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The main aim of the current study was to examine and compare the nutritional quality and degree of naturalness
of chocolate and cereal bars. Our analysis relied on a dataset (n = 100) of the most consumed chocolate and
cereal bars in Germany in 2019. The Nutri-Score and the Food Naturalness Index were calculated to measure
nutritional quality and naturalness of the bars, respectively. Cereal bars were nutritionally better and slightly
more natural, but had longer ingredient lists, as compared to chocolate bars. Nutritional quality and food
naturalness were only weakly correlated, which suggests that they are two distinct food characteristics. Despite
increased criticism regarding the effects of ultra-processed foods on health, our results suggest that not all ultraprocessed foods are necessarily unhealthy. Although there is plenty of room for improvement in the formulation
of cereal bars, they have the potential to be a healthier and more natural alternative to chocolate bars.

1. Introduction
In recent decades, consumers have become increasingly concerned
about their own and the planet’s health. Consumers are currently more
knowledgeable about how healthier food choices play a key role in the
prevention of future health problems; hence they request foods that
exert certain health benefits (Dolgopolova & Teuber, 2018; Santeramo
et al., 2018; Topolska et al., 2021). Simultaneously, consumers demand
“clean label” foods that do not contain any additives and preservatives,
and that are produced with respect to nature (Asioli et al., 2017; Mar
uyama et al., 2021; Román et al., 2017). Reinforced by the advent of
COVID-19 (Lockyer, 2020; Rodríguez-Pérez et al., 2020), the highly
demanding consumer of today has set the trend not only for convenient,
but also for natural, healthy and sustainable food products (Arenas-Jal
et al., 2019; Battacchi et al., 2020; Carfora et al., 2021). The change in
consumers’ lifestyle has driven a solid movement towards the con
sumption of convenient foods (Nielsen, 2018). Within convenience
foods, snacks are gaining increased market popularity (Nielsen, 2018).
In fact, many consumers see them as a way of “sustaining” energy
throughout the day rather than merely as indulgent treats (Damen et al.,
2020; Forbes et al., 2016; de Saint Pol & Hébel, 2021). This has shifted
the snack market from mainly traditional snack options (e.g., chocolate

bars) towards the formulation of functional and more innovative prod
ucts such as cereal bars (Glanbia Nutritionals, 2021). The global cereal
bar market is expected to grow at a CAGR of 8.5% between 2021 and
2026, which is 4% more as compared to the full chocolate market (CAGR
of 4.5%) (Mordor Intelligence, 2020a, 2020b).
Although cereal bars are often perceived or designated as a healthier
alternative to, for instance, chocolate bars (Bucher et al., 2016; Huitink
et al., 2020; Poquet et al., 2020; Vasiljevic et al., 2015), they may also be
discouraged by several governmental organisations worldwide (e.g., the
Netherlands, New Zealand) (New Zealand Ministry of Health, 2020;
Voedingscentrum, n.d.). Reasons for discouragement are attributed to
the high content of saturated fat, (added) sugar and/or salt (New Zea
land Ministry of Health, 2020; Voedingscentrum, n.d.), and the high
degree of processing (New Zealand Ministry of Health, 2020). Indeed,
previous research on the nutritional quality of cereal bars has shown
that sugar content is high, however, they also seem to provide valuable
amounts of fibre (Aleksejeva et al., 2017; Curtain & Grafenauer, 2019).
On the other hand, chocolate bars are generally known to be high in
saturated fat (Omeroglu & Ozdal, 2020) and sugar (Hashem et al.,
2019), and are perceived as highly processed, high in artificial additives,
and thus unnatural (Perkovic et al., 2021). The question still remains:
are these “new” snacks (i.e., cereal bars) really healthier and more

* Corresponding author at: Department of Research and Nutrition, Hero Group, Av. de Murcia, 1, 30820 Murcia, Spain.
E-mail address: luisma.sanchez@hero.es (L. Sanchez-Siles).
https://doi.org/10.1016/j.jff.2022.104940
Received 11 November 2021; Received in revised form 2 January 2022; Accepted 5 January 2022
Available online 12 January 2022
1756-4646/© 2022 The Authors.
Published by Elsevier Ltd.
This is an open
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

