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ABSTRACT

Any Front of Pack Nutrition Labeling (FOPNL) system should incorporate current medical
and nutritional knowledge, be consistent with healthy eating recommendations, and
not lead to misinterpretation of the system by consumers.

UNFORTUNATELY,
THE NUTRI-SCORE
SYSTEM DOES NOT MEET

THESE OBJECTIVES
BECAUSE ITS ALGORITHM
DOES NOT TAKE INTO
ACCOUNT:

g f * e.g. the elderly, children,
sportsmen or persons
with diabetes

Consequently, the Nutri-Score system may lead to reduced consumption of foods with health
benefits that have received a lower rating in this labeling system. Additionally, the system devalues
natural, unprocessed, organic foods, and may promote selected ultra-processed products and enco-
urage food manufacturers to reformulate products in a way that is detrimental to consumer health
in order to obtain a better Nutri-Score (e.g., by sweetening products with artificial sweeteners or
adding fat or salt to products high in sugar, improving protein scores). It cannot be concluded that the
Nutri-Score system with the currently adopted methodology will not mislead consumers about the
real quality of the products, which may consequently be reflected in a deterioration of the quality
of the diet and thus the health of consumers.



1. INTRODUCTION

Food has many functions in the modern world. Nowadays, in highly developed countries, people
consume food not only to satisfy their hunger. Often the motive is psychological or social, and the
choice of a product is related to its sensory attractiveness, the opinion of the closest environment, or
appropriately marketed packaging, which is often not the best determinant of food choice. In the last
decade, however, there has been a clear trend associated with a change in lifestyle to a healthier one
and a focus on healthy eating and leading an active lifestyle [1]. As a result, the consumer, apart from
aesthetic considerations when choosing food, is also guided by its nutritional value and the impact
that food products can potentially have on their organism.

With increasing interest in how food affects health, consumers are looking more closely at the food
label for nutritional information. Nutri-Score labeling is one of the currently proposed front of pack
food labeling systems with collective graduated color coding based on a five-color nutritional scale
(dark green to dark orange) associated with the letters A through E. The purpose of its use is to pro-
vide consumers with easy-to-use nutritional information on foods.

The Nutri-Score labeling system is based on an algorithm that takes into account nutritional informa-
tion about products, such as energy value, content of simple sugars (sugar), saturated fatty acids,
sodium (salt) and fruits and vegetables, fiber and protein. These contents are presented per 100g or
100mI of the product. The Nutri-Score system was intended by its authors to help the consumer make
more informed and healthier choices when shopping and to encourage manufacturers to improve the
nutritional composition of their products through reformulation and/or innovations [2] that improve
their nutritional value, which could translate into improved health-promoting
properties of the product. In 2017, it was approved by the French government
as a way to inform consumers about the overall nutritional value of products.

Of course, any system that is intentionally designed to improve food selection
based on a specific algorithm is not without its flaws. It is limited by the range of
parameters included in the algorithm, the number of which does not take into
account the variety of food components that affect its nutritional value. This is
no different for the Nutri-Score system. This study aims to analyze the potential
impact of Nutri-Score on consumer choice of food and possible misleading of
consumers about the nutritional value of the product labeled with this system,
and consequently - the creation of a number of nutritional errors.




2. NUTRITIONAL VALUE OF FOOD

2.1. DEFINITION OF THE NUTRITIONAL VALUE OF FOOD

According to Gawecki and Roszkowski (2010) [3], “the nutritive value of food determines the suitabi-
lity of food products and rations composed of them to cover the organism's needs related to metabo-
lism”. A similar definition was presented in their study by Kunachowicz et al (2018) [4]. On the other
hand, Kunachowicz and Przygoda (2010) defined nutritional value as “its suitability to cover human
needs for nutrients necessary for the proper course of life processes” [5].

Thus, nutritional value is an individual characteristic of each product or raw material, determi-

ning its ability to cover the energy and nutritional needs of humans.

2.2. EVALUATION OF THE NUTRITIONAL VALUE OF FOOD

The assessment of the nutritional value of products and meals is a very complex matter and requires
acomprehensive approach. It must consider not only the energy value, but also the content of nutrients,
their balance, digestibility, bioavailability, interaction of these components with non-nutrients and dif-
ferences in nutritional needs of different consumer groups and the possibility of absorption of indi-
vidual nutrients from food in different groups of the population. The nutritional assessment of food,
according to the current state of knowledge, should take into account:

> energy,

e protein: its content, digestibility, amount of endo- and essential amino acids, their availability,
nutritional value and tryptophan inhibitor content,

» fats: their total content, the content of individual fatty acid groups, i.e., saturated fatty acids, monounsa-
turated fatty acids, polyunsaturated fatty acids, the spatial configuration of molecules (cis and trans
forms), the ratio of omega-3/o0mega-6 polyunsaturated fatty acids, the content of conjugated linolenic
acid (CLA), the content of cholesterol and phytosterols and the melting point of individual fats,

* carbohydrates: proportion of energy from digestible carbohydrates and sucrose, dietary fiber con-
tent and its fractional composition, simple sugar content, lactose content,

* minerals: content of individual elements, their bioavailability and mutual proportions, content of
anti-nutrients, alkalinity/acidity,

e vitamins: content of individual vitamins, their forms of occurrence and biological activity, the pre-
sence of anti-nutritional substances.

Nutritional assessment of foods is conducted to:
* develop nutrition information to be placed on packaging,
e facilitate proper composition of meals,

* demonstrate the directions desirable for health improvement of recipes and food production tech-
nologies,

e protect consumers against promotion of food declared as having nutritional and health values, while
it should not be recommended from the nutritional point of view,

* to educate the public on nutrition.



2.3. INDICATORS OF NUTRITIONAL VALUE OF FOOD

The concept of nutritional indicators is based on the assumption that, without detriment to the prac-
tical implementation of the assumptions concerning proper nutrition, it is possible to simplify the
assessment of the nutritional value of food (limiting the number of nutrients taken into account to
a few or several most important ones). An appropriately constructed indicator is to provide the con-
sumer with reliable knowledge about the nutritional value of food, as well as concise information on
the potential impact of consumption of a given product on health. Indicators placed on packaging are
intended to provide information about the nutritional value of a specific product. There are basically
four groups of indicators used:

e indicators in the form of empirical formule, which means expressing the nutrient content in absolute
value or in relation to energy value to dietary standards,

* indicators based on nutrient profiles - to promote the consumption of products that have a benefi-
cial effect on health,

e indicators to facilitate health-related product choices based on physiological criteria,
* indicators concerning daily food intake.

Other ways to use food nutritional indicators are as follows:

e indicators that take into account nutrients that are beneficial to health or recommended because of
the risk of inadequate intake. The most common are vitamins, minerals, protein, essential fatty acids
(especially from the omega-3 family and others),

e indicators that take into account components that have an adverse effect on health and the con-
sumption of which should be limited. This mostly concerns total fat, saturated fatty acids, trans
unsaturated fatty acids, cholesterol, sucrose and salt,

* mixed indicators, which take into account both beneficial and harmful components,



differentiated indicators, which take into account not only the nutrient content but also the content
of product groups which consumption should be increased - e.g. fruits and vegetables, nuts, proces-
sed whole grains.

Indicators of the nutritional value of food began to be introduced as early as the 1970s. One of the first
was the Index of Nutritional Quality (INQ). It refers to the content of a specific (single) component in
relation to energy and nutrition standards. It allows to determine whether a given ingredient is in too
little or too much quantity in a given product in relation to energy.

Other indicators include:

Ratio of Recommended to Restricted Food Score (RRR). It takes into account the recommended
components: protein, calcium, iron, vitamin A and C and dietary fiber, and the restricted compo-
nents: energy, saturated fatty acids, cholesterol, sugar and salt. It is calculated by calculating the
coverage or recommended intake for all listed components.

Calories for Nutrient Score (CFN). It represents the ratio of energy content per unit weight of the
product (kcal/g) to the average requirement of the 13 nutrients contained in 100 g of that product.

Naturally Nutrient Rich Score (NNR). It determines the extent to which a product, while providing
adeqguate energy, also covers the need for 14 nutrients: protein, monounsaturated fatty acids, vita-
mins: A, C, E, C, B1, B2, B12, folate, calcium, iron, zinc and potassium. The adopted energy demand
pattern is for 2000 kcal.

Guidelines Daily Amount (GDA). It provides information about the nutrient content in absolute
value (per serving or 100 g) or as a percentage of the recommended daily intake.

Health Star Rating system (HSR). It evaluates, using algorithms created by Food Standards Austra-
lia New Zealand, the health value of a product, giving it a summary star rating: from 0.5 (least heal-
thy) to 5.0 stars (healthiest) in 10 steps of half a star. The rating takes into account both high-risk
components (total energy, total sugars, saturated fat, sodium) and positive components (protein,
fiber, fruit, vegetables, nuts and pulses).

Multiple Traffic Lights (MTL). This system uses three colors, red, amber, and green, to indicate high,
medium, and low (respectively) values for specific nutrients (fat, saturated fatty acids, sugar, and
sodium).

Reference Intakes (RIs). This system is a substitute for GDA labeling. The principles of using Rls are
the same as GDA, with the exception that the recommended daily intake distinguishes separate
information for men, women and children, while the GDA provides concise information for the ave-
rage adult.

Warning symbol. This system was created to warn consumers and limit their consumption of highly
processed foods. It was created in Chile, where it was a legal requirement to mark with a warning
symbol high levels of energy, sodium, simple sugars, or saturated fatty acids. However, this system
does not exclude the possibility of labelling other nutrients commonly regarded as unhealthy.

It is worth noting here that the World Health Organization in 2021 stated that while front of
pack supplemental food labeling systems provide additional valuable information regarding

the nutritional value of food and are being analyzed for the healthfulness of food products,
the organization cannot recommend any one system as better than another [6].




2.4. NUTRI-SCORE AS ONE OF THE INDICATORS
OF NUTRITIONAL VALUE OF FOOD

The Nutri-Score system, developed in France, is one of the models for health quality labeling of food
products. It takes into account the content of energy, simple sugars, saturated fat and sodium (as nega-
tive components of the product), the percentage of fruit and vegetables, the amount of fiber and pro-
tein, as well as (according to the update in 2021 [44]) the addition of nuts, legumes, rapeseed oil, walnut
oil and olive oil (as positive components). Based on the content of the listed components, points are
awarded for negative components, while points are deducted for positive ones. After adding up the
points awarded and deducted, and separately and individually for beverages, cheese and fats, a product
can achieve a score from -15 to 40, which translates into a specific color adjustment (Table 1) and the
final appearance of the Nutri-Score (Table 1, Figure 1). The Nutri-Score system evaluates the content of
individual components per 100 g/ml of product.

