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General introduction

Background

The prevalence of overweight and obesity has increased dramatically worldwide
over the last decades, regardless of geographical boundaries and cultural
differences. In the Netherlands, the prevalence of overweight and obesity has
increased from 22.9% and 4.4%in 1981 to 31.5% and 10.1%, respectively in 2013,
Itis widely accepted that the obesity epidemic is a result from a long-term energy
imbalance, caused by a combination of excessive food intake and an inactive
lifestyle. The obesogenic environment, with an ample food supply, contributes
to the dysregulation of energy balance®. Therefore, making the desirable and
appropriate food choices is important in preventing weight gain and obesity.

Food choices are to a great extent guided by the sensory properties of foods®.
The sensory properties comprise taste, olfaction, texture and appearance. Taste is
uniqueinitsinnate association with mechanisms ofrewardand aversion,and plays
a key rolein food choice and dietary patterns®. Besides guiding food choice, taste
may serve as an early signal of its nutrient content®®, thereby affecting satiation
and subsequent food intake®%, Because of these associations between taste
intensity and nutrient content, diets lower in sugar, salt and saturated fat may
be lower in taste intensity. Therefore, diets based on dietary guidelines may be
less intense in taste and this could potentially be a key contributing factor to
poor adherence to these guidelines. Thus, studying dietary patterns from a taste
perspective - and not only a nutritional perspective - provides us with a deeper
understanding of the role of taste in dietary intake.

Research on the role of taste in dietary intake is still in its infancy. In contrast, the
relationship between single ingredients and the sensory properties of individual
foods have been widely studied®***, In addition, several studies have focused on
the relationship between sensory properties of individual foods, preferences!>19,
food choice and intake®9.

Only few studies have investigated the relationship between sensory properties and
daily dietary patterns® . Afirst study by Mattes and Mela® investigated associations
between liking ratings of a selection of sweet foods and dietary intake. In the late
1990’s, Cox et al.™ asked obese and lean consumers to classify their dietary intake
according to the dominant taste of food. Yet, these studies did not objectively quantify
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taste values of foods using a trained sensory panel. More recently, van Dongen et al.®
quantified the basic taste intensities of a small selection of 50 commonly consumed
foods. However, to study the role of taste in dietary intake, it is essential to objectively
quantify the taste intensity values across a large range of foods consumed within a
population. Moreover, the role of taste in dietary intake should be studied in various
study populations, because dietary taste patterns may differ among age, gender and
weight status subgroups of the population>1¢-29,

The aim of this thesis was to assess the role of taste in dietary intake in young
children and adults, and to investigate how taste relates to nutrients and the
extent of adherence to dietary recommendations.

This introduction continues with a short background on the sense of taste and its
function, followed by a description on the compilation of a taste database, the
assessment of dietary taste patterns in this thesis, and the aim and outline of this
thesis.

The sense of taste and its function

Taste has a number of functions for human survival®?. Pleasant tastes - sweet,
salty and umami - may signal for desired nutrients, whereas unpleasant tastes -
sour and bitter - may present a warning signal for potentially toxic substances®.
Sweet taste is thought to signal the presence of mono- and disaccharides, salt
taste may signal sodium content for maintaining the body’s water balance and
umami taste may serve as a signal for protein content®”. Sour and bitter taste
may be more importantin detecting a low pH, present in unripe fruits and spoiled
food, and preventing the consumption of bitter plant-based toxins?"#. It is
generally accepted that fat content is detected in the oral cavity by its textural
properties (e.g. mouthfeel), though recent evidence suggests fat can also be
detected through the taste of its breakdown products®=Y.

Although taste is often described as having a nutrient-signalling function-2¢),
there is only limited data on real-life food products available to support this
notion. To our knowledge, the only study supporting this investigated the
relationship between basic taste intensity and nutrient content in 50 commonly
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consumed Dutch foods®. This study found that sweet, salt and umami taste
were positively associated with mono- and disaccharides, sodium, and protein
content, respectively. However, it is unknown to what extent these taste-nutrient
relationships exist across a wider range of foods that are commonly consumed by
the general population.