access

article

under

the

CC

BY-NC-ND

license

M. Klerks et al.

Journal of Functional Foods 89 (2022) 104940

natural than traditional snacks (i.e., chocolate bars)? Or is it all smoke
and mirrors?
The voluntary front-of-pack label Nutri-Score, developed by aca
demic researchers (Hercberg et al., 2021; Julia & Hercberg, 2017), is
gaining increased acceptance and adoption in many countries in Europe
(European Commission, 2020; Storcksdieck et al., 2020), and has been
applied by multiple food product databases (e.g., OpenFoodFacts,
Yuka). Research has shown that the Nutri-Score is a very effective tool
for consumers to accurately estimate the nutritional quality of foods
(Egnell et al., 2018, 2020; Packer et al., 2021) and snacks in particular
(Hagmann & Siegrist, 2020; Poquet et al., 2019).
Even though such tools that evaluate and communicate the nutri
tional quality of foods like Nutri-Score exist, the term “natural” has not
been regulated so far. Thus, an objective measure of food naturalness has
been lacking over the years. In response, Sánchez-Siles et al. (2019)
developed the Food Naturalness Index (FNI), which integrates insights
from consumer, legal and technical perspectives. Consumers’ percep
tions of food healthiness and naturalness are often linked (Hartmann
et al., 2018; Román et al., 2017), but little is known about whether in
reality a product’s healthiness (i.e., nutritional quality) is related to its
naturalness. Only recently, preliminary findings on 28 snacks in the
Swiss market showed a weak relationship between the Nutri-Score and
FNI (Michel et al., 2021).
In the light of these facts and considerations, the first objective of the
current research is to compare the nutritional quality (measured
through Nutri-Score (Julia & Hercberg, 2017)) and degree of natural
ness (measured through the FNI (Sanchez-Siles et al., 2019)) between
chocolate and cereal bars in Germany, a market with the most new snack
bar launches in Europe in the last three years (Mintel GNPD, 2021). In
addition, given the increasingly relevant “clean label” trend, a second,
related objective of this study is to identify the most frequently used
additives, unnecessary/unexpected ingredients, and processed in
gredients in chocolate and cereal bars. A final objective is to analyse the

extent to which nutritional quality is correlated to food naturalness.
2. Material and methods
2.1. Selection of product groups
Data were collected using the market research database of The
Nielsen Company. The database was searched for the most sold choco
late and cereal bars in German retail and drug stores in 2019, based on
their sales in volume. The terms “schokoriegel” and “muesliriegel” were
used (German for “chocolate bar” and “cereal bar”). Product duplicates
(i.e., identical products sold in different quantities per pack) and mixed
products (i.e., several varieties per pack) were identified and removed.
Products from private labels were also removed since their brand and
product names were unknown. Products were added until a maximum of
50 most sold products was reached for each snack bar category. The 50
most sold chocolate and cereal bars included in this study represented
approximately 50% of total market share of each category in 2019.
Twenty-one and nine different brands could be distinguished among the
most sold chocolate and cereal bars, respectively. Fig. 1 depicts a
flowchart of the product selection.
2.2. Data collection
After product selection, the internet was searched for product in
formation. Product information refers to the ingredient lists, farming
practices (conventional or organic), and nutritional values per 100 g of
energy (kJ), saturated fat (g), sugar (g), protein (g), fibre (g), and salt (g)
and/or sodium (mg). Most recent nutritional data for all products were
obtained by extraction of online data from the brands’ or retailers’
websites. However, data on fibre content was often missing, since fibre
declaration on nutrition labels is voluntary according to EU legislation
(Regulation (EC) No 1169/2011, 2011). Multiple websites and

Fig. 1. Flowchart of data selection, data sorting, and data inclusion.
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points in light green/B, 3 to 10 points in yellow/C, 11 to 18 points in
orange/D and 19 to 40 points in red/E for the worst nutritional quality.
The full description of the algorithm to calculate the Nutri-Score has
been explained previously (Julia & Hercberg, 2017; Santé publique
France, 2021).

databases needed to be consulted and compared (e.g., brands’ or re
tailers’ websites in other countries, USDA Food Data Central, FDDB) to
obtain the most accurate values for fibre content. The same regulation
requires mandatory nutrition declaration of salt content by using the
term ‘salt’ instead of the corresponding term of the nutrient ‘sodium’.
Sodium content was therefore calculated using the formula sodium =
salt ÷ 2.5 (Regulation (EC) No 1169/2011, 2011).
The resulting dataset was then complemented with calculations of
the number of ingredients per recipe, portion sizes, and total percent
ages of fruit, vegetables, nuts, legumes, and oils (% FVNLO). Portion
sizes were calculated based on total pack weight, quantity of single units
per pack, and number of bars per unit (e.g., two bars packed in a single
packaging was considered one portion). The total % FVNLO was quan
tified by evaluating the ingredient lists of all products. The procedure for
calculating % FVNLO is described in a report of Santé publique France
outlining the application of Nutri-Score (Santé publique France, 2021).
However, in some cases, this procedure could not be used due to un
known percentages for some of the FVNLO ingredients. Accordingly,
assumptions about the content of ingredients were made based on 1)
known proportions of other ingredients, 2) position of ingredients in the
ingredient list, and 3) similar bars of which the proportions were known.
Considering these assumptions, a rough estimation of the proportion of
FVNLO could be made (Fig. 2).