Table 1 Nutri-Score rating system and color assignment

Food (except beverages) Beverages
. . Color
[points] [points]
<1 Water
0-2 <
3-10 2-5
11-18 6-9
>19 >10

Fig. 1 Possible Nutri-Score labels

NUTRI-SCORE NUTRI-SCORE NUTRI-SCORE

NUTRI-SCORE NUTRI-SCORE

Various studies analyzing food composition tables from 8 European countries (EUROFIR database [7]
and a large product database covering the food markets of 13 European countries [8]) indicate that
for all the European countries evaluated, the Nutri-Score classification of foods was consistent with
public health nutritional recommmendations: most products containing mainly fruits and vegetables are
classified in category A or B, while most sweet products and salted snacks, sauces and animal fats are
classified in D or E. The method of classification was also confirmed in individual food groups: in the
starchy products group, legumes, pasta and rice are rated more favorably than breakfast cereals; in
the dairy group, milk and yogurt are rated better than cheese. Regarding beverages, most fruit juices
were classified as Class C, carbonated beverages as Class E, and water as Class A [2].




However, it is important to complement the information provided in in Hercberg et al. (2021) [2]
with one of the system’s many important gaps, whereby carbonated beverages with sweeteners

receive a very favorable rating and are classified in Class B, while fruit nectars receive a very
unfavorable Class E (which is discussed in more detail below).

2.4.1. NUTRI-SCORE VS. OTHER NUTRITIONAL INDICATORS

The currently promoted Nutri-Score nutrition indicator has been widely studied as to its applicability.
The work of Egnell et al (2018) [9] compared the ability to understand nutritional information for five
indicators:

* Health Star Rating system (HSR),
e Multiple Traffic Lights (MTL),

* Nutri-Score,

e Reference Intakes (RIs),

* Warning symbol.

Fig. 2 Example of the label used for pizza [9]

Labelling Condition Example of One Food Category: Pizzas

& P
PIZZA (zzo.
No label NR 1 NR2
N/ ) U/

Health Star Rating
system

o, ) R TR Em
‘k 1.5 * 274keal | 8.7g | 1.4g [594m

@ 231keal | 3g 2.3g |689mg
veatrs o N

PER 100g

@ 191keal | 2.6g | 2.7g [335mg
weatrsrae R N

PER100g

PER 100g

Each 170g serve contains Each 170g serve contains Each 170g serve contains
MED MED MED MED  MED

Fats Saturates Salt Sugars Fats Saturates Fats Saturates
12.2g | 4.49g 159 3.99 | 18.59 5.19 28.4g [ 14.79

17% 22% 24% 26% 26%

Multiple Traffic Lights

of an adult’s reference intake of an adult’s reference intake of an adult’s reference intake
Typical values per 100g: Energy 191kcal Typical values per 100g: Energy 23Tkcal Typical values per 100g: Energy 231kcal

NUTRI-SCORE NUTRI-SCORE NUTRI-SCORE
Each 170g serve contains Each 170g serve contains Each 170g serve contains

Reference Intakes
labels
16% 5% 17% 22% 24% 20% 4% 26% 26% 50% 23% 3% 41% 74% 43%

of an adult's Reference intake of an adult's Reference intake of an adult’s Reference intake

Warning Symbol o o @




The study group consisted of 1000 participants from 12 countries. Their task was to rank three sets of
products (a set of three pizzas, a set of three cakes, and a set of three breakfast cereals) based on the
front of pack labeling (FOPNL) used, from best in nutritional value to worst, guided by the information
provided on the label (Fig. 2).

In all countries of the study and in all three food categories, the Nutri-Score performed best, followed
by the MTL, HSR, warning symbol, and RI. In the discussion, the authors point out that two features
appear to affect the understanding of FOPNL: the use of colors and summary information as opposed
to nutrient-specific information. The use of colors in FOPNL-type information for Nutri-Score and MTL
was associated with the highest increase in comprehension. The use of colors has been shown to be
critical to the relevance of FOPNL because colors tend to attract attention. Furthermore, the use of
the familiar polychromatic green-red scale (or, as in the case of Nutri-Score, green-dark orange) may
be an important feature of color-coding FOPNL.

The authors emphasize that a key element of the FOPNL format that may affect its ability to improve
understanding of nutritional quality is the presence of a summary indicator, rather than just nutrient
information. FOPNL provides synthesized information that may be associated with reduced cognitive
load, resulting in faster processing and less difficulty in understanding the meaning of the informa-
tion provided. Key to the interpretation of the results obtained is the use of a coding scale using
a green-red polychromatic scale. Given the specific neurobiological aspects of human color reco-
gnition, green/red signals are considered the easiest colors to distinguish.

Indeed, the green and red colors, corresponding to recognized signals, may be easier to understand
and interpret, with green being associated with safety and the "start” signal, and red with danger and
the "stop” signal. The dark orange designation used in the Nutri-Score appears to be a procedure to
reduce the negative classification of products. However, in the study itself, the authors analyzed the
different color designations of FOPNL.

What they did not analyze was whether the red or dark orange color coding would have a dif-
ferent effect on the interpretation of how important a product is to have in the daily ration. It is
highly likely that both colors are similarly interpreted by consumers and that the dark orange
color would be similarly interpreted as a "stop” signal, especially when present alone in the color
scheme used. The use of the "dark orange” color seems to be purely formal. In the color palette,

this color is deceptively similar to a shade of red, and it is questionable whether consumers will be
so discerning about the nuances of the color palette. The objective of the Nutri-Score system is to
provide information that is concise and quick to interpret, so no matter how we describe a color -
dark orange or a shade of red - it can be expected to be interpreted as information consistent with
the color scheme of traffic lights (green for start, yellow for caution, red for stop, and the shade of
these lights can vary depending on lighting conditions and materials used).

This is an issue that should be subjected to appropriate scientific analysis. It is also unclear how the
dark orange color will ultimately look on packaging after it has been produced by different manufac-
turers. This is because the use of different printing materials and different types of packaging may
produce different color impressions, especially when interpreted in rooms with varying lighting. This
calls for research to determine whether consumers will interpret red or dark orange differently when
they appear alone on the front of the package. The cited study by Egnell et al. (2018) [9] indicates that
they will interpret them similarly.



However, despite the interesting design of the study and the many potentially interesting insights
to be gained from it, it is not without flaws. First, it should be noted that three product groups were
used for the evaluation, and the efficacy scores were determined within the group, not between them.
Therefore, it cannot be concluded to what extent the choices will translate into an overall dietary pat-
tern. Second, heavily processed products were selected for the study, and different versions of the
same product (pizza, breakfast cereal, and pastries) were selected. It is relatively simple and possible
to change the composition of these types of products. The situation could change significantly if
low-processed products or those the composition of which is strictly determined by their nature and
method of manufacture were included in the evaluation, and when it would be required to indicate
which products from different food groups are desirable in the diet and in what quantity. Such pro-
ducts include, for example, sea fish, rennet cheeses, and other dairy products. Third, the authors find
that the respondents rated the nutritional value of the products better. It should be noted, however,
that the Nutri-Score color-coding algorithm uses only selected components that affect nutritional
value. It does not take into account, for example, the content of vitamins, minerals, essential fatty
acids, fiber fractions, the nutritional value of protein and mutual proportions between individual die-
tary components, as well as nutrient density and conversion of the content of components in relation
to energy value.

Also, what is worth emphasizing, and which follows directly from the conclusions drawn by the
authors, a good understanding of the labeling by the respondents is not necessarily associated

with a better understanding of the nutritional value of the products.

It is indicative of the ability to rank colors (and thus labeled products) according to the generally
accepted worldwide way of interpreting them, i.e., green as "start” and red as "stop.” This works in
the case of the three examples of processed products cited here in the evaluation between different
versions of the same product, within the same product group.

But what if products from different food groups are evaluated? In this case, orange-labeled pizza,
breakfast cereals and confectionery would be in the same food group as high-quality, low-pro-
cessed products such as rennet cheeses, fatty marine fish, fruit juices, good quality cold meat
products, regional products and even organic products.

Finally, it should be noted that the authors did not take into account the size of packaging in the pro-
posed products, which can also be considered a drawback of the proposed indicator. There is a risk of
consumers choosing products with favorable labeling but in larger packages. The lack of considera-
tion of portion size may result in the consumption of more products with favorable labeling, resulting
in more energy intake and components with adverse health effects in the dietary ration.

DRAWBACKS OF NUTRI-SCORE SYSTEM EVALUATION STUDY:

The study ~ Only
was performed significantly
on a group of . processed

three products products were .
P Products Y3y The size of

were tested g packages or
only within / portions were
one group, and not included
not between
groups

only




3. CURRENT DIETARY

RECOMMENDATIONS AND
HEALTHY DIETARY PATTERNS

3.1. DIETARY RECOMMENDATIONS

3.11. HEALTHY DIET. WHO RECOMMENDATIONS

The World Health Organization has made recommendations for a healthy diet [10].

A healthy diet, helping to protect against malnutrition in all its forms, as well as against

non-communicable diseases, should include the following elements:

energy supply of the diet must be balanced with energy expenditure,

total fat content of the diet should not exceed 30% of its total energy value. The amount of energy
provided from saturated fatty acids should not exceed 10% of the total energy value of the diet, and
from unsaturated trans fatty acids should be less than 1%. These fats should be replaced with unsa-
turated fatty acids. Industrially produced unsaturated trans fatty acids should be eliminated from
the diet,

amount of energy provided from sugars should not exceed 10% of the total energy value of the diet.
A further reduction to less than 5% is suggested for additional health benefits,

salt intake should be less than 5 g per day (equivalent to sodium intake of less than 2 g per day).

Following a healthy diet helps maintain good health. However, increased production of processed
foods, rapid urbanization, and changing lifestyles have led to changes in dietary patterns. People are
now consuming more foods rich in energy, fat, free sugars, and salt/sodium, and many people are not
consuming enough fruits, vegetables, and dietary fiber from whole grain cereal products and legumes.