Taste-nutrient relationships may be less evident than would be expected,
because of food reformulations. In recent years, food manufacturers have faced
an increasing demand for processed foods that are modified to reduce sugar,
salt or saturated fat content®. To maintain sensory properties and palatability,
food industry may add non-nutritive sweeteners, aroma’s or flavour enhancers
to foods. Furthermore, processed foods often consist of a combination of tastes
that may interact, and thus may be competing. Especially sweetness is often
a predominant taste, and was shown to suppress other tastes in taste mixture
solutions®=*%. These ingredient additions and taste interactions may affect the
extent to which taste can signal for nutrients in processed foods.

Taste database

Numerous studies have investigated dietary intake of nutrients®>=%, Hence, food
composition databases exist globally. However, to study dietary intake from
a taste perspective, a taste database is needed that includes the basic taste
intensity and fat sensation values of a large range of commonly consumed foods.
To adequately assess the taste values of foods, a sensory panel is needed that is
trained for several months. Trained panels are commonly used as an objective
measure to quantify sensory properties of foods®. Training of a panel increases
the panel’s internal consensus, reproducibility of taste values and discriminative
power between taste modalities and foods®**. Because of the large number
of foods that are available, it is impractical to assess the taste values of all
commonly consumed foods. Thus, compilation of a taste database requires an
objective selection of foods that are consumed across the general population.
To this aim, national food consumption data can be used. Foods can be selected
based on pre-defined criteria: i.e. consumption frequency and contribution to the
consumption of energy and macronutrients. In addition, foods can be selected
that contribute most to the variation in energy intake. Subsequently, the selected

13
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foods are profiled on taste, resulting in a taste database with six basic taste and
fat sensation values for each food.

Dietary taste patterns

Clustering of foods in taste groups

To study the role of taste in dietary intake, a taste database is needed in
combination with food intake data. However, it is not possible to calculate with
taste values as is done with nutrient values. For example, three bites of an apple
do not result in three times the perceived taste intensity values of one bite of an
apple. Yet, foods can be classified in food groups based on taste using hierarchical
cluster analyses. All foods in dietary intake data can be classified in taste groups.
This is similar to food groups based on nutrients, such as ‘bread” and ‘dairy’, but
then foods are grouped based on taste. Subsequently, food taste groups can be
used to study the contribution to energy intake and consumed amount of food
from food groups with different tastes.

Dietary assessments methods

Grouping of foods in taste groups is most straightforward in dietary intake data
that reports the intake of single foods, as is done in 24-hour recalls (24hR). In
24hR, single foods can be combined easily with the taste values of foods in a taste
database. However, for the assessment of nutrient intakes, dietary assessment
methods such as 24hR and food frequency questionnaires (FFQ) can be used®,
Both FFQ and multiple 24hR are used to assess habitual intake of nutrients. Large-
scale epidemiological studies often use FFQ because they are relatively cheap
and easy to administer. However, FFQ data contains less detailed information on
food preparation and no data on single foods as 24hR data do**?. In FFQ, foods are
combined into food items, and therefore the consumption of foods are inquired
on a more aggregated level. For the assessment of nutrient intakes, weighted
mean nutrient values are calculated for each food item. Similarly, weighted
mean taste values can be calculated for the assessment of dietary taste patterns.
Although previous studies have evaluated FFQ to 24hR*, this was done for
the assessment of foods, energy and nutrient intakes and not for dietary taste
patterns. An important question is whether FFQ are detailed enough to study
dietary taste patterns by subgroups of the population.