2.4. Degree of naturalness: Food Naturalness Index computation
The degree of naturalness of the bars was calculated by means of the
FNI (Sanchez-Siles et al., 2019), which considers the farming practice,
the number of additives, the number of unnecessary/unexpected, and
the number of processed ingredients. Scores were allocated to each of
the FNI components and ranged from 2 (slightly natural) to 4 (very
natural) for the component farming practices, from 1 (not natural at all)
to 4 (very natural) for the component degree of processing, and from 1
(not natural at all) to 5 (extremely natural) for free from additives and free
from unnecessary/unexpected ingredients. The overall FNI score was
computed by taking the average score of the four components (SanchezSiles et al., 2019). As indicator for “clean label”, the total number of
ingredients in each bar was calculated.
2.4.1. Farming practice
The farming practice of the studied bars was either conventional or
organic. The current study did not include any products targeted at in
fants and young children, hence none of the bars were designated
pesticide controlled (i.e., baby food grade) nor organic pesticide
controlled (i.e., organic baby food grade). Distinction between conven
tional and organic farming practices was clear from labelling, in
accordance with EU legislation (Council Regulation (EC) No 834/2007,
2007).

2.3. Nutritional quality: Nutri-Score computation
The nutritional quality of the bars was assessed by means of nutri
tional values per 100 g and by using the Nutri-Score labelling system.
The Nutri-Score is based on the Food Standards Agency nutrient
profiling system (FSAm-NPS). Positive points were allocated to unfav
ourable variables among which are energy (kJ, 0–10 points), total sugar
(g, 0–10 points), saturated fat (g, 0–10 points) and sodium (mg, 0–10
points). Negative points were allocated to favourable variables among
which are protein (g, 0–5 points), fibre (g, 0–5 points), and proportion of
FVNLO (%, 0–5 points). Based on these positive and negative points, the
FSAm-NPS score was computed that could range from − 15 (high
nutritional quality) to 40 points (low nutritional quality). The FSAmNPS score was then reflected in a corresponding colour and letter:
− 15 to − 1 points in dark green/A for the best nutritional quality, 0 to 2

2.4.2. Number of additives
The definition of additives was based on CODEX (“Codex Ali
mentarius Commission,” 2013) and EU legislation (Regulation (EC) No
1333/2008, 2008) and included additives both with an E-number or
chemical name.
2.4.3. Number of unnecessary/unexpected ingredients
We have followed the definition and examples of unnecessary/

Fig. 2. Example estimation % FVNLO of a recipe with unknown quantities for some of the FVNLO ingredients.
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unexpected ingredients offered by Sanchez-Siles et al. (2019), namely,
ingredients that are not easily recognised or understood by consumers
and usually these ingredients are hardly found in one’s kitchen cupboard
(i.e., thickeners, non-commercial oils and fats, artificial flavours,
glucose/fructose syrups, unexpected added sugar and salt, and other
ingredients that are not expected to be in the product or recipe). How
ever, some clarifications to the original list needed to be made. More
specifically, caramel sugar syrup and fruit juice concentrates were only
counted as unnecessary/unexpected ingredients if addition was not re
flected in the bar’s name or appearance (e.g., pineapple juice in a
cranberry cereal bar). All isolated protein and fibre related ingredients
were only counted as unnecessary/unexpected ingredients in bars which
did not mention protein or fibre in the product’s name. Barley malt
extract, added salt, and added vitamins/minerals were not considered
unnecessary/unexpected ingredients. Neither were milk-derived in
gredients in cereal bars with chocolate penalised.