The composition of a healthy diet includes:

fruits, vegetables, legumes (e.g., lentils and beans), nuts, and whole grains (e.g., unprocessed corn,
millet, oats, wheat, and brown rice),

at least 400 g (i.e,, five portions) of fruit and vegetables per day, excluding potatoes, sweet pota-
toes, manioc and other root vegetables with a significant starch content,

less than 10% of total energy from sugars, equivalent to 50 g (or about 12 flat teaspoons) of sugar
for a person of normal body weight consuming about 2,000 calories per day, but preferably less
than 5% of total energy intake for additional health benefits. This includes all sugars added to foods
or beverages by the manufacturer, cook or consumer, as well as sugars naturally occurring in honey,
syrups, fruit juices and fruit juice concentrates,

less than 30% of dietary energy supply from fat. Unsaturated fats (found in fish, avocados and nuts,
sunflower, soybean, canola and olive oils) are better than saturated fats (found in fatty meats, but-
ter, palm and coconut oil, cream, cheese and lard) and trans unsaturated fatty acids - industrially
produced (found in baked and fried foods and packaged snacks and foods such as frozen pizza,
cakes, cookies, waffles, and frying oils and pastes) and naturally occurring in foods (found in meat
and dairy products from ruminant animals such as cows, sheep, and goats). It is recommended that
saturated fatty acid intake should be reduced to less than 10% of dietary energy and trans unsatu-
rated fatty acids to less than 1% of energy. In particular, industrially produced trans fats are not part
of a healthy diet and should be avoided,

less than 5 g of salt (equivalent to about one teaspoon) per day.

10



3.1.2. DIETARY RECOMMENDATIONS FOR AMERICANS 2020-2025

The following is a concise summary of the dietary recommmendations for Americans published in 2020
by the USDA (U.S. Department of Agriculture) [117.

* A healthy eating pattern should be followed at every stage of life. It is never too early or too late to
start eating healthy.

[¢]

Infants should be fed exclusively breast milk for about the first 6 months of life and continue for
at least the first year of the child's life, and even longer if needed. When breast milk feeding is
not possible in the Ist year of life, the milk mixes used should be fortified with iron. Infants should
additionally be given vitamin D supplementation soon after birth.

At about 6 months, nutrient-rich complementary foods should begin to be introduced into
the infant's diet. Potentially allergenic foods are included in the infant's diet along with other
complementary foods. Infants and young children should be encouraged to eat a variety of
foods, from all food groups. The diet should include foods rich in iron and zinc, especially for
breastfed infants.

Starting at 12 months of age, healthy eating pattern should be followed to achieve a healthy body
weight and reduce the risk of chronic disease.

Nutrient-dense food and beverage choices should be adjusted to personal preferences, cul-
tural traditions, and budget possibilities so that to feel pleasure in consuming them. A heal-

thy dietary pattern can be achieved by anyone, regardless of age, race, ethnicity, or current
health status.

* Foods and beverages of high nutritional value should be selected, within the amount provided from
each food group, without exceeding individual energy needs. Nutritional needs should be met pri-
marily from foods and beverages. The basic elements that make up a healthy dietary pattern are as
follows:

o

o

@)

@)

vegetables of various kinds - dark green, red and orange, legumes, root vegetables and others,
fruits - especially whole,
grain products, at least half of which are whole grain products,

dairy products, including fat-free or low-fat milk, yogurt and cheese and/or lactose-free versions and
fortified soy beverages and yogurts,

protein-rich foods, including lean meats, poultry and eggs, seafood, legumes, nuts, seeds and soy
products,

oils, including vegetable oils and fats found in foods such as seafood and nuts.

e Consumption of foods and beverages containing higher amounts of added sugars, saturated
fatty acids, and sodium should be limited, and consumption of alcoholic beverages should be
restricted.

o

Added sugars in the diet should provide less than 10% of the energy value of the diet after age 2.
Foods and beverages with added sugar should be avoided in the diets of younger children.

Saturated fatty acids should provide less than 10% of the energy value of the diet, starting at age 2.
The amount of sodium in the diet should be less than 2300 mg per day, and even less in the diet
of children under 14 years of age.

Adults may choose not to consume alcoholic beverages or to drink them in moderation, limiting
consumption to two drinks or less per day for men and one drink or less per day for women. Con-
suming less alcohol is more beneficial to health, and some adults should not consume alcohol at
all (oregnant women, for example).




3.1.3. NUTRITION RECOMMENDATIONS FOR POLES, PREPARED BY THE NATIONAL
INSTITUTE OF PUBLIC HEALTH - NATIONAL INSTITUTE OF HYGIENE (NIZP-PZH)

In 2020, the Principles of healthy nutrition were published in the form of a "Plate of healthy nutrition”,
developed by the National Institute of Public Health - PZH [12]. They are graphically illustrated in the
form of a plate containing a variety of products, which denote the recommmended proportions of indi-
vidual product groups in the whole-day diet. Half of the consumed food should be vegetables and
some fruit, a quarter should be products providing complex carbohydrates (groats, oatmeal, whole-
meal bread, wholemeal pasta) and the other quarter should be protein-rich products (fish, poultry,
milk and milk products, eggs, nuts, pulses).

The liguids recommended in the diet are water, tea, coffee, also liquid vegetable fats are recommen-
ded. Salt, processed foods and sweets should be avoided.

Practical guidelines for the composition of the diet according to the NIZP-PZH:

e more multicolored vegetables and fruits (while making sure that vegetables dominate the diet),
whole grain cereals, legumes, fish (especially fatty sea fish), low-fat dairy products, and nuts and
seeds should be consumed,

e it is advisable to reduce the amount of salt, red meat and processed meat products, sugar and swe-
etened beverages, and processed foods high in salt, sugar and fat in the diet,

* processed cereals should be replaced with whole grains; red meats and processed meats with fish,
poultry, eggs, pulses and nuts; sweet drinks with water; animal fats with liquid vegetable fats; fatty
dairy products with low-fat versions,

* cooking techniques such as grilling, frying should be changed for cooking (including steaming),
stewing or baking.

3.1.4. EUROPEAN SOCIETY OF CARDIOLOGY GUIDELINES ON DIETARY
RECOMMENDATIONS FOR THE PREVENTION OF CARDIOVASCULAR DISEASE

The European Society of Cardiology has also developed its own guidelines on proper nutrition [13].
According to these guidelines, a healthy diet should have the following features:

* saturated fatty acids should provide < 10% of the total energy value of the diet, which can be achie-
ved by replacing them in the diet with polyunsaturated fatty acids, monounsaturated fatty acids and
whole grain cereal products,




* intake of trans unsaturated fatty acids should be as low as possible. Processed foods that are

sources of these should be eliminated from the dietary ration,

* salt intake < 5 g per day from all sources,

« daily intake of 30-45 g fiber, mainly from whole grain products,
e at least 200 g of fruit per day (2-3 portions),

e at least 200 g of vegetables per day (2-3 portions),

* consumption of red meat should be limited to 350-500 g per week, especially processed meat pro-
ducts should be present in the diet in minimal amounts,

e eating fish at least twice a week. Choosing oily fish is preferred,
e 30 g of unsalted nuts per day,

e consumption of alcoholic beverages should be no more than 100 g of alcohol per week for both men
and women,

e patients should be discouraged from consuming sweetened soft drinks.

The risk of cardiovascular disease is reduced when saturated fatty acids are replaced with poly-
unsaturated fatty acids, monounsaturated fatty acids, and whole grain cereal products, while

keeping the energy content of the diet constant. Reducing the intake of saturated fatty acids is
simultaneously associated with a reduction in dietary cholesterol.

Unsaturated trans fatty acids, formed during industrial fat processing, have adverse effects on total
cholesterol (increase) and HDL cholesterol (decrease). On average, a 2% increase in dietary energy
from these types of fatty acids increases the risk of developing ischemic heart disease by 23%. Their
amount in the diet should be as low as possible.

Reducing sodium intake lowers blood pressure. The DASH (Dietary Approaches to Stop Hyperten-
sion) diet study showed a dose-response relationship between reducing dietary sodium and lowering
blood pressure. Since the average Western diet is too high in salt content, salt reduction should be
recommended. The WHO recommends that the maximum intake should not exceed 5 g/day (approxi-
mately 2000 mg sodium).

Each additional serving of fruit (equivalent to 77 g) and vegetables (equivalent to 80 g) per day redu-
ces the risk of mortality. Consuming more than five servings of fruits and vegetables does not further
reduce mortality from any cause. A single serving of pulses per day lowers LDL cholesterol and is
associated with a lower risk of developing ischemic heart disease.

A daily consumption of 30 g of (mixed) nuts significantly reduces the risk of cardiovascular disease
(by about 30%) due to atherosclerosis.

Both for health reasons and in order to protect the environment, it is advisable to eat less meat, espe-
cially processed meat. Replacing red meat with high-quality plant foods (i.e., nuts, soy, and legumes)
lowers LDL-C cholesterol levels. Greater consumption of processed meat products and unprocessed
red meat is associated with a greater risk of atherosclerotic cardiovascular disease.

Eating fish at least 1-2 times a week, especially those rich in omega-3 polyunsaturated fatty acids,
helps reduce the risk of ischemic heart disease and stroke. The highest risk of these types of diseases
has been observed in groups that do not consume or consume very small amounts of fish.

The upper safe limit for drinking alcoholic beverages is approximately 100 g of pure alcohol per week,
and this limit is similar for men and women.

Regular consumption of sugar-sweetened beverages (i.e., two servings per day versus one serving per
month) is associated with a 35% higher risk of coronary heart disease in women (shown in the Nur-
ses' Health Study), whereas artificially sweetened beverages did not affect the risk of these diseases.
However, in the EPIC (European Prospective Investigation into Cancer and Nutrition) cohort, both
artificially sweetened and sugar-sweetened soft drinks were associated with increased mortality from
any cause, while only the former was associated with cardiovascular disease [14]. The results of the
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above studies indicate the negative health effects of consuming excessive amounts of sugar-sweete-
ned beverages. It is also important to note from the EPIC study that drinks sweetened with sweeteners
may also have a negative effect on the human body.

3.1.5. THE POSITION OF THE POLISH SOCIETY OF PEDIATRIC GASTROENTEROLOGY,
HEPATOLOGY AND NUTRITION

The Position Paper of the Polish Society of Pediatric Gastroenterology, Hepatology and Nutrition on
the principles of nutrition of healthy children [15] states that:

e the term "free sugars” as defined by the WHO refers to mono- and disaccharides added to foods
and the natural sugars found in honey, syrups and fruit juices,

* the intake of free sugars should be limited. In children > 2 years of age and adolescents, they should
account for < 5% of total energy intake, and in infants and younger children the intake of free sugars
should be even lower,

e drinks containing sugars, fruit cocktails, and sweetened dairy products should be replaced with
water and unsweetened substitutes containing a maximum of lactose equal to the natural amount
in milk and dairy products,

e fruit juices should not be given to children under 1 year of age (except on medical grounds). The
consumption of fruit juices in this age group has the potential to reduce the amount of protein, fats
and iron in the diet, with an increased intake of simple carbohydrates, which translates into a higher
risk of caries,
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e for older children, juices can be part of the diet and serve as a meal supplement or snack.
However, the amount of juice consumed should not be more than half the recommended daily

portion of fruit and fruit products. This corresponds to a maximum of: 120 ml of juice/day for
children aged 1-3 years, 180 ml of juice/day for children aged 4-6 years and 240 ml of juice/day
for older children and adolescents.