14
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Individual characteristics throughout the life course

Taste is a key driver of food choice and intake®. Already at birth, infants have
a general preference for sweet taste and an aversion for bitter. However, taste
preferences are also acquired®. For example, infants usually develop a preference
for salt taste during their first year of life“”. Moreover, taste preferences are not
only related to taste quality, but also dependent on taste intensity. For example,
the optimal preferred sweetness levels are higher in children than in adolescents,
and higher in adolescents than in adults“*). In addition, a certain degree of
bitterness in products such as coffee, beer, wine and fruit juice can even become
expected and enjoyed in adulthood®. Similarly, salt is appreciated at low and
moderate concentrations, but is disliked at very high concentrations®”. Thus,
taste preferences differ throughout the life course and are dependent on both
taste quality and intensity.

During the first two years of life, infants’ food intake changes from milk only to
more complex and solid foods. This transition may potentially have important
consequences for the development of taste preferences and food choices later
in life®+°2. Already at the age of two years, food preferences were found to remain
relatively stable until young adulthood®. Therefore, to fully understand variations
in food preferences, it is important to study dietary taste patterns before the age
of two years, and to identify the factors related to these patterns. Most previous
studies have focused on the intake of nutrients in infants, and how nutrient
intakes relate to factors such as parental BMI, education and age'®**9. However,
the factors related to dietary taste patterns during the first two years of life are still
unknown.

To put dietary taste patterns of young children in perspective, it is essential to
compare them with dietary taste patterns in adults. In adults, dietary taste
patterns may differ by individual characteristics such as sex and weight status.
Although no literature is available on dietary taste patterns, this is available for
studies on taste preferences. For example, several studies have found that men
liked salty and/or fatty foods more than women®2?% whereas women liked sweet
foods more than ment9202429 However, it is less clear whether taste preferences
differ by weight status. Some studies have found a positive association between
liking for sweet"®? or salty foods and BMI®, whereas other studies have found
lower liking ratings for sweet and salty foods in obese than in lean individuals*®
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or no difference in liking across BMI categories"®, However, dietary taste patterns
by subgroups of the adult’s population has never been assessed.

Adherence to dietary guidelines

Worldwide, there is an enormous societal pressure to lower dietary salt, sugar
and fat intake to prevent chronic diseases®”. Some countries report dietary
reductions of these nutrients, yet these reductions have been minimal and do
not reach dietary recommendations®"%9. Diets lower in sugar, salt and fat may
be lower in taste intensity and palatability and this may be a key contributing
factorfor poor adherence to dietary guidelines®. Moreover, this could also explain
why consumers are seeking alternative diets that may better satisfy their sensory
needs®). The popularity of alternative diets, such as the Atkins diet and the Paleo
diet might be in part attributable to their higher taste intensity values. However,
no studies exist that have investigated the taste of healthy diets and popular diets
in comparison with current Dutch dietary taste patterns.

Aim and thesis outline

The overall aim of this thesis was to assess the role of taste in energy intake in
young children and adults, and to investigate how taste relates to nutrients and
the extent of adherence to dietary recommendations (Figure 1). To this aim, five
research questions were defined:

1. How s tasteintensity related to nutrient content in single foods, and
is this relationship modified by food form (Chapter 2)?

2. To what extent can different dietary assessment methods assess
dietary taste patterns (Chapter 3)?

3. How do dietary taste patterns develop during early childhood
(Chapter 4)?

4. Do dietary taste patterns differ by individual characteristics in adults
(Chapter 5)?

5. How is taste related to the extent of adherence to dietary guidelines
and how do healthy and popular dietary scenarios differ from the
current diet concerning dietary taste patterns (Chapter 6)?