“E322”).
3. Results
3.1. Nutritional quality of chocolate and cereal bars
Mean portion sizes were quite similar between categories, with
cereal bars being slightly smaller (31 g) than chocolate bars (35 g).
Chocolate bars had significantly a higher FSAm-NPS score (median
(IQR), 25.0 (2.0)) compared to cereal bars (median (IQR), 12.5 (8.0)) (P
< 0.001). Also, chocolate bars had a lower variability of FSAm-NPS
score compared to cereal bars (Fig. 3a). All chocolate bars were
graded as Nutri-Score E (100%), whereas four classes of the Nutri-Score
were observed for cereal bars (B, C, D, and E). Most cereal bars were
classified as Nutri-Score D (50%), followed by Nutri-Score C, E, and B
with 22%, 16%, and 12%, respectively. Cereal bars having a Nutri-Score
B were characterised by low sugar levels (due to the use of sweeteners),
high fibre levels (due to the addition of whole grains), and relatively low
salt levels. Neither chocolate bars nor cereal bars were qualified as
Nutri-Score A (Fig. 3b).
Regarding the nutritional values of the bars, chocolate bars showed
significantly higher median values in terms of energy, sugar, and satu
rated fat, but a lower median value for fibre, compared to cereal bars (all
P < 0.001). In addition, chocolate bars had lower median values for
sodium and protein, but this difference was not statistically significant
(Table 1, Fig. 4). Most common cereals found in cereal bars were (whole
grain) oats and wheat, followed by barley, rice, and corn (or a combi
nation thereof). Cereals were added in quantities up to 62%. In total,
54% and 18% of cereal bars included ≥25% and ≥50% of whole grain
cereals, respectively. Most chocolate bars were based on milk chocolate,
with main ingredients like sugar, cocoa mass, milk powder, cocoa but
ter, and other vegetable oils or fats.

2.4.4. Number of processed ingredients
Processed ingredients included isolated ingredients, refined/pro
cessed fats, natural and artificial flavours, any refined sugar, dehy
drated/concentrated and powdered ingredients, and refined,
hydrolysed, and extruded cereals (Sanchez-Siles et al., 2019). Refined
flours were only counted as processed ingredients if more than half of
the proportion of cereals in the product was refined. We excluded
minimally processed ingredients from a penalisation, such as fruit flakes
or chips (e.g., coconut flakes), cocoa mass, and powdered herbs/spices.
2.5. Statistical data analysis
Statistical analyses were performed using IBM SPSS Statistics version
27.0 (Armonk, NY: IBM Corp). Before conducting the analyses,
normality of the data was checked using the Shapiro-Wilk test. The
normality of data distribution was rejected, and therefore data were
presented as median and interquartile range (IQR). Categorical variables
were reported in percentages. Mann-Whitney U non-parametric tests for
independent samples were performed to compare FSAm-NPS points,
nutrient data, FNI, number of additives, unnecessary/unexpected in
gredients, and processed ingredients, and total number of ingredients
between groups. Spearman’s correlation was run to determine the
relationship between FSAm-NPS points (nutritional quality) and FNI
(food naturalness). P-values below 0.05 were considered significant. In
addition, Microsoft Excel version 11.0 was used to identify the most
frequently used additives, unnecessary/unexpected ingredients, and
processed ingredients, by using the IF function including multiple
possible word options (e.g., “lactose” and “milk sugar” or “lecithin” and

3.2. Degree of naturalness in chocolate and cereal bars
Chocolate bars had a significantly lower FNI (median (IQR), 1.8
(0.5)) compared to cereal bars (median (IQR), 2.0 (0.8)) (P = 0.005).
Chocolate bars reached a maximum score of 3.3, whereas cereal bars
reached a maximum score of 4.0 (Fig. 5a). These bars were regarded as
outliers. As depicted in Fig. 5b, the majority of chocolate bars was “not
natural at all” with 54% of them having a FNI below 2.0. Nearly half of
chocolate bars (44%) was “slightly natural” with scores ranging between
2.0 and <3.0. Only 2% of chocolate bars was “moderately natural” with
one bar obtaining a FNI of 3.3. In comparison, most cereal bars were
“slightly natural” as 54% obtained a FNI between 2.0 and <3.0, followed

Fig. 3. a) Boxplots FSAm-NPS score distribution chocolate bars (n = 50) and cereal bars (n = 50). The boxplots are divided into the five Nutri-Score classifications: A,
B, C, D and E. *P < 0.001, Mann-Whitney U test for two independent samples. b) Nutri-Score distribution (%) of chocolate bars (n = 50) and cereal bars (n = 50).
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cereal bars, however, no significant differences for these two compo
nents were found (both P > 0.05). On the contrary, chocolate bars
consisted of significantly more unnecessary/unexpected ingredients
(median (IQR), 4.0 (3.0)) compared to cereal bars (median (IQR), 3.0
(3.0)) (P = 0.014). The total number of ingredients was found to be
significantly lower in chocolate bars compared to cereal bars (P =
0.026). Fig. 6 shows the frequency of chocolate and cereal bars ac
cording to the number of additives, unnecessary/unexpected in
gredients, processed ingredients, and ingredients in their recipes.