Beverages containing steviol glycosides (from stevia), natural sweeteners (polyols) and intense swe-
eteners (such as aspartame, acesulfame K, saccharin) are not recommended for children’s diet. These
include sweetened soft drinks, flavored waters, energy drinks, carbonated drinks, sugar-containing
sports drinks, which are harmful to health because they increase the risk of weight gain, dental caries,
cardiovascular disease, diabetes and fatty liver; caffeinated drinks, which can make children irritable,
cause sleep disturbances, headaches and concentration problems.

3.1.6. ESPEN RECOMMENDATIONS FOR CLINICAL NUTRITION AND HYDRATION
IN GERIATRICS

In 2018, ESPEN guidelines on clinical nutrition and hydration in geriatrics were published [16]. The
section on hydration for older adults recommends that older adults should be offered a range of
appropriate (i.e., rehydrating) beverages according to their preferences. The commentary notes that
beverages that have a rehydrating effect on the body include water, sparkling water, flavored water,
hot or cold tea, coffee, milk and milk drinks, fruit juices, sports or soft drinks, smoothies, and soups.
There is a common myth that needs to be dispelled that we need to drink pure water to stay hydrated
- this is not the case. Beverages should be selected according to the older person's preferences, and
nutritional value should be taken into account so that dairy drinks, fruit juices and smoothies, high-
-energy drinks, and fortified drinks will work beneficially in certain circumstances. Despite concerns
about the "dehydrating” effects of caffeine and alcohol, there is good evidence that coffee does not
cause dehydration, nor do alcoholic beverages up to 4% alcohol.

There is also strong evidence from two randomized clinical trials that the hydration potential of most
soft drinks, such as hot or iced tea, coffee, fruit juice, sparkling water, carbonated drinks, and beer,
is very similar to water [1718]. Although these studies focused on younger adults, they suggest that
variety, offering a wide variety of beverages and drinks preferred by older adults, will be both hydra-
ting and more pleasurable than simply drinking water. Also of note, providing hydration from alterna-
tive sources (other than water) for older adults is helpful in preventing the occurrence of nutritional
deficiencies. As a result of involution processes, many nutritionally disadvantageous changes occur
in the body of elderly people, such as atrophy of gastrointestinal mucosa, atrophy of salivary gland
secretory cells (and decrease in saliva secretion), deterioration of dentition, deterioration of taste
and smell, dysphagia, decrease in secretion of some enzymes (lactase) or decrease in absorption of
selected nutrients (e.g. vitamin B12). This is additionally compounded by adverse changes in the body
resulting from chronic diseases.

Fluid supplementation through increased intake of selected food products, e.g. juices, smo-
othies, and fruit and vegetable nectars rich in selected vitamins, minerals, and phenolic com-

pounds, is important in supplementing the diet of the elderly with essential nutrients that are
otherwise difficult to provide.




3.2. PRO-HEALTHY EATING PATTERNS

3.21. MEDITERRANEAN DIET

A dietary pattern that has been shown to have beneficial effects on reducing cardiovascular risk and
mortality is the Mediterranean diet. This diet includes a high intake of fruits, vegetables, pulses, whole
grain cereals, fish and olive oil, moderate alcohol consumption and low consumption of (red) meat,
dairy products and saturated fatty acids, as well as regular consumption of nuts.

Table 2. Mediterranean diet in terms of recommended number of food groups [19]

Group of products Frequency of consumption

Unprocessed cereal products > 4 servings/day
Vegetables > 4 servings/day
Potatoes > 2 servings/day
Fruits > 3 servings/day

Whole milk products <10 servings/week
Red meat < 1servings/week

Fish > 6 servings/week

Poultry < 3 servings/week

Pulses, seeds > 6 servings/week
Olive oil > 1 servings/day

Alcohol < 300 ml/day




3.2.2. DASH DIET

The DASH diet recommends eating whole grain cereals, vegetables and fruits, low fat dairy products,
lean meats, poultry, fish, nuts and legumes. This diet provides large amounts of nutrients such as
calcium, potassium, magnesium and dietary fiber, and little fat, saturated fatty acids and cholesterol.
Daily sodium intake is limited to 2400 mg (5 g of table salt). The table shows the characteristics of
the DASH diet.

Table 3. Assumptions of the DASH diet in terms of the recommended number of food groups and the
supply of selected dietary components [19]

Group of products Frequency of consumption
Cereal products > 7 servings/day
Vegetables > 4 servings/day
Fruits > 4 servings/day
Meat, poultry, fish < 2 servings/day
Nuts, seeds and pulses > 4 servings/week
Total fat intake < 27% energy from diet
Saturated fats < 6% energy from diet
Sweets < 5/week
Sodium < 2400 mg/day

3.3. NUTRI-SCORE IN LIGHT OF CURRENT RECOMMENDATIONS
AND DIETARY PATTERNS

The Nutri-Score algorithm contributes significantly to the WHO Dietary Guidelines and other dietary
recommendations for the prevention of diet-related diseases, particularly obesity and cardiovascular
disease, by determining the content per 100g or 100ml of product:

a) energy,

b) saturated fatty acids,

c) salt,

d) fat,

e) fruit and vegetable supply,
f) dietary fiber supply,

g) dietary protein supply.

The Nutri-Score is not a substitute for general public health recommendations, especially dietary
guidelines based on the consumption of food groups aimed at consumers to achieve a healthy

diet. It provides support during the implementation of certain dietary guidelines, but to serve its
purpose correctly, it must be well understood [2], which, however, can be made much more diffi-
cult due to consumers' lack of knowledge about the system and its interpretation.

While the nutrition logo refers to the nutritional value of specific foods, the dietary recommendations
focus on the consumption of food groups such as fruits and vegetables, pulses, dairy products, meat
products, fish, added fats, sweets and confectionery. In addition - and this must be emphasized - the
recommendations pay attention to the consumption of unprocessed or minimally processed foods and
to limiting the consumption of ultra-processed foods, as well as to the regular consumption of meals
with an appropriate composition.
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There is a great deal of variability in composition within food groups, and this is particularly true for
foods with significant processing. While Nutri-Score may allow for the selection of a particular product
with a more favorable composition when comparing the same type of product (e.g. pizza, breakfast
cereal, etc.) within a specific group, it is to be expected that when comparing different products within
the same group, it may similarly score products that differ significantly in micronutrient composition,
bioactive substances, digestibility, glycemic index.

FOR EXAMPLE:

Different varieties of rice Some fruit juices will be Fish with a higher fat content
will be graded A despite signi- graded C or D and nectars will will be graded similar to lean
ficant differences in glycemic be graded E despite their fish or even lower.
index. provision of vitamins and

minerals and bioactive
substances, while drinks
sweetened with sweeteners
will be graded B despite their
artificial additive content and
lack of nutrient content.

In addition, when comparing the categories assigned to products in the Nutri-Score, products in the
dietary promoted food groups and the food groups to be restricted may receive similar ratings and be
treated similarly, chosen by consumers or eliminated regardless of their impact on diet quality.

Thus, a consumer may choose a highly processed product within a food group that should be
eliminated, believing it to be healthier (for example, pizza or breakfast cereal), and eliminate

products from another group that are worth including in the diet (for example, fatty fish or dairy
products) that score similar or lower on the Nutri-Score.

Over the past few years, there have been many epidemiological studies evaluating Nutri-Score. The
main thrust of these studies has been to evaluate how dietary rations vary according to the use of pro-
ducts with high and low Nutri-Score. The vast majority showed a clear effect of using diets containing
products that received a more favorable Nutri-Score on improving diet quality, reducing mortality, and
improving blood parameters among study participants, but the studies were mainly conducted by the
developers of the system itself.

Studies conducted by independent researchers are also needed.

Julia et al (2015) [20] found that, in general, the distribution of food items for the French market in
categories similar to the Nutri-Score (5-colour nutrition label; 5-CNL), whose scale was also based on
five colors and a gradation system from A to E, was consistent with French recommendations: 95.4%
of "Fruits and vegetables”, 72.5% of "Cereals and potatoes” were classified as "green” or "yellow", while
86.0% of "Sweet snacks" were classified as "pink" or "red". For beverages, added fats and cheese,
adjustments to the original Food Standards Agency scoring calculation model were required to com-
ply with official French dietary recommendations. Similar results were obtained for the UK market [21].
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Subsequent studies have shown that individuals with a dietary profile corresponding to a better index
according to the “Food Standards Agency nutrient profiling system” (FSA NPS) have higher intakes of
fruits, vegetables and fish, lower intakes of sugary, fatty and salty snacks, higher intakes of fiber, vita-
min C, beta-carotene, calcium, zinc and iron, lower intakes of saturated fatty acids, better adherence
to public health dietary recommendations and more favorable antioxidant profiles (higher blood levels
of vitamin C and beta-carotene) [22].

Research findings on the association of an individual dietary index (corresponding to a nutrient pro-
filing system) with health outcomes are also promising. Food consumption based on the Food Stan-
dards Agency nutrient profiling system (FSA NPS) was associated with a lower risk of developing
chronic diseases, including cancer, cardiovascular disease, weight gain, and metabolic syndrome. In
addition, Nutri-Score labeling positively affected the overall nutritional quality of shopping carts, and
Nutri-Score performance outperformed all other labels tested [2].

A study by Finkelstein et al (2019) [23] also showed better performance of Nutri-Score in shaping
an appropriate diet compared to the English Multiple Traffic Lights (MTL) system and control group.
However, it is worth noting that the numlber of calories consumed and sugars from beverages were not
significantly reduced in Nutri-Score, unlike MTL. This suggests a better performance of the MTL label
in obese individuals and those with metabolic diseases when the energy value of the dietary ration
needs to be reduced and/or simple sugars in the diet need to be reduced, compared to Nutri-Score
and packages without nutritional indicators.

Also, a study by Dréano-Trécant et al (2020) demonstrated the effectiveness of the Nutri-Score sys-
tem in supporting healthier dietary choices among study participants. As indicated by the authors,
Nutri-Score would be an appropriate tool to distinguish the nutritional value of products within and
between relevant food groups in different European countries, with consistency with dietary recom-
mendations [24].

However, not all studies have obtained such optimistic results. All recommendations for proper nutrition
and health-promoting dietary patterns for both children and adults assume low consumption of highly
processed foods. Highly processed foods are usually high in energy and are a rich source of saturated
fatty acids, sodium, simple sugars and cholesterol, which in turn are associated with an increased risk
of obesity, type 2 diabetes, cardiovascular disease and other metabolic diseases. The study by Fer-
reiro et al. (2021), on the other hand, tested the presence of highly processed products in groups of
products with different Nutri-Score [25].

