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Abstract
Objective: To elucidate which markers of ultra-processing (MUP) and their
combinations are best suited to detect ultra-processed food (UPF).
Design: The study was based on the 206 food and 32 beverage items of the Oxford
WebQ which encompass all major foods consumed in the UK. For each Oxford
WebQ question, ingredient lists of up to ten matching different commercial
products (n 2146) were researched online using data from the two market leaders
of groceries in the UK sorted by relevance (Tesco) and by top sellers (Sainsbury’s),
respectively. According to the NOVA classification, sixty-five MUP were defined,
and if the ingredient list of a food product was positive for at least one MUP, it was
regarded as UPF. The percentage of UPF items containing specific MUP was
calculated. In addition, all combinations of two to six different MUP were assessed
concerning the percentage of identified UPF items.
Setting: Cross-sectional analysis.
Participants: None.
Results: A total of 990 products contained at least one MUP and were, therefore,
regarded as UPF. The most frequent MUP were flavour (578 items, 58·4 % of all
UPF), emulsifiers (353 items, 35·7 % of all UPF) and colour (262 items, 26·5 % of all
UPF). Combined, these three MUP detected 79·2 % of all UPF products. Detection
rate increased to 88·4 % of all UPF if ingredient lists were analysed concerning three
additional MUP, that is, fibre, dextrose and firming agent.
Conclusions: Almost 90 % of all UPF items can be detected by six MUP.
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Ultra-processed food

Over the decades, the rising prevalence of obesity has
become a major public health threat that is increasingly
evident around the world(1). Obesity has a significant
impact on the global incidence of CVD, type 2 diabetes
mellitus, cancer, osteoarthritis, work disability and sleep
apnoea(1).

A strong positive link exists between the consumption of
ultra-processed food (UPF) and the risk of overweight and
obesity(2). UPF is defined as ready-to-consume or heat-up
food items high in fat, salt and sugar, as well as low in
dietary fibre, protein and micronutrients, usually packaged
attractively and marketed intensively(3). Ultra-processing is
used to create products that are convenient, hyper-
palatable, and highly profitable and can replace other
food groups(3). There is a substantial expansion in the types
and quantities of UPF sold worldwide, representing a

transition towards a more highly processed global diet(4).
Limiting highly processed food or UPF has been recom-
mended in several nutrition guidelines, including Brazil(5),
Canada(6), Ecuador(7), France(8), Israel(9), Japan(10), New
Zealand(11) and Peru(12).

Industrial food processing is assessed by the NOVA
classification, a food-rating scheme based on the extent and
purpose of processing and, thus, distance from nature,
which classifies food and food products into four
groups(3,13). Processing according to the NOVA classifica-
tion includes physical, biological and chemical methods
during the manufacturing process(3). Unprocessed and
minimally processed food together form NOVA group 1(13).
NOVA group 2 contains processed culinary ingredients like
oil, sugar and salt which are obtained from group 1 or
directly fromnature(13). Processed industrial productsmade
by adding those culinary ingredients belong to NOVA
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group 3(13). UPF is defined as NOVA group 4, and several
cosmetic additives, as well as non-culinary ingredients, are
exclusively found in this group(13). Cosmetic additives, for
example, flavours, colouring agents and sweeteners, make
the final products more palatable or appealing(13). Non-
culinary ingredients are food substances never or rarely
used in the kitchen, for example, varieties of sugars such as
dextrose or fructose, modified oils and protein sources
such as casein or soya protein isolates(13). The use of these
additives and ingredients can mask undesirable sensory
characteristics and improve sensory properties(13). A food
product is defined as NOVA group 4 if its ingredient list
contains at least one cosmetic additive or non-culinary
ingredient(13). Even in the absence of cosmetic additives or
non-culinary ingredients, a food item is also regarded as
UPF if some drastic processes are applied directly to the
food, for example, extrusion, hydrogenation, hydrolysa-
tion, moulding, pre-frying or puffing(3,13,14).

Focusing on cosmetic additives and non-culinary
ingredients has been suggested as one approach to
simplify the assessment of UPF(13). Davidou and
co-workers were the first to define a specific and
exhaustive list of markers of ultra-processing (MUP)
for the NOVA-based Siga classification(14). However,
more than 100 different MUP have been described(3,13,14)

which makes the detection of UPF difficult. Therefore,
the present study elucidates which MUP and combina-
tions of them are best suited to detect UPF in a UK food
market analysis.

