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ABSTRACT
An increased consumption of ultra-processed foods (UPF) leads to a rising prevalence of chronic 
noncommunicable diseases. This study aims to characterise the nutrient profile of white-label 
pre-packaged foods and bakery products available in a market leader Portuguese food retail 
chain, according to the extent of processing proposed by NOVA classification system. The nutrient 
profile (energy, sugar, total fat, saturated fat and sodium) according to processing degree was 
analysed using non-parametric tests. UPF were the most energy dense (278 kcal/100 g, p  <  .001) 
and the highest in sugar (15.9 g/100 g, p  <  .001). Processed foods were the highest in sodium 
(538 mg/100 g, p < .001). Processed and UPF showed significantly higher total (12.4 and 10.8 g/100 g, 
respectively) and saturated fat content (6.10 and 4.61 g/100 g, respectively) than unprocessed/
minimally processed foods (p  <  .001). Regarding the variation of the nutritional value across the 
extent of processing, different results were observed for some categories suggesting the importance 
of a stratified analysis. The consumption of less processed foods and the manufacture of processed/
UPF with better nutrient profile should be promoted.

Introduction

Eating patterns have changed in the last decades and 
continue to change rapidly, as food products have 
become commodities produced and traded in a market 
that has expanded from an essentially local base  
to an increasingly global one (World Health 
Organization 2003).

Changes in the world food economy contribute to 
this shift in dietary patterns, characterised by increased 
consumption of industrialised foods and animal prod-
ucts in detriment of homemade options based on 
vegetables, whole grains and legumes (World Health 
Organization 2003). The former are usually charac-
terised as being energy dense foods with high contents 
of saturated fat, free sugar and sodium, and low in 
fibre and potassium (Mannar et  al. 2020).

As a reflection of these changes, there has been a 
growing effort to develop tools that group foods 
according to their nutrient profile or extent of pro-
cessing, that enables the study of the relation between 
food consumption and health outcomes. One of the 
systems largely used to classify foods by degree of 
processing is the NOVA food classification system 

(Monteiro et  al. 2010; Monteiro, Cannon, Lawrence, 
et  al. 2019). NOVA divides food into four groups 
(unprocessed or minimally processed, processed culi-
nary ingredients, processed foods, and ultra-processed 
foods (UPF)). UPF are formulations of ingredients, 
mostly of exclusive industrial use, that result from a 
series of industrial processes. They are characterised 
by the fractioning of whole foods into substances, 
with the subsequent assembly of these unmodified 
and modified food elements using industrial tech-
niques, and the addition of cosmetic additives. They 
are made to be convenient, low priced and 
hyper-palatable and, therefore, prone to displace the 
consumption of unprocessed or minimally processed 
foods and homemade cooked meals (Monteiro, 
Cannon, Levy, et  al. 2019).

In this context, considering that both price, con-
venience and flavour are demanding characteristics 
for consumers’ choice (Glanz et  al. 1998; Roos et  al. 
2012), a growing consumption of UPF has been 
observed. In Portugal, the average household avail-
ability of UPF was 10.2% in 2000 (Monteiro et  al. 
2018). A more recent study (2015–2016) reported a 
contribution of UPF to daily energy intake of 24.0% 
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in adults and 16.0% in elderly, reflecting an increase 
of the UPF intake with a concomitant displacement 
of the other groups (de Miranda et  al. 2021).

In line with this, recent studies have been focus-
ing on the impact of the consumption of UPF on 
health. Recent meta-analyses found positive asso-
ciations between the consumption of UPF and 
chronic noncommunicable diseases (NCDs) (Lane 
et  al. 2021; Pagliai et  al. 2021; Isaksen and Dankel 
2023), favouring its upward trend. This is partic-
ularly important given that currently, NCDs cause 
more deaths than all other causes combined and 
are projected to increase from 38 million in 2012 
to  52  mi l l ion  by  2030  (World  Hea lth 
Organization 2014).