Table 1
FSAm-NPS score and nutritional composition of chocolate bars (n = 50) and
cereal bars (n = 50).
Nutrients

FSAm-NPS
score
Energy
(kcal/
100 g)
Energy
(kJ/100
g)
Sugars (g/
100 g)
Saturated
fat (g/
100 g)
Sodium
(mg/
100 g)
Protein (g/
100 g)
Fibre (g/
100 g)

Chocolate bars

Cereal bars

Median
(IQR)

Range
(min–max)

Median
(IQR)

Range
(min–max)

25.0
(2.0)
527.0
(63.8)

19.0–28.0

12.5
(8.0)
434.5
(57.3)

0.0–26.0

0.000

336.0–553.0

0.000

2200.0
(259.0)

1882.0–2482.0

1824.0
(240.8)

1405.0–2303.0

0.000

47.4
(8.1)
16.1
(5.2)

33.7–63.0

25.0
(6.5)
6.7 (6.1)

1.5–41.1

0.000

1.0–18.2

0.000

140.0
(97.1)

12.0–284.0

162.0
(118.0)

16.0–368.0

0.304

6.8 (2.9)

3.6–10.0

7.3 (1.6)

4.0–17.0

0.355

1.5 (1.5)

0.0–8.4

5.1 (1.5)

0.7–12.0

0.000

448.0–596.0

7.9–26.6

Pvalue

3.3. Most frequently used additives, unnecessary/unexpected ingredients,
and processed ingredients
As shown in Table 3, the most common additives found in chocolate
and cereal bars were soy or sunflower lecithins, followed by leavening
agents sodium and ammonium hydrogen carbonate in chocolate bars,
and glycerol/glycerin in cereal bars. The most frequently used unnec
essary/unexpected ingredient in chocolate bars was palm fat or oil,
while in cereal bars it was glucose syrup. The most frequently used
processed ingredients in chocolate bars were milk powder and cocoa
butter, while in cereal bars it was coconut fat or oil (Table 3).
3.4. Relationship between nutritional quality and degree of naturalness
A significant moderate negative correlation was found between
FSAm-NPS score (nutritional quality) and FNI (food naturalness) in the
overall sample of bars (ρs = -0.288, P = 0.004). Given that higher points
in the FSAm-NPS score signal worse levels of nutritional quality as
explained earlier in the methodology section, our results show a weak
and positive relationship between nutritional quality and food
naturalness.

by 32% that was qualified as “not natural at all”. With respect to the
more natural bars among the cereal bars, 10% and 4% were “moderately
natural” and “very natural”, respectively.
In addition to FNI scores and the total number of ingredients, Table 2
presents the scores for three of the four components that entail the FNI
(the number of additives, unnecessary/unexpected ingredients, and
processed ingredients). As for the fourth component of the FNI (farming
practices), all chocolate bars (100%) relied on conventional farming,
and almost all cereals bars did too (96%). The number of additives and
processed ingredients were both slightly higher in chocolate bars than in

4. Discussion
The main aim of the current study was to examine and compare the

Fig. 4. Boxplots nutritional composition chocolate bars (n = 50) and cereal bars (n = 50). a) energy (kJ/100 g), b) sugar (g/100 g), c) saturated fat (g/100 g), d)
sodium (mg/100 g), e) protein (g/100 g), and f) fibre (g/100 g). Red plots (a to d) are unfavourable content, green plots (e and f) are favourable content according to
Nutri-Score scoring system. *P < 0.001 and NS = not significant, Mann-Whitney U test for two independent samples. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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Fig. 5. a) Boxplots FNI distribution of chocolate bars (n = 50) and cereal bars (n = 50). *P = 0.005, Mann-Whitney U test for two independent samples. b) FNI
distribution of chocolate bars (n = 50) and cereal bars (n = 50).

