry
products), taking into account the main ingredients and features of the
selected foodstuﬀs. A detailed analysis of compliance with EU tolerance
limits was also carried out.

croissants, sweet and salty breads, cakes); and pastry products (n = 59;
cookies, biscuits and wafers). All the items were stored in accordance
with the label instructions.
A composite sample of approximately 1 kg was prepared using at
least three units. The selected products were homogenised in a blender
(GM200, RETSCH, Germany) at 5000 rpm for 1 to 3 min, depending on
the food matrix (Albuquerque et al., 2018). Then, samples were stored
based in their perishability (e.g. high perishable foods were frozen at
−20 °C) until analysis.
2.2. Reagents and standards
All chemicals and reagents were of analytical grade. Hydrochloric
acid, nitric acid, n-heptane, methanol, potassium hydroxide, potassium
ferrocyanide, potassium thiocyanate, zinc acetate and silver nitrate
were purchased from Merck (Darmstadt, Germany). Petroleum ether
40-60° was purchased from Panreac (Barcelona, Spain). Fatty acids
methyl esters standards (FAME Mix C4:0–C24:0, and Linoleic acid
methyl ester mix, Supelco®, Pennsylvania, CA, USA) were acquired at
Sigma-Aldrich (Madrid, Spain). Ultrapure water was prepared using a
Milli-Q ﬁlter system (Millipore, Bedford, MA, USA).
2.3. Analytical methods
The salt content was determined using Charpentier-Volhard’s titration (Albuquerque, Sanches-Silva, Santos, & Costa, 2012). This method
determines salt content based on the concentration of chloride ions titrated with silver nitrate solution. Sodium chloride was estimated from
the amount of chloride ion, as determined by the end-point of titration.
Total fat was obtained using acid hydrolysis followed by extraction
using a Soxhlet apparatus (Soxtec™ 2050, Auto Fat Extraction System,
FOSS Analytical, Hilleroed, Denmark) with petroleum ether 40–60°, as
the extraction solvent. The residue was dried for 1 h 30 min at
101 ± 2 °C, until constant weight, according to the acid hydrolysis
method (AOAC 948.15, 2000; Albuquerque, Santos, Sanches-Silva,
Oliveira, Bento, & Costa, 2016).
To determine fatty acids composition, a cold transesteriﬁcation
method with a methanol solution of potassium hydroxide (2 M) followed by gas chromatography analysis was performed according to the
ISO 5509:2000 and Commission Regulation (EC) N° 796/2002, with
slight modiﬁcations (Commission Regulation, 2002). This method is
based on the conversion of fatty acids naturally present in foods into
fatty acids methyl esters (Albuquerque, Oliveira, Sanches-Silva, Bento,
& Costa, 2016). For the conversion of fatty acid methyl esters into their
fatty acids, AOAC 996.06 was used (AOAC, 2000).
A gas chromatograph (Hewlett Packard 6890 series GC-Systems,
Waldbronn, Germany) coupled to ﬂame ionization detector was used. A
stabilised polyphase (90% biscyanopropyl/10% cyanopropylphenyl siloxane; 100 m × 0.25 mm i.d., 0.2 µm ﬁlm thickness) Supelco® 2560
column (Supelco®, Sigma-Aldrich) was employed. Helium was used as
carrier gas at 1.0 mL/min ﬂow rate. The split ratio was 1:50. The oven
temperature was programmed as follows: 60 °C for 1 min, then to 168 °C
at 17 °C/min, held for 28 min, then to 235 °C at 4 °C/min and, ﬁnally,
held for 15 min. The peaks were identiﬁed by comparison of retention
times with their standards.
For quality assurance purposes, the following reference materials
were used: NIST® SRM® 1548a Typical Diet and NIST® SRM® 1546a
Meat Homogenate. Each sample was analysed in triplicate and chromatographic analyses performed in duplicate. Salt, fat and fatty acids
contents are expressed as g/100 g of edible portion on a fresh weight
basis.