16
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Inchapter2thefirstresearch questionis addressed; the relationship between taste
intensity values and nutrient content, and whether this relationship is modified by
food form. In chapter 3 we will evaluate dietary taste patterns as assessed by FFQ
against 24-h recalls and biomarkers of exposure in adults. Chapter 4 investigates
the development of dietary taste patterns in early childhood and how they are
related to maternal and child characteristics. In chapter 5 dietary taste patterns
are studied in different socioeconomic subgroups in two adult study populations.
In chapter 6 we determined how taste is related to the extent of adherence to
dietary guidelines in the Dutch adult study population, and how dietary taste
patterns of healthy and popular dietary scenarios compare with current dietary
taste patterns in women. Finally, in chapter 7 of this thesis, the main findings
are discussed and put in perspective. The implications of these findings and
recommendations for further research are given in the discussion.

CONSUMED FOOD

(DNFCS, >80% energy)
QUANTIFIED BY

Py FOOD TASTE DIETARY
000, sy | DATABASE INTAKE
"..‘ (taste clusters) (24hR, FFQ)

TRAINED TASTE PANEL
(N=15) DIETARY TASTE
PATTERNS

TASTE CHILDREN DIETARY DIETS AND
AND AND ASSESSMENT ADHERENCE TO
NUTRIENTS ADULTS METHODS RECOMMENDATIONS

Figure 1 Overview of study design and different perspectives of dietary taste patterns described in this
thesis
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Chapter 2

Abstract

Taste is often suggested to have a nutrient-signalling function that may be
important for food intake regulation, though limited data exists to support this
notion. Thisstudy aimed to investigate the relationship between taste and nutrient
content, and to explore the effect of food form on this relationship (liquid, semi-
solid or solid), in a range of commercially available foods from the United States.
Basic taste intensities (sweetness, saltiness, sourness and bitterness) of 237
processed foods were obtained by an expert sensory panel using the Spectrum™
method. Sweet taste intensity was associated with mono- and disaccharides
(r=0.70, p<0.001), but not energy content (r=0.11, p>0.05). Salt taste intensity was
associated with sodium (r=0.72, p<0.001) and protein (r=0.39, p<0.001), and fat
(r=0.37, p<0.001) and energy content (r=0.43, p<0.001). Contrary to expectations,
associations between taste and nutrient content were not stronger in liquids than
in (semi-) solids. Clusteranalysis on taste revealed three food groups: a sweet, salty
and neutral tasting food group. Saltiness was associated with sodium content in
salty foods (r=0.39, p<0.001) but not in sweet foods (r=0.30, p>0.05). Sweetness
was associated with mono- and disaccharides in sweet foods (r=0.55, p<0.001)
and in salty foods (r=0.33, p<0.001). In conclusion, our findings suggest that sweet
and salt taste intensity can signal the presence of nutrients, in particular mono-
and disaccharides and sodium. However, the relationship between taste and
nutrients may be weaker in complex foods with competing tastes. The effect of
food form on this relationship is more difficult to demonstrate in real-life foods.
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Introduction

Sweet and salty tasting stimuli are considered to be pleasant from an early
agel'™. Sweet taste is thought to signal the presence of carbohydrates and thus
energy, whereas salt taste signals for sodium content which is important for
maintaining the body’s water balance'. An excessive intake of both salt and sugar
are associated with negative health consequences (e.g. ©9). In the U.S. population
aged 1 year and older, 70% exceeds the recommendations for added sugar and
89% exceeds the recommendations for sodium intake'™. It is therefore important
to understand to what extent taste may play a role in the regulation of nutrient
intake.

Although tasteis often described as having a nutrient-signalling function“®9, there
is only limited data on real-life food products available to support this notion.
To our knowledge, the only studies supporting this investigated the relationship
between basic taste intensity and nutrient content in 377 Australian foods and
50 commonly consumed Dutch foods!®!¥, These studies showed that the sweet,
salty, savoury taste and fatty mouthfeel were positively associated with mono-
and disaccharides, sodium, protein, and fat content, respectively. Moreover, Lease
et al.'Y found that energy content was positively associated with fatty mouthfeel,
salty and umami taste, and, to a lesser extent, to sweet taste. Many processed
foods high in salt are also high in fat content (meat, cheese, crisps, pizza), and
less foods exist, that are consumed in isolation, that are high in salt but low in
fat content (besides soup). However, many sweet foods exist that are low in fat
content (sugar-sweetened beverages, fruit and fruit juice, candy, sweetened low-
fat dairy products). Since fat is the most energy-dense nutrient, energy content
may indeed be more related to salty and umami taste than to the sweet taste.
However, more evidence is needed to support these findings.