It was shown that ultra-processed foods were found in all product groups,
from Nutri-Score A to Nutri-Score E, according to the NOVA 4 classification.

NUTRI-SCORE NUTRI-SCORE NUTRI-SCORE NUTRI-SCORE NUTRI-SCORE

26,08% 51,48% 59,09% 67,39% 83,69%

Obviously, the presence of ultra-processed foods inside groups A and E shows a large discrepancy,
but they are also found in a very high percentage among foods categorized as A, B and C. It was
shown that more than half of the products in categories B-D were highly processed, which may raise
reasonable doubts whether the Nutri-Score can be used alone, which is rightly questioned by the
authors of the above-mentioned study, and whether it will have a beneficial effect on improving the
dietary pattern.
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4. NUTRI-SCORE SYSTEM AND THE
POTENTIAL FOR CONSUMER
CONFUSION ABOUT NUTRITION

According to its assumptions, Nutri-Score is a system whose main task is to enable the selection of
better versions (due to composition) between similar food products. This system, as indicated by
a large body of research, fulfills its objectives and shapes a better choice of individual product ver-
sions. Despite the promising results it achieves in research, i.e., effective influence on consumer beha-
vior, it is not free of flaws and does not stand out from other systems. It is worth noting that other
indicators used also influence the formation of proper eating patterns.

It is important to look at Nutri-Score in its full light, not only through the prism of advantages,
but also imperfections. Bypassing the limitations of the Nutri-Score methodology can result in

reduced consumption of products or product groups that, despite their low Nutri-Score grading,
can be very valuable components of a well-balanced diet, both nutritionally and sensorially, and
in feeding groups of different ages.

It is important to remember that the labeling used on the front of the package in the form of a large
simplification will influence possible food choices not only of adults, but also of children, adolescents,
the elderly and people with chronic diseases.

41. NUTRI-SCORE AS AN ALGORITHM PER 100 G OR 100 ML
OF PRODUCT

The algorithm for the Nutri-Score labeling system involves determining the content of selected ingre-
dients and energy per 100 g of product. Only the energy value of the diet and four negatively and
three positively interacting dietary components were considered. The final attitude of consumers to
the amount of consumption of products labeled with the different colors is not known. The labeling
will be on packages ranging in size from small, such as 50 g, to large, such as 1000 g.

No consideration is given to the typical portion size of products consumed. Thus, there is a risk
that both similar products from a higher Nutri-Score category will generally be consumed in lar-
ger amounts, and products in large packages with a label from a higher Nutri-Score category may

be consumed without any thought that they should be consumed in a certain amount, and the
label refers to the amount per 100 g. Ultimately, this can increase the energy value of the diet and
the supply of health-unfriendly nutrients.

A study by van den Akker et al (2022) indicated that the Nutri-Score promotes healthier dietary choices,
but this did not affect package size selection [26]. This implies that choosing a healthier product may
translate into consuming more of the product in a larger package size, and thus consuming more of the
ingredients that Nutri-Score distinguishes as negative. Table 4 shows two commercially available cream
cheeses. According to the research presented in earlier chapters, a consumer, wanting to eat healthily,
would likely choose the product with the better Nutri-Score gradation while disregarding the package
size as mentioned above. Since for such packages, the amount of product intake is typically equivalent
to the size of the package, it is reasonable to assume that a consumer choosing the better labeled pro-
duct will consume more energy, saturated fatty acids, and simple sugars as a function of the amount of
product consumed than if the consumer chose the product with the lower gradation and consumed the
appropriate amount.
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Table 4. Comparison of nutrient content of commercially available cream cheeses by package size

Cream cheese | — Cream cheese,
XXL, brand “X” | SERE I brand “Y”

Nutri-Score

Weight [9] (conli(r)sion) (paii(a)ge) (conl/(;(r)sion) (paligge)
Energy [kcal] 102 204 18 177
Protein [g] 53 10,6 4.8 72
Saturated fatty acids [g] 1,9 3,8 1,9 2,85
Sugar [g] 12,6 25,2 16 24
Fiber [g] O ) O O
Salt [g] 0,08 0,16 01 0,15

Also, as highlighted earlier, energy intake and sugars from beverages were not significantly reduced in
the Nutri-Score [23]. This may be precisely due to the lack of portion size distinction. Table 5 shows
two drinking yogurts on the market today. Despite the favorable Nutri-Score gradation, consuming
these yogurts in larger amounts (equivalent to a whole package) will be associated with a higher intake
of simple sugars, which the consumer may not pay attention to if guided by the Nutri-Score alone. The
energy value is also significant, supporting the observations made by Finkelstein et al. (2019).

Table 5. Comparison of nutrient content in commercially available drinking yogurts by package size

11
Strawberry - Srink . i
flavored yogurt rinking yogur
dessert m with mint flavor é
: 100 280 100 350
Weight [g] (conversion) (package) (conversion) (package)
Energy [kcal] 63 176,4 70 245
Protein [g] 1,6 4,48 2,8 10,64
Saturated fatty acids [g] 0,5 2,8 0,8 2,8
Sugar [g] n7 32,76 10,1 35,35
Fiber [g] 0 0 0 0

Salt [g] 0,05 0,14 0,05 0175




In addition, the failure of the Nutri-Score to distinguish between the serving size of a product (or
package size) consumed, but only to convert to 100 g or 100 ml of a product, may lead to reduced
consumption of products with poorer gradations that are customarily consumed in smaller quan-
tities. Table 6 shows an example of commercially available cheese. The consumer, looking only at the
Nutri-Score, will not notice that camembert cheese is consumed in much smaller quantities than the
whole package, and feta cheese serves as an accompaniment to other dishes (mainly salads) and is
also consumed in much smaller quantities. It is therefore customary in these products to consume
much smaller amounts of the ingredients and, when converted into suggested portions, the foods
presented no longer pose a significant health risk to the consumer and may even prove to be healthier
compared to products of better gradation that will be consumed in larger amounts. Even comparing
the products in Tables 4-6, one can see that following the manufacturer's suggested serving translates
into consuming products with poorer gradations that will provide less energy and sugars, comparable
amounts of protein, and slightly higher amounts of saturated fat. In addition, and worth noting, feta
and camembert cheeses are rich sources of calcium (500 mg and 386 mg, respectively, per 100 g of
product) and essential amino acids, and eliminating them by a poorer Nutri-Score rating may lead to
impaired dietary intake of these nutrients. At the same time, specific requirements concerning the
nature of the product and its composition significantly limit the possibility of technological modifica-
tion of the product composition.

Table 6. Comparison of nutrient content of commercially available cheeses by package size

Feta type salad ‘ ;g’ . Camembert cheese

q.‘:!@"‘si

cheese Green pepper

NUitr=5g0rE (COHLOG?SiOD) (suggisted (cong?sion) (sugégsted
serving) serving)

Weight [g] 227 125 357 107
Energy [kcal] 10 55 17 5]
Protein [g] 10 55 20 6,1
Saturated fatty acids [g] 2,8 1,5 <0,05 <0,05
Sugar [g] O ) @) @)
Fiber [g] 3,5 1,9 1,7 0,51
Salt [g] 3,5 1,9 1,7 0,51

4.2. NUTRI-SCORE VS. VITAMINS AND MINERALS

As mentioned earlier, Nutri-Score only assesses nutritional value based on energy value, simple
sugars, saturated fat, sodium, percentage of fruits and vegetables, and fiber and protein content per
100 g or 100 ml of product [27]. It does not take into account such values as the content of vitamins
and minerals and other bioactive components. Thus, products that are valuable sources of such
nutrients may often receive a lower Nutri-Score gradient than they actually deserve. Table 7 presents
some of the nutritional elements of selected beverages that are currently on the market.
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Table 7. Nutritional value of selected beverages (per 100 ml) and their Nutri-Score

. A "cola" beverage
0,
Blackcurrant nectar (ClEESIE ol sweetened with

EERISISES a sweetener
Energy [kcal] 195 187 0,9
Protein [g] <0,5 O 0
Saturated fatty acids [g] o) ) 0
Sugar [9] N 11 O
Fiber [g] O 0 O
Salt [g] 0 0 0,02
Nutri-Score e S
Vitamin C* [mg] 23,4 2,3 (0]
Iron* [mg] 1 0,2 (0]
Vitamin A* [mcg] 5 2 (0]
Vitamin E* [mg] 0,25 0,01 (0]
Anthocyanins., Polyphenols:
polyphenols: . .
Bioactive compounds anthocyanins, phe- catechln_s, _rutln, (0]
phlorizin,

nolic acid, flavonols,

proanthocyanidins chlorogenic acid

* Based on Tables of Composition and Nutritional Value of Food (Kunachowicz et al., 2018) [4]
Ingredients in bold are not included in the Nutri-Score

As can be seen from the comparison of beverages in Table 7, products with a higher nutritional value
due to a significantly higher content of vitamins, minerals and other bioactive compounds are assi-
gned a lower Nutri-Score due to the high content of simple sugars present in them (in the case of
juices, resulting from their content in the raw material from which they were made and not subject to
technological modification due to legislation on their production). In addition, nectars of blackcurrants
have a higher content of vitamins and minerals despite the lack of significant differences in energy
value compared to apple juice (difference of 8 kJ in 100 ml). However, they receive a worse Nutri-
-Score. In comparison, a “cola” drink is shown which, despite lacking any nutritional value, receives
a better Nutri-Score simply because it contains no added sugar, despite containing anti-nutritional
compounds such as phosphoric acid and sweeteners, whose long-term health effects are still not esta-
blished, and new reports indicate that they may be adverse. According to results from the EPIC studly,
consumption of artificially sweetened soft drinks was associated with increased mortality from any
cause [14]. The ESPGHAN Nutrition Committee [28,29] points out that the effects of sweeteners on
long-term metabolic health are currently not well understood and there is little evidence available to
develop an evidence-based recommendation for their use in children and adolescents. Also, the Polish
Society of Pediatric Gastroenterology, Hepatology and Nutrition [15] notes that artificially sweetened
beverages should not be used in the nutrition of children.

4.3. NUTRI-SCORE VS. FRUIT AND VEGETABLE JUICES

Additionally, special attention should be paid to juices. As mentioned, juices contain sugar derived
from the content in the original product, i.e., from fruits or vegetables, with lower protein and dietary
fiber content, resulting in a Nutri-Score that will fluctuate between C-D depending on their nutritional
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value. Given its content of many vitamins and minerals, both naturally occurring and as an additive due
to food fortification, as well as many other bioactive compounds, this rating is extremely unfair. This
impression is further reinforced by the fact that artificially sweetened beverages with no nutritional
value receive a B grade (as presented in Table 7). It is worth pointing out here that, according to the
HAPIEE study conducted by Garduno-Alanis et al. (2019), consumption of both sugar-sweetened and
artificially sweetened non-alcoholic beverages was positively correlated with the BMI of a study group
of 26,634 Eastern European participants, while no binding links were obtained for juices [30].