Considering this shift in consumer’s intake and its 
impact on health, it is important to increase the 
knowledge on the nutritional value of foods available 
on the market that have been subjected to different 
degrees of processing. It is particularly relevant to 
know the composition of these foods regarding nutri-
tional parameters identified in the literature as risk 
factors for diet-related non-communicable diseases 
with worrying prevalence in the population, such as 
obesity, diabetes, hypertension and cardiovascular dis-
eases (Boniface and Tefft 2002; Basu et  al. 2013; 
Romieu et  al. 2017; Wang et  al. 2020). Therefore, this 
study aims to characterise the nutrient profile of 
white-label pre-packaged foods and bakery products 
available for sale in a Portuguese market leader food 
retail chain, focusing on energy, sugar, total fat, sat-
urated fat and sodium according to the extent of 
processing.

Materials and methods

A cross-sectional study was conducted, including a 
sample of white-label pre-packaged foods and bakery 
products available for sale in supermarkets from a 
market leader Portuguese food retail chain (European 
Supermarket Maganize 2023) with a nationwide cov-
erage, during 2020.

Food products’ selection and data collection

A database with nutritional information and list of 
ingredients of foods was provided by the food retail 
company regarding pre-packaged white-label food and 
bakery products available for sale in national super-
markets. Beverages, delicatessen, frozen food, dairy 
and alternatives, grocery products, prepacked vegeta-
bles and meals, desserts, and baked goods were 

included. Chewing gum and whole spices, usually not 
used for ingesting, were excluded, as well as alcoholic 
beverages, tea, coffee and coffee substitutes, due to 
lack of accurate nutritional information.

The nutritional information, namely energy (kcal), 
sugar (g), total fat (g), saturated fat (g) and salt (g), 
was presented per 100 g of product or 100 ml for bev-
erages. Missing values of nutritional parameters in 
the database were consulted in product labels directly 
in store.

Food classification

Food products were assembled into food categories 
using the World Health Organization’s (WHO) global 
sodium benchmarks for different foods, which divides 
food and beverages into 18 main food categories: (1) 
chocolate and sugar confectionery, energy bars, and 
sweet toppings and desserts; (2) cakes, sweet biscuits 
and pastries; other sweet bakery wares; and dry-mixes 
for making such; (3) savoury snacks; (4) beverages; 
(5) edible ices; (6) breakfast cereals; (7) yoghurt, sour 
milk, cream and other similar foods; (8) cheese; (9) 
ready-made and convenience foods and composite 
dishes; (10) butter and other fats and oils; (11) bread, 
bread products and crisp breads; (12) fresh or dried 
pasta, noodles, rice and grains; (13) fresh and frozen 
meat, poultry, game, fish and similar; (14) processed 
meat, poultry, game, fish and similar; (15) fresh and 
frozen fruit, vegetables and legumes; (16) processed 
fruit, vegetables and legumes; (17) plant-based food/
meat analogues; (18) sauces, dips and dressings (World 
Health Organization 2021). An additional food cate-
gory for culinary ingredients (19, culinary ingredients) 
was created.

Categorisation of food products according to the 
extent of processing was performed using the NOVA 
food classification system (Monteiro, Cannon, 
Lawrence, et  al. 2019; Monteiro, Cannon, Levy, 
et  al. 2019).

Data analysis

A total of 1489 food products were considered for 
analysis and descriptive statistics were performed for 
food categories and NOVA groups.

Processed culinary ingredients (group 2 of NOVA 
classification), which include, among others, salt, oils 
and sugar, were excluded from the analysis of nutrient 
profile according to food categories and degree of 
processing (N  =  41), remaining 1448 food products 
for the final analysis.
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As the retail company has different manufacturers 
that produce bakery products with the same designa-
tion, but with different nutritional content, the average 
of the diverse nutritional compositions was used. 
Sodium was obtained from salt, considering 1 g salt 
equals 400 mg of sodium.