In recent years, food manufacturers have faced an increasing demand for
processed foods that are modified to reduce energy, salt or sugar content®?,
To maintain sensory properties and palatability, food industry may add non-
nutritive sweeteners, aroma’s or flavour enhancers to foods. For example, sardine
aroma may be used to enhance saltiness in cheese!™®. Similarly, the addition of
flavour enhancers such as yeast extracts, lactates and monosodium glutamate
are strategies to enhance saltiness in meat™. Furthermore, processed foods
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often consist of a combination of tastes that may interact, and thus may be
competing. Especially sweetness is often a predominant taste, and was shown to
suppress other tastes in taste mixture solutions®™?¥, These ingredient additions
and taste interactions may affect the extent to which taste can signal for nutrients
in processed foods. Yet so far, only limited evidence is available to support this
notion. In a study by van Dongen et al."? it was found that variation in taste
intensity was better explained by nutrient contentin unprocessed and moderately
processed foods than in highly processed foods.

Another factor that may be affecting the taste-nutrient relationship is food form,
i.e. liquid, semi-solid or solid. Previous studies have found that increasing the
hardness of gelled products lowers the oral release of tastants from the food
matrix"1®. This may result in lower perceived taste intensity and thus increasing
the optimum hedonic level of added tastants, such as sugar or salt. A limitation
of these studies is, however, that they used model foods, which are designed
to differ only in one aspect of interest (such as hardness). In real-life foods, the
influence of food form on the relationship between taste and nutrient content
may be less apparent, as these foods can differ in multiple aspects (e.g. taste,
aroma, macronutrient composition). To our knowledge, to date no studies have
explored the effect of food form on the taste-nutrient relationship in real-life food
products.

The aim of the current study was to investigate the association between taste
intensity and nutrient content, and to explore the modifying effect of food form
(liquid, semi-solid or solid) on this relationship, in a range of commercially
available processed foods from the United States. It was hypothesized that sweet
taste intensity would be positively associated with total mono- and disaccharide
content and salt taste intensity with sodium and protein and fat content. The
associations between sweet taste intensity and mono- and disaccharides and
between salt taste intensity and sodium content were expected to be stronger in
liquid foods, compared to semi-solids and solids. In addition, we expected that
energy content would be positively associated with the salty taste rather than
the sweet taste. It was hypothesized that the presence of competing tastes in
foods may modify the relationship between taste and nutrient content. This was
explored by comparing the regression parameters between food clusters (sweet,
salty and neutral) within food form groups (liquids, semi-solids and solids), and
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between food form groups within food clusters. Sensory data used for these
analyses was derived from Sensory Spectrum, Inc. using an expert sensory panel.

Materials and Methods

Basic taste intensity ratings

Sensory Spectrum’s Foods and Beverages Descriptive analysis panel (n=8-10)
reached consensus on four basic taste intensities (sweetness, saltiness, sourness
and bitterness) of 264 commercially available food items in the United States
using Spectrum™ Descriptive Analysis (SDA) method. The SDA method allows for
the objective description of product sensory properties and is a scientific method
designed to provide analytical sensory data®. The SDA method uses detailed
lexicons including attributes (descriptors), definitions and character references, as
well as standard rating scales to document the intensity of each attribute for each
sample tested. Furthermore, the SDA method uses a trained and calibrated panel
to provide highly reproducible data over time. Panellists typically receive over
100 hours of training and practice in each sensory modality of interest (flavour,
appearance, texture of foods and beverages). The training, initial validation and
ongoing mentoring of panellists is rigorous for both terminology (qualitative) use
and thescaling of intensity (quantitative). References, standards for clarification of
descriptors and intensity, are used extensively. These Flavor and Texture Spectra
can then be compared and contrasted.