The presence of juice in the diet can have a positive impact on diet quality. As shown in
a study by O~ Neil et al (2011), consumption of 100% orange juice was associated with better

diet quality and better nutrient choice with no increase in the risk of obesity and overweight
in children [31].

This study therefore demonstrates that juices lead to an effect, which is the premise of the Nutri-
-Score in itself. Therefore, the low score of juices and nectars is all the more incomprehensible, while
these products fit into the goals and objectives of this system. Similar results were obtained by Sakaki
et al (2019). The results obtained in this study involving 26,554 children and adolescents from the
United States showed a reduction in the prevalence of obesity among boys consuming orange juice
(with no significant differences for girls) and a clear tendency for children consuming orange juice to
practice healthier eating habits and healthy lifestyles, without an increased prevalence of overweight
and obesity [32]. Rampersaud and Valim (2017) report that moderate consumption of citrus juices
can provide dietary improvement and does not appear to negatively affect body weight and com-
position or other anthropometric indices in children and adults [46]. In addition, a study by Ribeiro
et al (2017), conducted with 78 obese adult patients, indicates that a low-energy diet combined with
orange juice consumption contributes to weight loss and improves diet quality and obesity-related
metabolic outcomes to a greater extent than in control patients who consumed only a low-energy
diet without the addition of this juice. In addition, orange juice was shown to increase insulin sensiti-
vity and improve blood lipid profile and exhibit anti-inflammmatory effects [33]. Orange juice is not the
only one to exhibit these properties. A study conducted by Babaeian et al (2013) with type 2 diabetic
patients showed that consumption of unsweetened pomegranate juice improved insulin sensitivity,
reduced body weight and waist and hip circumference [34].




Adeqguate intake of juices in the diet is not only beneficial due to the improvement of anthropome-
tric parameters and insulin sensitivity. As numerous studies have shown, regular consumption of
juices also has a preventive and protective effect against many diseases. For example, a study by
Foschi et al (2010) involving a representative group of oncology patients with various cancer sites
showed that citrus fruits have a protective role against cancers of the gastrointestinal tract and
upper respiratory tract [35]. Jaganathan et al [2014] point out that the unique biochemical com-
position of fruit juices affects their anticancer properties [53]. On the other hand, a review study
by Ruxton et al (2006) clearly showed that there is no evidence to suggest that drinking fruit and
vegetable juices is less effective in preventing cancer and coronary heart disease compared to
consuming whole fruits and vegetables [36]. Also, the results of a study by Kim et al (2008) found
that regular consumption of kale juice with a meal has beneficial effects on serum lipid profile,
antioxidant potential and reduces the risk of coronary heart disease in men with hyperlipidemia
[37]. Similarly, a study by Crowe-White et al (2017) showed that drinking fruit juices reduces oxi-
dative stress and improves some blood lipid markers [51]. Also, a recent study by Scheffers et al.
(2019) observed beneficial effects of fruit juice consumption on reducing the incidence of cardio-
vascular disease [38]. On the other hand, Silvera et al. (2015) demonstrated that orange juice may
have an effect on reducing the risk of metabolic syndrome by reducing oxidative stress, inflamma-
tion, and improving lipid profile [52].

Juices in the daily diet have also shown potential effects on neurodegenerative diseases. Dali et al
(2006) observed that consumption of fruit and vegetable juices, which contain high amounts of poly-
phenols, reduces the risk of Alzheimer's disease [47]. Other researchers have observed that con-
sumption of orange juice improves cognitive function in middle-aged and older individuals [48-49],
and apple juice improves function in individuals with Alzheimer's disease [50]. There are even reports
available indicating that tomato juice administration may have a mitigating effect on the course of
bronchial asthma [54].

The health effects of fruit juice may be summarized by the insights from a recent review publication
by Rouxton and Myers (2021) [55].

The authors conclude that consumption of 100% fruit juices provides, in addition to car-
bohydrates, micronutrients and other bioactive compounds at levels similar to their occu-
rrence in whole fruit. The results show that consumption of these juices at levels in accor-

dance with dietary guidelines, i.e., 75-224 ml a day (depending on the age group), does not
increase the risk of developing obesity, type 2 diabetes, cardiovascular disease or worse-
ning glycemic control.

On the contrary, regular consumption of juices, even up to 500 ml per day, appears in short- and
medium-term studies to have health benefits in terms of vascular function and blood pressure reduction.
In addition, there is emerging evidence of beneficial effects of juices on cognitive function. Observa-
tional studies report associations between the presence of juices in the diet and an adequate sup-
ply of nutrients, and suggest that fruit juice consumption is associated with a reduced risk of stroke.
In conclusion, the authors state that fruit juices appear to offer more health benefits than risks, and there
appears to be no justification for discouraging their consumption by children, adults and the elderly
as part of a balanced diet [55].

Given the abundance of evidence and the role that juices can play in a balanced diet and in
forming good eating habits, it is questionable whether such a low grading on the Nutri-Score is
entirely valid, if not the more appropriate term would be discriminatory, given that a consumer

may wish to limit consumption of fruit and vegetable juices with a low rating for these products
when the alternative choice is higher-rated drinks sweetened with artificial substances.
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4.4. NUTRI-SCORE VS. DEGREE OF FOOD PRODUCT
PROCESSING

Failure to consider the other components of nutritional value also translates into incomplete nutritio-
nal information about products. In many cases, because only selected components of nutritional value
are considered, two products that are similar only within the limits considered by the Nutri-Score
algorithm will receive the same score, while there will be large differences in their place in a well-ba-
lanced diet, compliance with dietary recommendations and potential use in dietary therapy for various
conditions, degree of processing, or health effects. An example would be cereal products. Pasta has
such a favorable nutritional value that, regardless of the type of flour used in its production, it will
receive the best possible Nutri-Score, thus sending a clear message to the consumer that there is no
difference between a whole grain product and regular "white" pasta (Figure 3). Lack of adequate edu-
cation regarding product selection by degree of processing or selected ingredients (not included in
the index component score), and relying only on the summary color index, may prove insufficient for
the consumer in making a good selection of a food product recommended for proper nutrition, and
thus not translate into improved diet quality.

The proposed Nutri-Score labeling system does not take into account the degree of products pro-
cessing. Highly processed products (including ultra-processed products) and products with a low
degree of processing will be able to obtain the same score on the basis of the adopted algorithm,
or highly processed products may have a better score. As it is, the algorithm and color scheme
may be misleading for consumers because they will be led to believe that products with similar
coloring are equivalent in terms of their place in a balanced healthy diet and that the degree of
processing is irrelevant.

:
g
7

Fig 3. Spaghetti noodles - whole grain on the left, classic on the right

It is worth noting that on the basis of a study of the diet quality of children, adolescents and adults
living in Europe (I.Family study) [39], it was found that the amount of energy provided from ultra-pro-
cessed foods accounted for almost half of the daily energy value of their food rations. This was mainly
due to the consumption of calorie-rich foods with low nutritional value. Therefore, there is a risk that
simplified labelling using Nutri-Score may influence not only the promoted consumption of foods with
lower energy value per 100 g of product, but also of highly processed foods in which the composition
has been modified, and discourage the choice of low-processed foods whose composition cannot be
modified.
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4.5. PRESENCE OF FOOD ADDITIVES IN THE PRODUCT AND
THEIR INFLUENCE ON THE NUTRI-SCORE

It is important to note that it is not only the vitamin and mineral content that is not assessed by
the Nutri-Score. Many of the other ingredients that go into a product are also not included in the
Nutri-Score, and these have a significant impact on the overall nutritional value of the product. Here
we can distinguish between positive and negative ingredients. Of course it would be difficult to
describe all of them, but the following examples will explain the motives for this claim.

Undoubtedly negative nutrients include phosphoric acid. An example of the negative effects of this
ingredient is its effect on tooth erosion. Orthophosphoric acid inhibits the absorption of calcium
from the gastrointestinal tract, which in turn can lead to deficiencies of this element in the body.
Another example is food additives. Obviously, preservatives, emulsifiers or flavorings have a function
in products and are used in the food industry, and some additives - such as antioxidants or vitamins
- have a positive effect on the body. Complete elimination of food additives is impossible, if only for
reasons of health safety or organoleptic qualities. However, frequent and excessive consumption of
food containing some of them is not indifferent to health. Therefore, it is advisable to limit their amo-
unt in products and choose those with a smaller addition. It is particularly important in the diet of
pregnant and breastfeeding women, as well as children and adolescents. Therefore, more and more
products without preservatives or artificial colors are appearing on the market. The Nutri-Score
algorithm does not take into account their content, and products with and without these types of
substances will score similarly.

On the other hand, fortified foods are available in the market where the addition of specific ingre-
dients increases its nutritional value. Food fortification was developed to supplement commonly
consumed foods with ingredients that were found to be deficient in society’s diet. Supplementation
of such products with nutrients as vitamins (fortification with fat-soluble vitamins) or minerals (for-
tification with iodine) is a phenomenon that is not only needed, but also necessary. Another example
is products containing probiotic cultures. Probiotics and synbiotics, which support the gastrointe-
stinal tract by modulating and improving the composition of the intestinal microbiota, undoubtedly
have a positive impact on human health, as demonstrated in many studies [40].

Omission of these or many other food additives that improve the nutritional value of a food pro-
duct is a major understatement of the system that collectively reports the nutritional value of food

and omits individual components that affect its quality.