3. Results and discussion
Most of the processed foods are recognised as sources of salt and fat,
speciﬁcally SFA and trans fatty acids. Therefore, in recent years, great
attention has been devoted to foods of this type and diﬀerent countries
have performed a variety of actions to produce healthier foods, i.e. with
lower salt and trans fatty acids contents (Mouratidou, Livaniou,
Saborido, Wollgast, & Caldeira, 2014; World Health Organization,
2013).
In our study, 209 food products were analysed for salt, fat and fatty
acids (saturated, monounsaturated, polyunsaturated and trans fatty
acids). Not all of these samples were used to evaluate compliance with
EU tolerance limits since some values were missing. For instance, for
salt, 78.0% (n = 163) of foods were checked while for total fat and SFA
85.6% (n = 179) and 79.9% (n = 167) of selected products, respectively, were considered. For some of these products the information was
missing because nutrition declaration was voluntary before 13
December 2016 and the products entered in the food chain before this
date (European Parliament and Council of the European Union, 2011).
In this work, compliance between declared values and analytical
values was performed for salt, fat and SFA because these are mandatory
parameters of European nutritional labelling (European Parliament and
Council of the European Union, 2011). Regarding trans fatty acids, it
was only at the end of 2018 that the Commission published a draft
Commission Regulation, amending Annex III to Regulation (EC) No
1925/2006 of the European Parliament and of the Council, considering
the content of trans fat, other than trans fat occurring naturally in animal fat, stating foods intended for the ﬁnal consumer shall not exceed
2 g per 100 g of fat.
In 2011, the EC White Paper highlighted nutrients with negative
impact on public health, such as saturated fat, sugars or sodium, and
introduced a mandatory standardised presentation (European
Parliament and Council of the European Union, 2011). However, Regulation (EU) No. 1169/2011 adopted salt in preference to sodium, because salt is more readily understood by consumers and does not require any further manipulation (European Parliament and Council of

2.4. Comparison of labelled and determined analytical values
Labelled or declared values for salt, fat and SFA (in g/100 g) were
obtained based on the manufacturers’ label declarations or from the
3
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outside the tolerance for the declared value, such as natural variation of
the nutrient (e.g., by the inﬂuence of seasons), nutrient lability, and
rates of degradation of nutrients in a speciﬁc food matrix (e.g., vitamin
C) (European Commission, 2012). Other reasons to be considered are
analytical variability and sampling procedures (European Commission,
2012).
In the EU, calculation methods are a legally acceptable process for
nutritional labelling (European Parliament and Council of the European
Union, 2011). However, manufacturers can also have products analysed
by laboratories, external or in-house. However, in 2017, Kok and Radzi
(2017) presented reasons that can cause non-compliance between determined and labelled nutrient values, not least (1) methodologies applied in the determination of the nutrients content, despite following
standard AOAC methods and (2) samples preparation and homogeneity,
which are of particular importance, since these can lead to false results,
especially in canned foods, where the solids may be or not be separated
from the liquid in the nutritional analysis.
Overall, in our study, declared values for fat content were least
likely to be non-compliant; 88% of products were in compliance for fat
compared to 74% for salt and 73% for SFA.
For salt, the established tolerance limits are ± 0.375 g, if the food
has a content < 1.25 g/100 g, and ± 20% if the food has a salt content
≥1.25 g/100 g (European Commission, 2012). With respect to the declared values for salt, 26% (42 out of 163) of the products were not in
compliance with EU tolerance limits, i.e. on analysis, foods contained
salt concentrations that deviated signiﬁcantly from declared values.
More speciﬁcally, those with a declared content of ≥1.25 g of salt/
100 g had the most products (52%) outside tolerance limits (Fig. 2).
Considering the nutrients under analysis, all food categories had the
highest percentage of products within the tolerance limits for salt, except fast-food and nuts and oilseeds (Fig. 3).
Three tolerance limits have been set for fat content, based on declared values (European Commission, 2012). For instance, tolerance
limits for foods containing 10 g fat per 100 g are ± 2 g; for those
products with fat contents 10–40 g/100 g or > 40 g/100 g, tolerance
limits are ± 20% or ± 8 g, respectively (European Commission, 2012).
With respect to fat contents, samples selected for this study were allocated to one of three groups, according to their declared fat content: < 10 g/100 g (n = 39, 21.8%); 10–40 g/100 g (n = 118; 65.9%);
and > 40 g/100 g (n = 22, 12.7%). Our results showed that foods with
fat contents ranging from 10 to 40 g/100 g were most compliant (92%,
108 out of 118). For the other groups, < 10 g and > 40 g/100 g, 18% of
foods were outside tolerance limits (Fig. 2). The highest percentage of
foods with fat values outside the tolerance limits were observed in fastfood (45%) followed by ready-to-eat meals (24%) and snacks (15%)
while, for SFA, it was snacks (54%), fast-food (50%) and ready-to-eat
meals (38%) (Fig. 3).
The values declared for fat in all cereal products and sauces were in
agreement within tolerance limits. This category of food has been under
public scrutiny over recent years, due to their high content in added
sugars, saturated fat, and salt (Williams, 2014). Therefore, food business operators have been reducing these nutrients. For example, in
bread, cheese, chips, soups, and sauces, salt reduction has been between
10 and 40% (Kloss, Meyer, Graeve, & Vetter, 2015). The tolerance limit
for SFA is ± 0.8 g, if the declared value is less than 4 g/100 g, and ±
20%, if the declared value is greater than or equal to 4 g/100 g. In our
study, 110 of the foods (65.9%) had declared SFA contents ≥4 g/100 g.
However, the percentage of declared values within and beyond tolerance limits was very similar for both groups. For instance, 26% of foods
with declared SFA values < 4 g/100 g were outside the tolerance limit
while, for the foods with a declared value ≥4 g/100 g, 27% were outside the tolerance limit (Fig. 2).