opportunity for manufacturers to chemically analyse their products to
explore potential nutrition claims.
Importantly, the nutritional quality of cereal bars varied greatly,
which is consistent to the nutritional profile of grain-based muesli bars
found in Australia (Curtain & Grafenauer, 2019). Yet, similar to prior
research conducted in 8 European countries (Dréano-Trécant et al.,
2020), D was the predominant Nutri-Score grade within cereal bars. This
implies that there is still plenty of room for improvement such as the
reduction of sugar levels. Reducing sugar levels in both cereal and
chocolate bars is urgently needed as it has recently been shown that
these type of foods are among the five food categories that contribute the
most to sugar intake in the UK (Bandy et al., 2021). High sugar levels are
the consequence of the binder, generally existing of sugar, sugar syrups,
and/or honey (Pallavi et al., 2015). Although reducing sugar levels in
cereal bars is challenging due to the functional and technological
properties it has, ingredients like prebiotic fibres (e.g., inulin) seem to be
excellent alternatives (Di Monaco et al., 2018). Besides sugar, saturated
fat is another key nutrient in cereal bars that needs attention. Chocolate
drizzles or bottom coatings are in many cereal bars one of the contrib
utors to the saturated fat content. Hence, limiting the use of chocolate
could be a solution to bring saturated fat levels down. Manufacturers
need to find the sweet spot between healthier but still tasty bars when
(re)formulating, as chocolate has been shown to play an important role
in consumers’ liking for (cereal) bars (Kim et al., 2016; Salazar et al.,
2019). Ultimately, manufacturers could explore ways to partially sub
stitute refined cereals by legumes, given their healthier nutritional
profile (Tas & Shah, 2021). Legumes could be added as functional in
gredients in snack bars as they enhance the nutritional value (RamírezJiménez et al., 2018). In contrast to cereals, legumes are considered by
the Nutri-Score system as favourable content and account for the pro
portion of FVNLO (Santé publique France, 2021). For instance, replacing
30% refined wheat flour by pea or lentil flour in a bar with 11% nuts,
would increase FVNLO content from 11% to 41% and therefore would
get a point for favourable content. In addition, legumes contain a higher
percentage of protein as compared to cereals (Tas & Shah, 2021).
Feasibility and sensory acceptance of legumes in snack formulations (i.
e., extruded snacks, snack bars) has previously been studied (Proserpio
et al., 2020; Ramírez-Jiménez et al., 2018; Tas & Shah, 2021). These
studies have shown that consumers moderately accept the addition of
legumes, and flavour and mouthfeel are sensory attributes that need to
be optimised. Future studies will benefit from identifying the right
combination of flours and other ingredients, and finding the right pro
cessing conditions to improve consumer acceptance.
Remarkably, if the NOVA classification system developed by Mon
teiro and colleagues (Monteiro et al., 2019) is to be followed, then
chocolate and cereal bars would be considered as “intrinsically

Table 2
FNI, FNI components (number of additives, unnecessary/unexpected in
gredients, processed ingredients) and number of ingredients of chocolate bars (n
= 50) and cereal bars (n = 50).
Components FNI

FNI
N◦ additives
N◦ unnecessary/
unexpected
ingredients
N◦ processed
ingredients
N◦ ingredients*

Chocolate bars

Cereal bars

Median
(IQR)

Range
(min–max)

Median
(IQR)

Range
(min–max)

Pvalue

1.8 (0.5)
3.0 (2.0)
4.0 (3.0)

1.3–3.3
1.0–6.0
0.0–10.0

2.0 (0.8)
2.0 (2.0)
3.0 (3.0)

1.3–4.0
0.0–7.0
0.0–7.0

0.005
0.102
0.014

11.0
(3.0)
17.0
(7.0)

3.0–23.0

9.0 (7.0)

1.0–18.0

0.203

6.0–32.0

22.0
(15.0)

6.0–44.0

0.026

*

Number of ingredients is not part of the FNI, but generally used as an
attribute for “clean label”.

nutritional quality (Nutri-score) and degree of naturalness (FNI) of the
most sold chocolate and cereal bars in Germany. In general, the results
showed that cereal bars had a higher nutritional quality and slightly
higher degree of naturalness as compared to chocolate bars. More spe
cifically, the majority of cereal bars obtained a better Nutri-Score, which
ranged from E to B, as compared to chocolate bars, which was E in all
cases. The main reasons can be attributed to the fact that cereal bars
were higher in favourable content of fibre, and lower in unfavourable
content of energy, sugar, and saturated fat as compared to chocolate
bars. Approximately half of cereal bars contained at least 25% of whole
grain cereals, mainly from oat and wheat, which is considered as the
minimum contribution of a dietarily meaningful amount of whole grain
(Whole Grain Initiative, 2020). Whole grains in cereal bars increase fibre
content but also deliver important other bioactive compounds like vi
tamins and minerals (Klerks et al., 2019). For example, a cereal bar with
30 g whole grain oats per 100 g, would theoretically be a source of se
lenium according to Regulation No 1169/2011 and considering chem
ically analysed nutrients in oats provided by the USDA Food Data
Central (U.S. Department of Agriculture, 2020). Those bars with 50 g
whole grain oats per 100 g would in addition theoretically be a source of
iron, magnesium, zinc, copper, and vitamin B1. In contrast, high
quantities of base ingredients of milk chocolate like sugar and cocoa
butter are mainly responsible for the substantial content of sugar and
saturated fat in chocolate bars, while milk powder may contribute to the
content of calcium. Nonetheless, given the average quantities of milk
chocolate in our chocolate bar sample, they will hardly be a source of
calcium (U.S. Department of Agriculture, 2019). Clearly, there is an
6
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Fig. 6. Frequency of bars (%) according to number of a) additives, b) unnecessary/unexpected ingredients, c) processed ingredients, and d) ingredients in chocolate
bars (n = 50, dotted bars) and cereal bars (n = 50, grey bars).