Normality tests were performed for nutrients. For 
studying nutritional parameters according to the 
degree of processing and food categories, Mann–
Whitney and Kruskal–Wallis tests were performed (n 
> 5), as applicable. For Kruskal–Wallis’s multiple com-
parisons, stepwise-stepdown comparisons were applied, 
and the Mann–Whitney test was used to describe 
which groups were significantly different on each 
parameter. A significance value of .05 was considered. 
Means and standard deviation (SD) were used to 
describe contents of energy (kcal), sugar (g), total fat 
(g), saturated fat (g) and sodium (mg), per 100 g or 
100 ml of product, as appropriate.

Associations between nutrients were assessed using 
Spearman’s correlation coefficient. Statistical analysis 
was performed using IBM SPSS Statistics v27 
(Armonk, NY).

Results

A total of 1489 pre-packaged foods and baked goods 
were analysed, of which 65.7% were ultra-processed, 
16.2% were processed, 15.3% were unprocessed or 
minimally processed and 2.8% were processed culinary 
ingredients (Figure 1).

Cakes, sweet biscuits and pastries represented the 
largest food groups’ contributor to this brand’s food 
availability, while the least available food group was 
plant-based food/meat analogues, accounting respec-
tively for 14.6% and 0.3% of all foods analysed 
(Figure 2).

Figure 3 illustrates the distribution of foods 
within each category by degree of processing. The 
categories providing the largest percentage of UPF 
were edible ices (100%), plant-based food/meat ana-
logues (100%), cakes, sweet biscuits and pastries 
(98.2%), chocolate and sugar confectionary, energy 
bars and sweet toppings and desserts (96.7%), break-
fast cereals (94.1%), bread and bread products 
(92.2%), ready-made and convenience foods (90.4%) 
and yoghurt, sour milk, cream and similar (88.3%). 
On the contrary, unprocessed or minimally pro-
cessed foods represented most of the following cat-
egories: fresh and frozen meat and similar (100%), 
pasta, rice and grains (98.0%) and fresh and frozen 
fruit, vegetables and legumes (97.6%). Cheese was 
the group with the highest proportion of processed 
foods (84.9%).

The nutrient profile of foods according to the 
degree of processing is described in Table 1. The 
group with the highest mean energy density was 
UPF, followed by processed foods, and unprocessed 
or minimally processed foods (278 vs. 231 vs. 
214 kcal/100 g, respectively; p  <  .001). Sugar content 
was also highest in UPF, followed by unprocessed 
or minimally processed foods, and processed foods 

Figure 1. D istribution of food products by degree of processing (n  =  1489).
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Figure 2. D istribution of food products by food categories (n  =  1489). *(1) chocolate and sugar confectionery, energy bars, and 
sweet toppings and desserts; (2) cakes, sweet biscuits and pastries; other sweet bakery wares; and dry-mixes for making such; (3) 
savoury snacks; (4) beverages; (5) edible ices; (6) breakfast cereals; (7) yoghurt, sour milk, cream and other similar foods; (8) cheese; 
(9) ready-made and convenience foods and composite dishes; (10) butter and other fats and oils; (11) bread, bread products and 
crisp breads; (12) fresh or dried pasta, noodles, rice and grains; (13) fresh and frozen meat, poultry, game, fish and similar; (14) 
processed meat, poultry, game, fish and similar; (15) fresh and frozen fruit, vegetables and legumes; (16) processed fruit, vegeta-
bles and legumes; (17) plant-based food/meat analogues; (18) sauces, dips and dressings; (19) culinary ingredients.