Methods

Search strategy to select food products
All assessments concerning MUP were based on the
Oxford WebQ. The Oxford WebQ is an online dietary
questionnaire assessing food and beverage intake from
the previous day(15). Similar to a 24-h dietary recall by an
interviewer, the Oxford WebQ provides quantitative
information on all foods and beverages consumed(15). A
total of 206 food and 32 beverage items are assessed in the
Oxford WebQ(16). These food and beverage items
encompass all major foods consumed in the UK and,
therefore, the Oxford WebQ is best suited to study UK
populations(15). Food items are evaluated independent
from specific brands, for example, intake of ‘chocolate
biscuits (e.g. choc chip cookies, chocolate digestive
biscuits)’ is assessed but not consumption of specific
chocolate biscuits brands.

For each Oxford WebQ question, ingredient lists of up to
ten matching commercial products from the two market
leaders of groceries in the UK, that is, Tesco and
Sainsbury’s(17), were analysed. Online research within the
subcategories best matching the Oxford WebQ questions
was primarily done at Tesco (https://www.tesco.com/
groceries/en-GB) and in case of fewer than ten items found

there also at Sainsbury’s (https://www.sainsburys.co.uk/
shop/gb/groceries). Food products within the chosen
categories were sorted by relevance (Tesco) or by top
sellers (Sainsbury’s). The first ten products matching the
OxfordWebQquestionswere chosen. If different flavours of
the same brand, for example, chocolate and strawberry ice
cream of the same brand, were listed within these top ten,
they were included in the analysis. In case of fewer than ten
matching products found at Tesco and Sainsbury’s com-
bined, all available products were included in the analysis.

The Oxford WebQ has been developed and validated
for adult participants only(18–20). Accordingly, the Oxford
WebQ has been exclusively used in large studies with adult
participants(15). Therefore, food specifically targeting
children, for example, having the words ‘kids’ or ‘children’
on the packaging, was excluded from the present analysis.

Ingredient lists of food products
In total, 2146 different products were analysed in the
present study concerning the 238 Oxford WebQ items. If
no ingredient lists were given, a further internet search
was performed on www.amazon.co.uk and other
product information sites. For 310 food products, no
ingredient lists could be found. These include unproc-
essed meat, fish, fruit, vegetables, eggs, oils, nuts, and
seeds, as well as water and alcoholic beverages such as
wine and spirits. European law does not require
mandatory provision of ingredient lists for these types
of food(21). Items without ingredient lists were excluded
from further analysis. The ingredient lists of the
remaining 1836 food products were recorded.

MUPs
According to two recent publications by Monteiro and co-
workers(3,13), sixty-five MUP were defined based on nine
categories, that is, flavours, flavour enhancers, colouring
agents, sweeteners, processing aids, varieties of sugar,
modified oils, protein sources, and fibres, and their
individual compounds (see online Supplemental Table 1).
All MUP were optimised for maximal detection of
individual compounds, for example, the MUP ‘glutam*’
identifies individual compounds such as glutamic acid,
monosodium glutamate and magnesium diglutamate (see
online Supplemental Table 1). Ingredient lists of the 1836
food products were analysed concerning the sixty-five
MUP. If a food product was positive for at least oneMUP, it
was regarded as UPF. If an additive was not a MUP in all
circumstances, for example, maltodextrin is a MUP if used
as a bulking agent but not if used as a stabiliser (i.e. in this
context a marker for NOVA group 3(3)), it was regarded as
a MUP nevertheless. If a MUP could be classified into
different functional classes, for example, maltodextrin in
the categories processing aids and varieties of sugar, the
decision about the most appropriate category was
reached by the consensus of all authors.
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Statistical analysis
All data analyses and graphical representations were
performed using R version 4.0.5. The sixty-five MUP were
extracted from the ingredient lists and sorted by frequency.
The percentage of UPF items containing specific MUP was
calculated. In addition, all combinations of two to six
different MUP were assessed, and the percentage of UPF
items identified by these combinations was calculated. The
respective combinations with the highest UPF detection
rate were graphically represented using Venn diagrams.

Results

Frequency of single MUP in UPF
Of the 1836 food productswith ingredient lists, 990 (53·9 %)
were positive for at least one MUP and, therefore, defined
as UPF. Within these 990 UPF products, forty-three MUP
were detected at least once, whereas twenty-two MUP
were not found in the ingredient lists (Table 1). The most
frequent MUP with a frequency >10 % of all UPF were
flavour (578 products, 58·4 % of all UPF), emulsif* (353
products, 35·7 % of all UPF), colour (262 products, 26·5 % of
all UPF), dextrose (163 products, 16·5 % of all UPF), whey
(145 products, 14·6 % of all UPF) and gluten (100 products,
10·1 % of all UPF) (Table 1). From the MUP identified in at
least one product, a total of twenty-four and thirteen MUP
were present in 1 % to 10 % and in less than 1 % of UPF,
respectively (Table 1).