unhealthy”, since the NOVA scheme classifies them as “ultra-processed
foods”. There is increased negativity and misunderstandings concerning
processed foods by consumers, policy makers, and in the media (Sadler
et al., 2021). The present study shows, however, that degree of pro
cessing should not be confused with nutritional quality (Derbyshire,
2019; Jones, 2019), as some cereal bars had the possibility to obtain a
Nutri-Score B even though they are qualified as ultra-processed foods.
This is particularly relevant as a recent critical review on processed food
classification systems concluded that “From the perspective of food
science and technology, processing and nutritional value do not have a
linear relationship and these concepts need to be dissociated” (p.157)
(Sadler et al., 2021).
In line with preliminary findings from Michel et al.’s (2021) study,
our analysis shows that cereal bars were slightly more natural than
chocolate bars, although the median FNI value (2.0) was rather low. The
difference between the two groups could be attributed to the significant
higher number of unnecessary/unexpected ingredients in chocolate

bars. In particular, palm oil and artificial flavours were highly prevalent
unnecessary/unexpected ingredients in the chocolate bars’ formula
tions. Almost all (chocolate and cereal) bars were based on conventional
farming. Production of organic snack bars poses an opportunity for
manufacturers to offer consumers more natural alternatives. In fact,
shifting from conventional to organic farming practices will lead to an
increase of 0.5 in the FNI score. Furthermore, the majority of (chocolate
and cereal) bars contained two or more additives, with lecithin being the
most common one. Lecithin is often used as emulsifier and stabiliser in
biscuits and cake-like products (Chazelas et al., 2020), and it was not
perceived as natural by 86% of consumers in prior research (Chambers
et al., 2018). In addition, in a context of increasing demand for lowsugar foods, the sweeteners that make them feasible are key. Many
artificial sweeteners (e.g., aspartame, sucralose) have been developed,
but consumers’ aversion to synthetic ingredients has led the industry to
explore alternative sweeteners sourced from nature. Innovative and
promising alternatives that have been approved in many countries
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levels), will solely be more nutritious (those having a better Nutri-score)
if the “natural” ingredients used in the foods also deliver high levels of
good quality nutrients (Meijer et al., 2021), and vice versa. For future
studies it would be interesting to investigate in other product categories
(e.g., dairy) how a product’s nutritional quality relates to its naturalness.
Our analysis relied on a dataset (n = 100) of the most consumed
chocolate and cereal bars in Germany in 2019. Even though they rep
resented approximately 50% of total market share, future studies are
needed to include larger sample sizes as well as other countries. The
nutritional information was carefully sought for. As values for fibre
content were often missing on the German brands’ or retailers’ websites,
or simply presented as 0.0 g/100 g when not declared on pack, extra
attention was paid to obtaining reliable data for fibre content. However,
as acknowledged in previous research (Vergeer et al., 2020), for a few
bars it was not possible to calculate the exact content quantity of FVNLO
due to missing information on product labels. The study is also
strengthened by the fact that Nutri-Score and FNI were used to examine
nutritional quality and the degree of naturalness in snack bars. Impor
tantly, prior research has been unable to measure naturalness of food
products. For instance, De Vlieger et al. (2017, p.61) acknowledged that:
“due to lack of an objective measuring scale, it was not possible to
quantify the degree of perceived ‘naturalness’ of snack foods in the
current study” (De Vlieger et al., 2017). Fortunately, the FNI was found
to be a simple and useful tool to measure and compare the degree of
naturalness of foods. Nonetheless, although the FNI includes a detailed
list of unnecessary/unexpected ingredients, we encountered some in
gredients that were not covered in this in- or exclusion list (e.g., barley
malt extract) and were thus open to interpretation. Hence, further
research is needed to examine which ingredients (in different foods) are
perceived as unnecessary and/or unexpected by consumers. Such
research will aid in improving the FNI. Lastly, this study successfully
applied the FNI to snack bars, but future studies may apply the FNI in
other product categories too.