Figure 3. D istribution of foods by degree of processing within each food category (n  =  1489). *(1) chocolate and sugar confec-
tionery, energy bars, and sweet toppings and desserts; (2) cakes, sweet biscuits and pastries; other sweet bakery wares; and 
dry-mixes for making such; (3) savoury snacks; (4) beverages; (5) edible ices; (6) breakfast cereals; (7) yoghurt, sour milk, cream 
and other similar foods; (8) cheese; (9) ready-made and convenience foods and composite dishes; (10) butter and other fats and 
oils; (11) bread, bread products and crisp breads; (12) fresh or dried pasta, noodles, rice and grains; (13) fresh and frozen meat, 
poultry, game, fish and similar; (14) processed meat, poultry, game, fish and similar; (15) fresh and frozen fruit, vegetables and 
legumes; (16) processed fruit, vegetables and legumes; (17) plant-based food/meat analogues; (18) sauces, dips and dressings; (19) 
culinary ingredients.
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(15.9 vs. 5.6 vs. 5.0 g/100 g, respectively; p  <  .001). 
Similar values for total fat and saturated fat were 
observed in processed foods and UPF (total fat: 12.4 
vs. 10.8 g/100 g; saturated fat: 6.10 vs. 4.61 g/100 g, 
respectively) but significantly different from the 
unprocessed or minimally processed foods (6.5 and 
1.45 g/100 g, of total and saturated fat, respectively; 
p  <  .001). Regarding sodium, processed foods pre-
sented the highest content, followed by UPF, and 
unprocessed or minimally processed with the lowest 
(538 vs. 521 vs. 49 mg/100 g, respectively; p  <  .001).

Regarding the variation of the nutritional value 
across extent of processing, different results were 
observed for some categories (Appendix A). Regarding 
the energy, unprocessed savoury snacks showed the 
highest mean energy content within this category (cat-
egory 3, p  <  .001). On the other hand, both unpro-
cessed and processed foods showed a highest mean 
energy content than UPF for beverages (category 4, 
p  <  .001). Processed cheese showed a higher mean 
energy content than UPF cheese (category 8, p  =  .029) 
(Appendix A, Table A1).

Regarding sugar, unprocessed and processed 
savoury snacks showed identical mean content, sig-
nificantly lower than UPF (category 3, p  <  .001). 
Specifically for beverages, the lowest sugar content 
was observed for UPF, followed by unprocessed and 
processed beverages (category 4, p  <  .001). Within 
category 7, processed yoghurts, cream and similar 
showed the highest mean sugar content (p  =  .002). 
For processed fruits, vegetables and legumes (category 
16), UPF showed a higher mean sugar content than 
processed foods (p  <  .001), but was not significantly 
different from unprocessed fruits, vegetables and 
legumes (Appendix A, Table A2).

Focusing on total fat, unprocessed savoury snacks 
(category 3) showed the highest fat content followed by 
processed and UPF snacks (p  <  .001). Within processed 
fruits, vegetables and legumes (category 16), UPF showed 
significantly higher fat content than foods with lower 
extent of processing (p  <  .001). Identical results were 

observed for sauces, dips and dressings (category 18) 
where UPF had a higher total fat content than processed 
ones (p  =  .010) (Appendix A, Table A3).

Specifically for saturated fat, UPF savoury snacks 
showed the lowest content comparing to snacks with 
lower extent of processing (category 3, p  =  .005). For 
both ready-made foods (category 9) and sauces, dips and 
dressings (category 18), UPF showed significantly higher 
saturated fat content than processed foods (p <  .001 and 
p =  .020, respectively). Unprocessed fruits, vegetables and 
legumes (category 16) showed a significantly higher sat-
urated fat content than foods with higher extent of pro-
cessing (p  <  .001) (Appendix A, Table A4).

Despite the highest sodium content observed for over-
all processed foods, UPF and processed savoury snacks 
(category 3) showed similar sodium content, significantly 
higher than unprocessed snacks (p  <  .001). Focusing on 
category 4, the highest sodium content was observed for 
unprocessed beverages, comparing to beverages with 
higher extent of processing (p  =  .009). UPF yoghurts 
showed the lowest sodium content (category 7, p =  .023), 
not significantly different from unprocessed ones. 
Opposite results were observed for ready-made foods 
and dishes (category 9) where UPF showed the highest 
sodium content, comparing to processed foods (p =  .002) 
(Appendix A, Table A5).