Combinations of MUP
Flavour was the MUP detecting the highest proportion of
UPF products (578 of 990; 58·4 %; Table 1 and Fig. 1(a)).
Next, it was assessed how many UPF products can be
detected maximally by two to six combinations of MUP.
The most successful combination of two was flavour and
emulsif*. Thus, flavour and emulsif* alone detected 367
and 142 UPF items, respectively, and the combination of
both terms detected an additional 211 UPF items, resulting
in a total of 720 out of 990 UPF products (72·7 %;
Fig. 1(b)). The most successful combination of three was
flavour, emulsif* and colour detecting 784 UPF items (i.e.
245 flavour alone, 134 emulsif* alone, 64 colour alone, 143
combination of flavour and emulsif*, 122 combination of
flavour and colour, 8 combination of emulsif* and colour,
68 combination of flavour, emulsif*, and colour; 79·2 %;
Fig. 1(c)). With the most successful combination of four,
that is, flavour, emulsif*, colour and fibre, 820 UPF
products were detected (82·8 %, Fig. 1(d)). The most
successful combination of five consisting of flavour,
emulsif*, colour, fibre and dextrose detected 849 UPF
items (85·8 %, Fig. 1(e)). With a combination of six MUP,
that is, flavour, emulsif*, colour, fibre, dextrose and
firming, almost 90 % of the UPF products were identified
(875 UPF products, 88·4 %, Fig. 1(f)).

Discussion

Principal findings
In the present study, MUP are assessed for the first time in a
large sample of commercial products to elucidate the most
successful combinations for UPF detection. The results
enable consumers to strike the optimal individual balance
between the number of MUP to remember on the one hand
and the proportion of UPF items identified correctly on the
other hand. Thus, already 58·4 % and 72·7 % of UPF can be
detected with a single MUP, that is, flavour, and the MUP
combination of flavour and emulsif*, respectively. Almost
90 % of UPF can be identified with the combination of six
MUP, that is, flavour, emulsif*, colour, fibre, dextrose and
firming. Future studies should assess whether consumers
can successfully identify UPF in the supermarket by using
this MUP-based approach. In particular, experiments
should elucidate which number of MUP can be recalled
and correctly applied to specific products.

Comparison with other studies
In the current study, 53·9 % of the 1836 food products with
ingredient lists are positive for at least one MUP and,
therefore, defined as UPF. Using a similar approach in a
large-scale database of foods and beverages available on
the French market, 53·8 % of products with an ingredient
list, that is, 68 110 out of 126 556, contained at least one
food additive(22). Interestingly, 17·8 % had one, 11·6 % two,
7·8 % three, 5·3 % four and 11·3 % five or more food
additives(22). In a study from Australia, 4794 out of 7322
food items (65·5 %) are defined as UPF(23). Similarly, 67 % of
24 932 packaged food items from France are UPF(14). In a
study by the same authors, the percentage of MUP dextrose
is similar to the current findings, whereas other MUP
including protein isolates are more frequently observed on
the French market as compared to the present UK
sample(24). In agreement with the current results, most
MUP are present in less than 10 % of UPF items(24).
However, to the best of our knowledge, the present study is
the first to assess which MUP combinations detect the
maximum number of UPF products.

Added flavours are by far the most prevalent MUP being
detected in 58·4 % of UPF. In accordance with the present
findings, extracts/natural flavours and synthetic flavours
are present in 42·7 % and 26·5 % of UPF, respectively, in a
representative and weighted food offer found in overall
French supermarkets(24). Evidence has recently been
presented that added flavours might induce overeating
and body weight gain(25). Thus, added flavours override
homoeostatic control of food intake by the promotion of
hedonic eating(25). Furthermore, they impair the ability to
predict nutrients in food items via disruption of flavour-
nutrient learning(25). Taking these results and our current
findings into consideration, added flavours might not only
be the MUP detecting the maximum number of UPF, but
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they might also be ingredients actively promoting obesity
and its consequences.