4.6. NUTRI-SCORE VS. SELECTION OF PRODUCTS WITH
SIMILAR RATINGS

The Nutri-Score is primarily intended to distinguish between products that are classified as having
adverse health effects and products that may be generally considered to be beneficial to the diet.
Assessing different versions of the same product - for example, different types of breakfast cereal,
different versions of pizza or different versions of convenience foods - can therefore have the intended
effect of promoting the more beneficial version of the product to the consumer. The problem arises,
however, when the assessment concerns two or more products that are different from each other, but
of similar composition and even belonging to the same product group. Selected cereal products are
a good example of this problem. Rice and groats will receive the highest index, while there are signifi-
cant differences in values not taken into account for its assessment (such as glycemic index) between
white, parboiled, basmati or jasmine rice (Table 8); similarly for groats (Table 9).
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Table 8. Selected nutritional value of selected rice types (per 100 g) and their Nutri-Score

White rice Parboiled rice  Basmati rice Jasmine rice
Energy [kJ] 1441 1458 1458 1469
Protein [g] 8,2 8,3 6,5 76
Saturated fatty acids [g] 0,15 0,15 0,2 0,2
Sugars [g] 0,6 0,4 0,2 0,2
Fiber [g] 1,6 2,2 2,4 1,5

Salt [g] O @) 0 0
80 50 50 68

Glycemic index

Table 9. Selected nutritional value of selected groats (per 100 g) and their Nutri-Score

Barley groats Buckwheat groats Millet
Energy [kJ] 1375 1503 1499
Protein [g] 11,4 12,1 13,6
Saturated fatty acids [g] 0,3 0,6 0,5
Sugars [g] 2,8 1,2 0,6
Fiber [g] 10,0 6,3 6,8
Salt [g] 0 0 @)

Both different rices and different groats (to use an example) and other products with comparable
properties will have different uses in the diet, depending on cultural, organoleptic or health factors,
which the Nutri-Score system no longer takes into account.

4.7. NUTRI-SCORE VS. TYPE OF FATTY ACIDS IN PRODUCT
FORMULATION

As mentioned many times, the Nutri-Score is based on a product's energy value, simple sugars, satu-
rated fatty acids, sodium, percentage of fruits and vegetables, and fiber and protein content. One of
the criteria that lowers the Nutri-Score is saturated fatty acids. A higher saturated fatty acid content is
often the result of a higher fat content in the product, which is associated with a higher energy value
of the product.

Failure to account for the type of fatty acids delivered with fat in the Nutri-Score system can cause
the misconception that products with higher fat content are less healthy than products with lower fat
content. Fat is not only an energy source and a source of saturated fatty acids, but also of essential
fatty acids, which are necessary for the proper functioning of the body, and of the fat-soluble vita-
mins A, D, E and K. It is true that with the increase in the content of fat of animal origin and non-liquid
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vegetable fats in the diet increases both the content of bad for health saturated fatty acids, which are
taken into account in the assessment of the Nutri-Score, and the energy value of the diet. Because the
Nutri-Score does not take into account fatty acids that are beneficial to the body, and only considers
saturated fatty acids, it may be that products with a higher content of essential fatty acids may score
lower simply by having a higher total fat content and higher energy value, when in fact they would be
a desirable component of the diet (Table 10).

This difference will generally apply to fatty and lean fish, where the former will be rated lower,
despite providing more unsaturated fatty acids, including those of the omega-3 family, and vita-

min D per serving.

Table 10. Selected nutritional value of selected fish (in 100 g) and their Nutri-Score

Salmon Rainbow trout
Energy [kJ] 886 678
Protein [g] 18,4 18,1
Saturated fatty acids [g] 2,6 1,5
Sugars [g] O 0
Fiber [g] O 0
Salt [g] 2 1,6

4.8. NUTRI-SCORE VS. FOOD MARKET AND INTERPRETATION
ERRORS

Within the European Union, the food labelling system in member states is well regulated. Legal stan-
dards, however, allow for the introduction of additional marking in graphical form (which may include
the Nutri-Score system). EU regulation describes general rules of introducing such marking, so these
requirements are quite generally constructed and leave some discretion to the food producer.

It is worth noting that additional nutrition labelling of food is not mandatory at present and pro-
ducers may use it or refrain from using such labelling on the packaging. Consequently, a food
manufacturer introduces such a system only when it is actually profitable for them, i.e., when

a given product would receive a higher rating than potentially a competitor's product. It is a sim-
ple calculation that a manufacturer will be reluctant to make a declaration of inferior quality and
nutritional value of a product on its packaging compared to a competing product.

On the other hand, the absence of a declaration of a product's Nutri-Score next to a competing pro-
duct with such a declaration may cause a consumer to reasonably doubt that a manufacturer who
does not make such a declaration is not withholding information that its product is of inferior quality
when its nutritional value may be better and only its Nutri-Score lower or the same compared to simi-
lar products.
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The question of a consumer's ability to spend money on products with a Nutri-Score label has already
been the subject of research. Mora-Garcia et al (2019) in their study showed that providing information
on Nutri-Score resulted in 21% more spending on better rated products. The results of the study indi-
cated that customers participating in the study were also 10% more likely to purchase the better rated
product than control customers, and Nutri-Score information increased store sales [41].

Nutri-Score labeling can thus become a marketing tool to increase revenue for selected food

manufacturers. It puts in a much worse situation producers of traditionally produced food, who
cannot modify the composition of their products.

It is also worth noting that traditionally produced and regional food is often expensive due to high
production costs. Thus, a good quality product will not only be restricted in its consumption due to its
price (which already limits its quantity in the diet), but in addition due to its lower Nutri-Score value.
It is not clear how the introduction of the Nutri-Score system will affect small and medium-sized food
producers - especially traditional, regional products and organic food. These types of food are expen-
sive to produce, which is reflected in the price of the products, and thus they are a part of the diet
rather than an essential component of it (for example, oily sea fish and products made from these fish,
traditionally produced cold meats, regionally produced cheeses, organically grown products and pro-
ducts made from these raw materials). A fundamental health problem is the excessive consumption
of food by consumers, including highly processed foods. Consumption is significantly influenced by
the price of products. The Nutri-Score does not guarantee a reduction in overconsumption of food,
and in addition, it may be misinterpreted by the consumer that foods with a better index can be safely
consumed in larger amounts. As a result, this may generate an increase in the overall energy value of
the diet based on the choice of products with a better Nutri-Score index eaten in excess.

One example is the misinterpretation by consumers of the low-fat diet promoted in past years
as a way to reduce the risk of developing obesity, cardiovascular disease, and improving diet quality.
In general, research on plant-based low-fat diets shows its beneficial effects on health. Its primary
purpose was to encourage the choice of low-fat products, mainly unprocessed plant-based products,
in place of higher-fat products, thereby achieving a reduction in the energy value of the diet. However,
a misunderstanding of this diet and a focus on fat reduction alone has led to a misconception that low-
-fat products can be consumed safely in any quantity. This has resulted in an increased intake of star-
ch-rich products, products with high sugar content, and low-fat products of animal origin, as indicated
by studies [42]. As a result, the reduced proportion of energy from dietary fat was accompanied by an
increase in the total energy value of the diet as a result of the excessive supply of carbohydrates and
low-fat products, which were considered "safe" and thus consumed in greater amounts. Therefore,
the legitimacy of this diet began to be criticized, especially with the epidemic of obesity and diabetes
worldwide. The current dietary pattern promoted is the Mediterranean diet, in which the main source
of fat is olive oil.
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4.9. REGIONAL AND TRADITIONALLY PRODUCED FOODS AND
ORGANIC FOOD VS. NUTRI-SCORE SYSTEM

Another issue is the evaluation of regional products. Their unique way of production, preservation
and storage has an impact on their extraordinary culinary value and unique taste, which often trans-
lates into higher sodium or saturated fatty acid content. However, these products command a very
high price due to their unigueness. This means that they are consumed very occasionally and in small
guantities, so despite their higher content of health-endangering ingredients they do not significantly
impair the overall nutritional value of the consumer’s diet, and they fit in with regional dietary patterns
and consumer preferences. Their nutritional value per 100 g means that their Nutri-Score will have
a lower gradation than the actual impact on consumer health (Table 11). The lack of consideration of
the customary amounts in which the products are consumed is a drawback of this indicator, as has
been repeatedly pointed out.

Table 11. Selected nutritional value of unique products (per 100 @) and their Nutri-Score

Salami Prosciutto di Pecorino Canned Ham
spinata San Daniele Toscano
A\
LSS D
o B &=
Energy [kJ] 1554 145 1754 414
Protein [g] 26 26 23,8 19
Saturated fatty acids [g] 1.1 06,5 22,9 0,8
Sugars [g] 01 ) O 11
Fiber [g] O 0 O 0
Salt [g] 4,5 4,4 1,7 2,2

Price is one of the most important factors influencing consumers' food choices. Many times, high
quality and traditionally manufactured, regional products are more expensive than highly processed
products. Dark orange labeling of high quality products may additionally discourage consumers from
choosing them and substituting products within the same group of food products with a high degree
of processing and lower quality. Low-processed products, traditionally produced products, regional
products, organic products often cannot have modified composition due to their specificity and their
production is more costly. In addition, their producers are often obliged to comply with legal require-
ments for the production and composition of such foods. The application of Nutri-Score system can
reduce the choice of such products by consumers.

Organic products can also be unfairly judged by the Nutri-Score. Organic food and its production
are strictly regulated at the European Union level. Any modification of the conditions of cultivation
and breeding of organic food is impossible. Consequently, its composition and the nutritional value
of the products are very difficult to modify. As has been quite well described, organic food is safe
and valuable, with higher iron and magnesium content, higher antioxidant content (such as phenolic
compounds), higher polyunsaturated fatty acid content (in the case of animal products), lower pesti-
cide residues and lower nitrate content compared to conventional food [45]. However, these values,
although important from a health perspective for the consumer, are not taken into account in any way
when evaluating using the Nutri-Score. As the aforementioned study points out, data on carbohydrate
and protein levels are not sufficiently documented. Furthermore, due to strict regulatory standards,
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modifying these values can be difficult to implement. This means that nutritionally valuable products
may receive a lower Nutri-Score simply because they do not have added protein (which raises the
Nutri-Score) or are not made as sugar-reduced and artificially sweetened products (which in turn
lowers the Nutri-Score). This may give the impression that organic food is of inferior quality, when
there is no reason to believe so.

4.10. NUTRI-SCORE VS. SELECTED NUTRIENTS

As discussed in the example of vitamins and minerals, the Nutri-Score does not account for many
health-promoting nutrients. While for some ingredients these can be substituted using other products,
this situation can be somewhat complicated for select ingredients that are unique to certain products.

As demonstrated in many of the studies cited earlier, a consumer seeking to consume a healthier diet
will be guided by the Nutri-Score system, which may result in the avoidance of products with poorer
scores. While avoiding selected products that are consumed in reasonable amounts even on a daily
basis, as is the case with the products discussed earlier, does not pose a health risk to the consumer,
limiting its consumption may result in a reduction in the intake of certain nutrients that have heal-
th-promoting effects. Milk and dairy products, for example, are a source of conjugated linoleic acid
dienes (CLA), which have anti-cancer and anti-atherosclerotic effects, as well as reducing body fat
synthesis and preventing diabetes [43]. Thus, restricting products containing them will deplete the
diet of an important nutrient. Also, products dedicated to athletes will often receive inferior grada-
tion, and thus may cause this consumer group to limit their intake as well. An athlete without proper
nutrition training is not significantly different from a standard consumer. Avoidance of high-carbohy-
drate products by this group, because of probably low Nutri-Score system rating, can translate into
lower glycogen resynthesis or lack of proper post-workout regeneration, and in the end - into lower
physical performance and worse sports results.