Statistically significant positive correlations were 
observed between energy and sodium (ρ  =  0.272, 
p  <  .001), total fat and sodium (ρ  =  0.429, p  <  .001) 
and saturated fat and sodium (ρ  =  0.423, p  <  .001). 
Statistically significant negative correlations were observed 
between sugar and sodium (ρ  =  –0.368, p  <  .001).

Discussion

Two-thirds of the pre-packaged and bakery products 
analysed were classified as ultra-processed. Even consid-
ering that no fresh foods, apart from bakery and 
pre-packaged vegetables, were included, it is still a large 
number, that reflects the rising in the availability of UPF 
in line with other countries (Luiten et  al. 2016). This is, 

Table 1. N utrient profile of foods according to processing degree (n  =  1448).
Energy (kcal/100 g)1 Sugar (g/100 g)1 Total fat (g/100 g) Saturated fat (g/100 g) Sodium (mg/100 g)

Degree of processing (NOVA) Mean  ±  SD

Unprocessed or minimally processed  
(n  =  228)

214  ±  184a 5.6  ±  7.9b 6.5  ±  14.8a 1.45  ±  4.86a 49  ±  54a

Processed (n  =  242) 231  ±  153b 5.0  ±  11.6a 12.4  ±  1.6b 6.10  ±  7.64b 538  ±  733c

Ultra-processed (n  =  978) 278  ±  151c 15.9  ±  18.1c 10.8  ±  11.8b 4.61  ±  5.57b 521  ±  1756b

p Value <.001 <.001 <.001 <.001 <.001

SD: standard deviation.
1Sample size was lower due to missing values in the following variables: energy (n  =  1446); sugar (n  =  1447).
a,b,c homogeneous subsets according to Mann–Whitney’s test, with 95% of confidence.
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however, not surprising, considering that the food cate-
gory that contributed most to the share of all food prod-
ucts available was cakes, sweet biscuits and pastries. 
These foods are often added cosmetic additives to 
enhance palatability and contain a variety of different 
sweeteners apart from sugar which place them in the 
UPF group. Also, it is interesting to note that the major-
ity of the categories that were almost entirely comprised 
of UPF were constituted by foods high in sugar, such as 
ice-cream, chocolate, candy and breakfast cereals, sup-
porting our results that showed that UPF were the largest 
source of sugar. This find is also supported by a previous 
study performed in Italy where the highest sugar content 
per 100 g was observed for ultra-processed breakfast cere-
als, comparing with cereals with a lower extent of pro-
cessing (Angelino et  al. 2023). Also, an association 
between increased consumption of UPF and higher sugar 
intake was found by Cediel et  al. (2018), Latasa et  al. 
(2018) and Martínez Steele et  al. (2016). UPF were also 
the most energy dense of the groups, which supports 
evidence linking the increasing consumption of these 
foods to the rising prevalence of obesity (Monteiro et al. 
2018; Vandevijvere et  al. 2019; Lane et  al. 2021; Pagliai 
et  al. 2021). A curious result was observed for sodium, 
since Phulkerd et  al. (2023) found that 94.3% of UPF 
products exceed the nutrient cut-off and, according to 
our results, UPF showed a lower mean sodium content 
than processed foods.