Besides added flavours, emulsifiers, colouring agents,
dextrose, whey and gluten are found in more than 10 % of
all UPF. It has been suggested that some common food
emulsifiers induce metabolic and chronic inflammatory
disease by altering the gut microbiome and intestinal
barrier(26). Dextrose is a monosaccharide which is regarded
as a free sugar when added to food items by the
manufacturer(27). Free sugars have been convincingly
linked to body weight gain and, therefore, the WHO
suggests to limit free sugar consumption to less than 10 % of
total energy intake per day(27). Moreover, the addition of

gluten to a normal chow and a high-fat diet increases body
weight and fat deposits without changing food intake in
mice(28). Whereas colour variety can enhance selection, no
increase on continuous food intake has been demon-
strated(29). Furthermore, whey protein supplementation
might improve body weight and total fat mass in over-
weight and obese subjects(30). Together these data suggest
that emulsifiers, dextrose and gluten are not only relevant
as MUP, but they might also directly contribute to
conditions favouring metabolic disease, that is, low-grade
inflammation (emulsifiers), increased food intake (dex-
trose) and body weight gain (dextrose and gluten). Further
studies need to elucidate their role, as well as the role of
other MUP, in the development of metabolic disease in
more detail.

Health and policy implications
Besides overweight and obesity(2), increased UPF con-
sumption has been convincingly linked with other
adverse outcomes. Thus, a significant 1·6-fold increase
in all-cause mortality is detected in a Spanish prospective
cohort study (n 19 899) if subjects with the highest UPF
consumption are compared to the lowest UPF intake(31).
In agreement with these findings, all-cause and CVD
mortality are increased 1·4-fold and 1·7-fold, respectively,
in subjects from Italy presenting with a history of CVD
(n 1171) when comparing the highest with the lowest
quartile of UPF intake(32). Risk for CVD is also significantly
increased 1·2-fold in a large prospective cohort study from
France (n 105 159) in the highest as compared to the
lowest consumption category for UPF(33). Dementia risk is
increased 1·3-fold if the proportion of UPF in the diet
increases by 10 % in subjects from the UK (n 72 083)(34).
Incident depression risk is increased 1·2-fold for a 10 %
increase in UPF consumption in a study from France
(n 26 730)(35). Furthermore, the risk of inflammatory
bowel disease increases 1·8-fold in a prospective cohort
study in twenty-one low-, middle- and high-income
countries (n 116 087) in the highest as compared to the
lowest UPF consumption group(36). Moreover, UPF
consumption in the highest as compared to the lowest
quartile is associated with a 1·2-fold and 1·1-fold increase
in overall cancer mortality and morbidity, respectively, in
a prospective UK study (n 197 426)(37).

Therefore, consumers should recognise and consciously
avoid UPF. The present study enables consumers to identify
almost 80% and 90% of all UPF items by searching the
ingredient lists for three and six MUP, respectively. This
MUP-based approach considerably simplifies UPF detec-
tion. However, consumers still need to study ingredient lists
to identify UPF and ingredient lists are not always available,
for example, in food prepared outside the home. Therefore,
public policy strategies should be implemented which
enable consumers to avoid UPF items more easily without
the need for studying ingredient lists. The WHO

Table 1 MUP sorted by frequency†

Ranking MUP Frequency % UPF‡

1 Flavour 578 58·4
2 Emulsif* 353 35·7
3 Colour 262 26·5
4 Dextrose 163 16·5
5 Whey 145 14·6
6 Gluten 100 10·1
7 Fibre 93 9·4
8 Barley malt extract 79 8·0
9 Sweetener 76 7·7
10 Maltodextrin 74 7·5
11 Fructose 72 7·3
12 Gelling 65 6·6
13 Thickener 64 6·5
14 Humectant 63 6·4
15 Invert* 62 6·3
16 Lactose 56 5·7
17 Firming 44 4·4
18 Caking 28 2·8
19 Sucralose 28 2·8
20 Acesulfame 27 2·7
21 Glazing 26 2·6
22 Flavour enhancer 25 2·5
23 Glutam* 20 2·0
24 Steviol 20 2·0
25 Aspartame 17 1·7
26 Ribonucleotide* 17 1·7
27 Isomalt 16 1·6
28 Sorbitol 14 1·4
29 Bulking 10 1·0
30 Hydrolysed 10 1·0
31 Maltitol 8 0·8
32 Saccharin 8 0·8
33 Erythritol 7 0·7
34 Hydrogenated 7 0·7
35 Isolate* 5 0·5
36 Inosin* 4 0·4
37 Guanyl* 3 0·3
38 E95* 2 0·2
39 Sequestrant 2 0·2
40 E62* 1 0·1
41 E63* 1 0·1
42 Foaming 1 0·1
43 Xylitol 1 0·1