Table 3
Top 5 additives, unnecessary/unexpected and processed ingredients used in
chocolate (n = 50) and cereal bars (n = 50). Data is expressed in % of total
products containing the ingredient.
Top 5

Chocolate bars

%

Cereal bars

%

Additives

1. Lecithin (E322)

100

90

• Soy lecithin

68

• Sunflower lecithin
• Unknown
• Both
2. Sodium hydrogen
carbonate (E500)
3. Ammonium
hydrogen carbonate
(E503)
4. Citric acid (E330)

12
16
4
68

1. Lecithin
(E322)
• Sunflower
lecithin
• Soy lecithin
• Unknown
• Both
2. Glycerol/
glycerin (E422)
3. Citric acid
(E330)

14

5. Mono- and
diglycerides of fatty
acids (E471)
1. Palm (kernel) fat or
oil
2. Artificial flavours

12

4. Maltitol
(syrup) (E965)
5. Pectin (E440)

86

1. Glucose syrup

58

64

44

3. Glucose syrup

36

4. Wheat starch
5. Shea fat
1. Milk powder

16
14
94

2. (strongly deoiled)
cocoa butter
3. Palm (kernel) fat or
oil
4. Artificial flavours
5. Glucose syrup

94

2. Glucosefructose syrup
3. Palm (kernel)
fat or oil
4. Dextrose
5. Maltodextrin
1. Coconut fat or
oil
2. Natural
flavours
3. Milk powder
4. Glucose syrup
5. Barley malt
extract

58
50

Unnecessary/
unexpected
ingredients

Processed
ingredients

30
12

86
64
36

60
10
20
0
46
14

8

28
26
18
64
62
60

5. Conclusions

include natural sweeteners such as erythritol, tagatose, and steviol
glycosides (Saraiva et al., 2020). In our sample, maltitol was the most
often used (natural) sweetener. As there is no definition of natural
sweeteners, they are integrated in the EU into the same E-number
classification as all artificial counterparts (Carocho et al., 2015).
Consequently, both artificial and natural additives are penalised equally
in the FNI scoring system. Further research could examine the ability of
consumers to distinguish natural from artificial sweeteners. Notably,
some cereal bars included in this study evidenced that it is feasible to
produce cereal bars without additives, including lecithin and sweet
eners, while still being highly accepted by consumers (being among the
50 best-selling products in the German market).
Although not part of the FNI, we have also investigated the length of
the ingredient lists. A short ingredient list is one of the attributes that
help consumers to identify “clean label” products (Cargill, 2017). Sur
prisingly, despite the higher FNI value, cereal bars had longer ingredient
lists as compared to chocolate bars. This can probably be explained by
the wide variety of ingredients that are found in cereal bars (i.e., various
cereals, nuts, fruits, chocolate, sugars, fats) (Curtain & Grafenauer,
2019). These results suggest that the number of ingredients only reduces
food naturalness when the “additional” ingredients are not perceived as
“understandable”, “known”, or “simple” by the consumer. Accordingly,
the mere length of the ingredient list as an attribute for the “clean label”
concept should be considered with care. Interestingly, similar to recent
findings from Michel et al. (2021), nutritional quality and food natu
ralness were only weakly correlated. Altogether, these results indicate
that even though consumers tend to overlap concepts such as healthiness
(i.e., nutritional quality) and food naturalness (Román et al., 2017);
from a technical perspective, nutritional quality and food naturalness
are indeed separate properties of processed food products like snack
bars. Products qualified as more natural (e.g., those having higher FNI

In conclusion, even though ultra-processed foods have received
criticisms from numerous consumer groups, media publics and policy
makers, our study shows that cereal bars have the potential to be a
healthier and more natural alternative to chocolate bars. Still, there is
plenty of room for improvement in the formulation of cereal bars to
wards higher levels of healthiness and naturalness. In this study, nutri
tional quality and food naturalness were only weakly correlated, thus
signalling that they are two different food attributes. We believe that the
Nutri-Score and FNI are valuable tools to measure and compare the
nutritional quality and degree of naturalness in snack bars. These tools
provide the food industry with great insights about how their products
can be improved and communicated. We strongly encourage manufac
turers to employ these tools in their (re)formulations towards healthier
and more natural foods. Employment of Nutri-Score and FNI will in
crease transparency towards the consumer, that could lead to betterinformed choices and a positive contribution to public health.
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