4.11. NUTRI-SCORE AS A TOOL FOR JUSTIFYING THE CHOICE OF
SELECTED FOODS

Consumer preferences always play one of the major roles in the choice of a food product. It is well
known that products characterized by sweet and/or salty taste are more palatable and sensory appe-
aling to the consumer. The problem becomes when "unhealthy” products receive a high Nutri-Score
gradation, and the consumer will use this product rating system to justify potentially poor dietary
choices, which in the long run may serve to perpetuate poor eating habits.

As an example, products that may be detrimental to the consumer if consumed in excess
may receive a better Nutri-Score simply by increasing one of the nutrients, such as protein

or fiber [27], while comparable products without the addition of these nutrients receive
a worse Nutri-Score.

A great example is the comparison between high-protein strawberry ice cream (Nutri-Score B) and
vanilla cream cheese (Nutri-Score C). A potential consumer, looking at both packages and judging
the products solely on the Nutri-Score, may come to believe that the ice cream is actually healthier
than the cheese. As shown in a study by Egnell et al. (2018), Nutri-Score scored significantly higher in
the eyes of consumers compared to other product health labels, which translated into a preference
for products with higher scores [9]. However, an important point in this example is that the higher
product score is predominantly due to the increased protein content of the product. If a consumer
decides that the ice cream is healthier than cream cheese, then in the future, remembering this choice,
they may assume that other ice creams without the Nutri-Score label would receive a similar score,
and thus also be healthier than cheese.

This, in turn, can lead to over-consumption of ice cream that actually has a worse Nutri-Score if

it does not contain a high-protein additive deliberately introduced into the product formulation
by the manufacturer to increase the Nuri-Score.

What should be further emphasized is that Nutri-Score refers to the nutritional value of a product per
100 g of that product. As presented earlier, it is highly likely that a consumer will choose and consume
a product with a higher Nutri-Score gradient, but consuming 500 g of ice cream with a Nutri-Score B
will provide significantly more simple sugars and saturated fatty acids than consuming 150 g of vanilla
cream cheese.

Failure to adjust the Nutri-Score for the customary portion consumed and for the portion con-
tained in the package once again gives the misconception that a product with a higher gradient

is "healthier and safer” than a product with a lower gradient and can be consumed in more or
any amount, without controlling for the effect on dietary energy value and saturated fatty acid,
sugar or salt content.

4.12. NUTRI-SCORE VS. PRODUCT CONSISTENCY

The Nutri-Score, as previously mentioned, is determined by the energy value and content of selec-
ted nutrients. The way in which the Nutri-Score is calculated strictly depends on the type of product
we are dealing with. Indeed, there is an individual way of calculating the Nutri-Score for beverages,
cheese, fats and other products. This can often result in products with similar ingredients scoring dif-
ferently on the Nutri-Score simply because their texture is different. The consumer may be under the
mistaken impression that one product is healthier than another when in fact it is not, and it may also
be that a de facto product with a lower gradation would be more beneficial to the composition of the
diet. Examples of such products include fruit and vegetable juices, nectars and jelly. The comparison
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in Table 12 shows that jelly - despite containing comparable amounts of simple sugars, having a sli-
ghtly higher energy value, and not containing additional bioactive compounds and vitamins - receives
a better rating.

The consumer, when comparing products and making judgments about which product will be
better for their health, may come to the mistaken belief that fruit jelly will make a better meal

(or dessert) than a glass of juice containing vitamins, minerals and a number of bioactive com-
pounds beneficial to the body.

Moreover, it may influence the choice of these products by parents when planning meals for their chil-
dren. The child, tempted by the attractiveness of a dessert in the form of jelly, may reach for such pro-
ducts more often, forming bad eating habits. Parents, on the other hand, will be convinced that they
are doing the right thing by choosing jelly instead of fruit or vegetable juice. It is therefore incompre-
hensible to discriminate certain liquid products against others of similar or even worse composition,
but with a solid consistency.

Table 12. Selected nutritional value of selected products (oer 100 ml) and their Nutri-Score

Blackcurrant Multi-fruit and Gooseberry
nectar carrot juice 100% jelly
- ® - ®
> SOK
) 002
\ﬂ

Energy [kJ] 195 195 213
Protein [g] <0,5 @) 1,5
Saturated fatty acids [g] 0 ) )
Sugars [9] N 11 10,8
Fiber [g] @) ) @)
Salt [g] @) ) )
Vitamin C [mg] 23,4* 6 (0]
Iron [mg] 1* b/d (0]
Vitamin A [mcg] 5* 232 (0]
Vitamin E [mg] 0,25* 0,9 (0]

Anthocyanins,

polyphenols: Thiamine, riboflavin,
Bioactive compounds anthocyanins, niacin, vitamin B6, 0
and other nutrients phenolic acid, folic acid, biotin,

flavonols, pantothenic acid

proanthocyanidins

* Based on Tables of Composition and Nutritional Value of Food (Kunachowicz et al., 2018) [4]
Ingredients in bold are not included in the Nutri-Score
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4.13. NUTRI-SCORE VS. COMPARATIVE INFORMATION
IN RELATIVE TERMS

To ensure an accurate understanding of the Nutri-Score and to avoid confusion or misinterpretation,
it is important to consider that this indicator does not tell consumers the absolute nutritional value of
foods, only their relative value (only within the specified range of the algorithm) compared to other
similar products.

It is emphasized that Nutri-Score labeling is not intended to characterize foods as "healthy" or "unhe-
althy”. The five-point color scheme used makes it possible to give a relative indication that, depending
on the color/letter, the overall nutritional composition is more or less nutritionally favorable, thus faci-
litating comparisons of the nutritional value of different foods. At the same time, the authors of the
system emphasize that Nutri-Score makes it possible to compare the nutritional value:

* within the same category - e.g. breakfast cereals (comparing muesli to chocolate cereal); cookies
(comparing fruit cookies to chocolate cookies); lasagne (comparing meat lasagne to salmon lasagne
or spinach lasagne); different pasta dishes; different types of pizza; different types of beverages (e.g.
water, fruit juices, fruit drinks, carbonated beverages). Within each of these categories, the Nutri-Score
can vary significantly, with the ultimate goal of providing useful information so that consumers make
informed choices,

* within similar food items offered by different brands,

« within foods in different categories, but considering foods that are truly "comparable” in terms of
conditions of use (alternatives used under the same conditions of use, e.g., different fats for cooking
or seasoning, or for the same period of consumption - e.g., foods taken for a snack, for breakfast, as
a dessert, or as an aperitif) or shopping (alternatives sold in the same aisles - e.g. beverage sections,
cooking oil sections, prepared sections, dairy, breakfast cereals, or sandwiches) [2].

However, the assumption made by the system’s authors that the label used will be used in the context
of selecting foods with a more beneficial composition within the same category or group of products
requires verification that consumers will treat it in the same way. There is a risk that labelling, contrary
to the intention of the authors, will lead to foods labelled A or B being treated as "particularly heal-
thy" and C as having a "neutral” impact and therefore being consumed in excess, and foods labelled D
and E as "particularly unhealthy”, despite the fact that many of these products are recommended in
moderation in the diet, as indicated for example in the dietary recommendations (dairy products, fish
and fishery products, juices, high-quality meat products, liquid vegetable fats).

Foods classified as D or E as part of a balanced diet, especially traditional foods, are entirely consistent
with the principles of the Mediterranean diet model and dietary recommendations [2]. The authors
of the Nutri-Score system declare that it should make consumers aware that they can be part of
a balanced diet, but this is a declaration. It is not clarified whether consumers will actually interpret
the Nutri-Score label in this way. It is unclear whether the proposed label will result in a reduction in
the consumption of foods with health benefits, traditionally produced or organic foods that, if only
because of their nature or price, are consumed in small quantities.
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5. SUMMARY

Nutri-Score is a food nutritional index developed in France to evaluate and rank food products to help
consumers make more informed and healthy food choices. It is based on a product's energy content,
simple sugars, saturated fat, sodium, percentage of fruit and vegetables, fiber and protein, and - to
be updated in 2021 - the addition of nuts, legumes, rapeseed oil, walnut oil and olive oil in the food
products to be evaluated, with different types of products being evaluated in their own specific way
(e.g. liguid and solid products).

Nutri-Score as a system of food product labeling has met with approval of some European countries,
and numerous studies indicate its effectiveness. Despite the enthusiasm for this labelling system, it is
surprising that there is a lack of reflection on its limitations in assessing the nutritional value of food
and the dissociation of the information provided from the nutrient content not included in the algo-
rithm, the size of packages, the portion of the product traditionally consumed, the amount of products
consumed within the dietary recommendations, the role of individual products in the diet, the degree
of food processing, the method of product manufacture, the use of food additives, and from some of
the dietary recommendations.

Like any system, the Nutri-Score is not without flaws. As evidenced in the literature, the Nutri-Score
may not promote a lower intake of simple sugars and a lower energy value of the food ration.

In addition, misinterpretation of this index may lead to dietary restrictions on foods rich in
important nutrients, such as fatty marine fish, juices, cereal products with a low glycemic

index, and products that affect diet quality, such as traditionally produced regional and orga-
nic products.

The Nutri-Score may also become a tool for promoting ultra-processed foods, in which the compo-
sition of the individual ingredients entering the scoring algorithm is modified. Its impact on the price
of higher-graded foods is also unknown; whether it will generate price increases for better-graded
foods will be found out in the future. The impact of the introduction of this label on small producers of
traditional, regional and organic foods is also unknown, as it may generate a reduction in the purchase
and consumption of the products they produce, which are more expensive due to production costs
and are often consumed periodically and in small portions.
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6. CONCLUSIONS

Using the current Nutri-Score algorithm can lead to discrepancies and misclassifications of pro-
ducts, foods, and beverages. It does not take into account:

products recommended in the diet, the composition of which must not be modified
products whose composition is required by standards and regulations

regionally produced products

organic products

typical amount of food consumed

degree of processing of the products

o
N

addition of preservatives and artificial colorings and sweeteners

minerals, vitamin and other bioactive compounds content

presence of antinutrients

size of packages

micronutrient content in relation to energy value
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take into account the current state of medical and nutritional/dietary knowledge

use non-discriminatory colors

be clearly understandable and not open to misinterpretation by consumers, even
without information on the meaning of the label

be consistent with healthy eating recommendations

take into account the degree of processing of the food

include portion size

have regard to the carbon footprint

o
N
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