Our findings support that processed and UPF pres-
ent a less interesting nutrient profile than unprocessed 
or minimally processed ones, placing them in a more 
favourable position for the increased risk of NCDs 
(Rauber et  al. 2018; Machado et  al. 2019; Anastácio 
et  al. 2020; Delpino et  al. 2022). Also, by preforming 
a targeted analysis by food category, this study enables 
us to have some concrete evidence on the availability 
and nutritional value of the food on the market and 
reflect on what can be done to improve the quality 
of the food supply. Looking in detail at some differ-
ences in the nutritional value according to the degree 
of processing, within each food category, unprocessed 
or minimally processed savoury snacks were higher 
in fat compared to processed and ultra-processed 
ones. This apparently surprising finding is explained 
by the fact that this category comprised nuts and 
seeds, that are naturally high fat food sources. Another 
category that deserves a closer look is beverages. In 
fact, it was a very heterogeneous group. Water together 
with some natural fruit juices, without added sugar, 
and plain milk, classified as unprocessed or minimally 
processed were included in the group. On the other 
hand, nectars and fruit juices with added sugar were 
considered processed and soft drinks were placed in 

the UPF group. It is interesting to observe, that bev-
erages had the least amount of sugar, and, conse-
quently, were less energy dense, when they were 
ultra-processed, and this may be due to the tax on 
sugary drinks that forced the industry to swap part 
of the sugar used for sweeteners (Portuguese Republic 
2016). Taken together, these results suggest that the 
diversity of products included within each food cat-
egory is an important factor with impact on the over-
all nutrient profile of the category. In fact, differences 
in the nutritional composition within specific food 
categories were observed in other studies based on 
their extent of processing (Angelino et  al. 2023), but 
also depending on the type of production for pasta 
(Dello Russo et  al. 2021), the sub-type of meat ana-
logue (Cutroneo et  al. 2022) or the use of nutrition 
claims in packaged foods and beverages 
(Franco-Arellano et  al. 2018), revealing the impor-
tance of a stratified analysis by food category con-
taining a wide product diversity.

It is worth mentioning some limitations of this study. 
First, this study was restricted to the analysis of white-label 
food products, which may not represent the overall super-
market availability. Furthermore, the fact that it did not 
include fresh foods, apart from bakery products and 
pre-packaged vegetables, most likely overestimated the 
proportion of UPF. Nevertheless, we believe that this study 
allows us to have a view of a considerable part of the 
foods available on the Portuguese market, launching clues 
for a more comprehensive study in the future. Finally, for 
some foods, the salt content provided was rounded, which 
had impact on the sodium conversion, under or overes-
timating them according to the specific situations.

Despite being widely used, it is also important to 
discuss possible disadvantages of the NOVA food clas-
sification system. In addition to some subjectivity in 
terms of the ingredients and additives allowed in each 
of the groups, the most critical issue concerns the fact 
that nutritionally balanced and unbalanced foods coex-
ist in the same group (processed or ultra-processed). 
In fact, there is already a proposal for a tool based 
on NOVA, called SIGA, that addresses these criticisms 
and deserves to be explored (Davidou et  al. 2020).

To ensure that healthy and sustainably produced 
food is the most accessible, affordable and desirable 
choice for all, different stakeholders must work together 
to mainstream nutrition into all elements of the food 
system (Mannar et  al. 2020), while, at the same time, 
promoting consumer food literacy. Food industry plays 
an important role in producing and marketing health-
ier and more sustainable food products (Machado 
et  al. 2017; Hendriksen et  al. 2021) and we believe 
that it is possible to create nutritionally balanced 



International Journal of Food Sciences and Nutrition 7

products, even being classified as ultra-processed, 
focusing on the use of whole foods as the base.

Conclusions

Two-thirds of pre-packaged and bakery foods analysed 
were classified as ultra-processed, approximately 16% 
were processed and a minor percent of 15% were 
classified as unprocessed or minimally processed. The 
later proved to be less energy dense, lower in total 
and saturated fat, and sodium compared to foods 
subjected to a higher extent of processing. Increasing 
the availability of unprocessed whole foods, together 
with industrial food reformulations of targeted foods 
with higher extent of processing, may contribute to 
decrease the intake of sugar, fat and sodium, and thus 
improve health status individually and globally by 
reducing the prevalence of NCDs.
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