*All variations after theword are possible (e.g. glutamic and glutamate are possible
for glutam*).
†The following twenty-two MUP were not found in any of the ingredient lists:
advantame, carbonating, casein, cyclam*, dye, E420, E421, E640, E650, E96*,
glycine, interesterified, lactitol, maltol, mannitol, mechanically separated meat,
msg, neohesperidine, neotame, polyglycitol, thaumatin and zinc acetate.
‡% UPF indicates which percentage of UPF items (n 975) were positive for the
respective MUP.
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Fig. 1 Venn diagrams depicting combinations of (a) one, (b) two, (c) three, (d) four, (e) five and (f) six MUP which detected the
maximum number of UPF products (total n 990)
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recommends the use of front-of-package labelling (FOPL)
and reformulation of food products to create healthy food
and drink environments(38). FOPL like the Nutri-Score
improves the ability of participants to rank products
according to healthiness correctly and offers the potential
to increase sales of healthy food items(39,40). Furthermore,
FOPL provides incentives for manufacturers to decrease the
level of processing by changing product compositions(41,42).
The NOVA group of food items can be depicted by a
FOPL(43). Furthermore, a novel nutrition classification
scheme combining level of processing and nutrient thresh-
olds for Na and free sugars has recently been proposed(23).
Similarly, the Pan American Health Organization Nutrient
Profile Model not only defines UPF but also sets thresholds
for critical nutrients, including free sugars, Na, total fat,
saturated fat, trans fat and sweeteners(44). Identification of
UPF items enables policymakers to reduce UPF consump-
tion on a population level, for example, by taxation(45,46).
Real-world evaluation studies suggest that taxation of sugar-
sweetened beverages reduces purchases and consumption
of this important UPF category(47). Further, public health
policies to limit UPF intake besides FOPL and taxation
include restrictions on the marketing of unhealthy food
targeting children, regulation of school food environments
and reexamination of agricultural subsidies(44).

Strengths and limitations of this study
Strengths of the current study include a large sample size of
commercial food items, structured detection of UPF with
defined MUP and analyses not only of single MUP but also
of their combinations.

A limitation is that only the UKmarket was analysed and
the distribution of MUP in UPF might be different in other
countries. Furthermore, food items without an ingredient
list had to be excluded from the analysis. In most cases, it
can be assumed that these products are not UPF, for
example, fruits, vegetables, and eggs, and, thus, their
exclusion has no impact on the results of the current study.
However, other food items without ingredients lists might
be in part UPF, especially some types of alcoholic
beverages.

It has been convincingly shown recently that detection
of UPF items differs depending on the approach used and
the selection of individual MUP(48). Furthermore, food can
also be UPF in the absence of MUP if processes
like extrusion, hydrolysation and, pre-frying are
applied(3,13,14). Therefore, the MUP-based approach used
in the current studymight underestimate the proportion of
UPF items. However, information on processes like
extrusion, hydrolysation and pre-frying cannot be easily
obtained by individual consumers in contrast to informa-
tion about MUP which can be extracted from ingredient
lists. Moreover, the possibility of hidden additives in food
products, for example, compound ingredients not thor-
oughly described in the ingredient list, cannot be

excluded and might underestimate the proportion of
UPF items. On the other hand, some additives defined as
MUP in the current study are not MUP in all circumstances,
for example, maltodextrin if used as a stabiliser, which
might incorrectly identify some food items as UPF.
Moreover, the proportion of UPF detected by MUP and
the number of MUP per product might depend on the type
of food or food category. However, food groups are not
studied separately in the present analysis, since its aim is
to elucidate which MUP and their combinations are best
suited to detect UPF over the whole range of food.

In the present study, food specifically targeting
children has been excluded from the analysis, since
the Oxford WebQ has only been developed for and used
in adult participants. It is important to note in this context
that in a recent study from France, 88 % of food
specifically targeting children over the age of 3 years is
UPF(49). Furthermore, in a report from Portugal, 56 % of
food products for children aged 0 to 3 years are UPF(50).

Conclusions
Based on research of commercial food items from the two
market leaders of groceries in the UK, the present study
enables consumers to identify almost 80 % and 90 % of all
UPF items by searching the ingredient lists for three and
six MUP, respectively. These findings might help con-
sumers to make healthier choices when shopping for
groceries by avoiding UPF which has been consistently
linked with a broad range of adverse outcomes. In
addition, they can also help researchers in food classi-
fication in dietary surveys.
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