the European Union, 2011). Nutritional policies aimed at decreasing
salt intake have been growing. Indeed, Members of the World Health
Organization (WHO), like Portugal, have agreed a global reduction in
salt intake of a 30% by 2025 as a priority to reduce non-communicable
diseases. To that end, mandatory targets, such as salt in bread, have
been introduced in several countries and regions as well as programmes
in partnership with the food industry to reduce the salt content of other
processed foods (Webster, Trieu, Dunford, & Hawkes, 2014).
The most accurate method for measuring salt concentrations is
chemical analysis. Values in food products are useful for diﬀerent sectors involved in reduction of salt intake, such as health professionals,
governments, and food industry. They also help the industry identify
products for reformulation (Dunford et al., 2012) as well as stimulating
engagement in such task. Currently, processed foods are the primary
sources of dietary salt. In fact, 75–80% of salt intake comes from processed products rather than salt added during cooking (10–15%) whilst
naturally occurring salt contributes only 5–10% of total dietary salt
intake (Dötsch-Klerk, Goossens, Meijer, & Van Het Hof, 2015).
WHO recommends not more than 5 g of salt for adults (corresponding to 2 g of sodium) per day (Dötsch-Klerk et al., 2015) whilst
Regulation (EU) No. 1169/2011 established 6 g of salt as daily reference intake for an adult (European Parliament and Council of the
European Union, 2011). Nevertheless, in many countries, the average
daily salt consumption is estimated to vary between 9 and 12 g (DötschKlerk et al., 2015). Amongst the samples collected for this study, the
salt content varied between < 0.01 and 4.58 g/100 g (mean
value = 0.970 g/100 g). Most foods analysed (59%) had salt contents
less than 1 g/100 g. In the food categories, mean salt content increased
in the order: cereals (0.400 ± 0.2 g/100 g) > cookies, biscuits and
wafers (0.718 ± 0.5 g/100 g) > bakery products (0.758 ± 0.5 g/
100 g) > nuts and oilseeds (0.875 ± 0.8 g/100 g) > ready-to-eat
meals
(1.03 ± 0.2 g/100 g) > potato
and
potato
products
(1.11 ± 0.8 g/100 g) > fast-food
(1.31 ± 0.3 g/100 g) > sauces
(1.97 ± 0.4 g/100 g) > snacks (2.09 ± 1.2 g/100 g).
Over-consumption of foods with high fat and SFA contents is associated with poor health outcomes (Kraak, Swinburn, Lawrence, &
Harrison, 2014). Total fat contents ranged from 1.89 to 67.3 g/100 g
(mean value = 21.0 g/100 g) with the highest values determined for
nuts and oilseeds (42.2 ± 17.1 g/100 g), sauces (29.9 ± 6.4 g/100 g)
and snacks (22.5 ± 8.6 g/100 g). However, predictably, nut and oilseeds did not contain the most SFA (5.06 ± 2.3 g/100 g), which is why
it is important to evaluate the type of fat, i.e. in this case, nuts and
oilseeds contain mainly unsaturated fatty acids that are linked with
health beneﬁts.
In 2012, the EU Framework for National Initiatives on Selected
Nutrients introduced saturated fat as a target for reduction initiatives. It
was proposed that intakes of saturated fat should be reduced by at least
5% (in 4 years, 2016) and a further 5% by 2020 (Fuster, 2016). For an
average adult, the reference SFA intake is 20 g and 70 g of total fat
(European Parliament and Council of the European Union, 2011). For a
healthy diet, intakes of SFA should be as low as possible. In our study,
around 62% of foods had a SFA content ≥4 g/100 g. Cookies, snacks
and bakery products were the categories with the highest values, speciﬁcally 8.52 ± 4.1, 7.83 ± 5.2 and 7.06 ± 3.4 g/100 g, respectively.
3.1. Compliance with EU tolerance limits
Tolerances refer to acceptable diﬀerences between nutrient values
declared on the label and those established in the course of oﬃcial
controls, as stated in Regulation (EU) No. 1169/2011 (European
Commission, 2012). Tolerance limits make allowances for the natural
variations in ingredients and ﬁnal products, but the actual amounts
may not vary signiﬁcantly from the value declared on the label
(European Commission, 2012). According to the Guidance Document
there are several factors to take in account when measured values are

3.2. Over- and underestimation within the declared values
Accuracy of nutritional labels is essential for consumers who want
4
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Fig. 2. Prepacked processed foods for which the declared values for salt, fat and saturated fatty acids (SFA) are within or outside the EU tolerance limits.

are in line with recommendations (Fig. 4). Furthermore, in six out of
nine food categories, declared values for salt content were over-estimated (Fig. 5). However, the percentages of under-estimated values
were 59% and 70% for foods with a declared salt contents < 1.25 g and
≥1.25 g/100 g, respectively.
In our study, 58% (103 out of 179) of declared fat values were
under-estimated. It is noticeable that, for fat values, all groups (fat
content < 10 g; 10–40 g and > 40 g) had the highest percentage of
foods with declared values lower than amounts determined analytically, especially those foods with declared values < 10 g/100 g (74% of
under-estimated values). Only fast-food, potato and potato-products,
and bakery products categories declared over-estimated values,
meaning that analytically determined values of other food categories
were higher than the declared values (Fig. 5), which is not in line with
the recommendations.
For the foods with SFA declared values less than 4 g/100 g, 61%
were over-estimated while, for SFA content ≥4 g/100 g, this increased
to 72% (Fig. 4). All the categories in our study had over-estimated SFA
declared values, as per recommendations.
The issues identiﬁed in our study are not unique to Europe. An assessment of the accuracy of nutritional labelling in 30 products present

to control energy and nutrients intakes (Jumpertz et al., 2013). For
instance, individuals that are in a programme of weight loss and/or
maintenance, energy and fat intakes can be useful information
(Jumpertz et al., 2013). Likewise, for salt, the accurate label nutrition
declaration is extremely important for individuals that control the salt
intake due, for example, to chronic diseases that require low sodium
diets. Furthermore, in accordance with the Guidance Document, “for
nutrients where consumers are generally interested in reducing their intakes
(such as fats, sugars and salt/sodium), the declared values should not be
established at the lower tolerance range” (European Commission, 2012).
Therefore, ideally, declared values for salt, fat and SFA should be above
analytically determined and/or estimated and/or calculated values.
In our study, evaluation of over- or under-estimated declared values
by food categories, showed that, for fast-food and potato and potatoproducts, all declared values were over-estimated, i.e. declared values
for salt, fat and SFA were higher than analytically determined values, as
per recommendations. However, sauces had the highest percentage of
under-estimated declared values for fat (100%) and salt (75%) while,
for SFA, values for pastry products were under-estimated (44%).
For salt content, 63% (103 out of 163) of declared values were overestimated in relation to analytically determined values, meaning they

Fig. 3. Prepacked processed foods by categories for which the declared values are within or outside the EU tolerance limits for salt, fat and saturated fatty acids
(SFA).
5
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Fig. 4. Prepacked processed foods that have under-estimated or over-estimated declared values for salt, fat and saturated fatty acids (SFA) in comparison with
analytically determined values.

Fig. 5. Prepacked processed foods by categories that have under-estimated or over-estimated declared values for salt, fat and saturated fatty acids (SFA) in comparison with analytically determined values.

4. Conclusions

in the Australia market was carried out in 2006 (Fabiansson, 2006).
Signiﬁcant diﬀerences between the analysed and the declared values
were found, averaging between −13% and +61% (tolerance limits
are ± 20%). A later study, by the Food Standards Australia New
Zealand, examined 165 food products obtained from Australian retail
outlets and showed that 85% of products presented sodium contents
less than or within 20% of the label claim (Cunningham & Sobolewski,
2011). In comparison, veriﬁcation of label compliance for sodium
content of processed foods selected from Brazilian market showed high
rates of non-compliance between chemical analysis and the labelled
value. Indeed, 13 of the 17 products analysed had sodium contents that
exceeded the nutrition declaration by more than 20% (Ribeiro, Ribeiro,
Vasconcelos, Andrade, & Stamford, 2013). Fitzpatrick et al. (2014)
analysed the accuracy of Canadian food labels for calories, trans fat,
saturated fat, and sugar and showed that actual sodium content of food
was higher (≈18%) when compared to the declared values meaning an
underestimation trend of the declared values for that nutrient
(Fitzpatrick et al., 2014).

WHO recognised product reformulation as a viable approach for
food industries to participate, with health organisations, in the reduction of salt, sugar, and fat intakes. It is a challenge to reduce, for example product salt content, without compromising sensory characteristics and/or shelf-life and consumer acceptance and technological
alternatives are limitations that have to be considered. Regardless, in
the EU, the legislative framework requires that information provided to
consumers is not misleading, which includes nutrient values declared
on packaging. A snapshot of actual fat, saturated fat, and salt contents
as well as compliance with EU tolerance limits between declared and
analysed values are presented in this work. Considering the results,
additional eﬀorts are still needed to ensure better compliance of declared values, especially for fast-food and snacks. Also, monitoring of
other food categories and through time is advisable. In the meantime,
authors also recognize that the results reported are noteworthy for
consumers, public health organisations, and the food industry.
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