For the current study, the attributes of interest were the basic tastes: sweetness,
saltiness, sourness and bitterness. A range of foods were evaluated using the
rating scales from the SpectrumTM method. The scale used is considered a
universal scale (applicable to all food items) and ranged from 0 to 15. The scale
is meant to incorporate the broad range of processed foods, but foods may go
beyond the high-end of the scale(19). For each taste, four reference solutions
were provided containing increasing concentrations of sucrose for sweetness,
sodium chloride for saltiness, citric acid for sourness and caffeine for bitterness,
dissolved in demineralised water. The concentrations and taste intensities of the
references used in the SDA method are shown in Table 1. The resulting database
of product basic taste spectra, that was provided by Sensory Spectrum, Inc., was
then augmented with nutrient contents for these products.
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Table 1 Concentrations and taste intensities of the reference solutions, used in the Spectrum method™

Reference  Taste intensityt Sweet Saltt Sour Bitter
RO 0 0.0% 0.0% 0.0% 0.0%
R1 2 2.0% 0.2% 0.05% 0.05%
R2 5 5.0% 0.35% 0.08% 0.08%
R3 10 10.0% 0.5% 0.15% 0.15%
R4 15 16.0% 0.7% 0.20% 0.20%

fRatings on the Spectrum scale from 0 to 15.
fFor saltiness, intensity ratings are 0, 2.5, 5,8.5and 15

Additional food product information

Nutrient information was obtained retrospectively by an online food search,
using the specific brand and product name. The total fat (g/100 g), total protein
(g/100 g), total carbohydrate (g/100 g), total mono- and disaccharide (g/100 g),
total fibre (g/100 g), energy (kcal and kjoule/100 g) and sodium content (mg/100
g) was obtained from the packaging information (n = 174). In case packaging
information was not available online, the USDA National Nutrient Database for
Standard Reference was used (2014, n=63). No information on the nutrient content
was available for 24 products, which were therefore excluded from data analyses
(Table A1, Appendix A). One product was excluded because of missing taste values.
Two products which were profiled in 2006 were left out of the analyses because of
recipe reformulations. The food items used in this study, were from the following
food groups: chicken, beef & pork, eggs, dairy, mixed dishes, pasta, vegetables,
ketchup & other sauces, fats & oils, salty snacks, alcoholic beverages, soft drinks,
fruit juice, sandwich spreads, breakfast cereals, sweets & desserts, and herbs &
spices (Figure Al, Appendix A). Food grouping was based on the categorization
defined by Block®, which included categories found in the Food Guide Pyramid®.
Food form groups were obtained using a definition described by Stieger and van
de Velde®; i.e. liquids, semi-solids and solids (Table A2, Appendix A).

Data analysis

In total 237 foods were included in the data analyses. Analyses were performed
using IBM SPSS Statistics (version 22.0, IBM Corp., Armonk, New York, USA).
Pearson’s correlations were calculated between energy, macronutrient, fibre and
sodium content. Simple and multiple linear regression analyses were performed
between taste intensity ratings (dependent) and the log-transformed nutrient
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content (independent). Multiple regression analyses were performed using the
hierarchical (forced entry) method. After the initial analyses, multiple regressions
were repeated including only the variables that were statistically significant (total
model). Food items were left out of the analyses in case they did not contain the
nutrient of interest. Data were analysed for all food items together and separately
for the food form groups (liquids, semi-solids and solids).

Groups of products were formed using hierarchical cluster analysis on the
products’ taste intensity values. The number of clusters was decided using
Ward’s method®. Three clusters were identified, which accounted for 72% of the
variance (R?=0.72). Kruskal-Wallis tests were performed to investigate differences
in nutrient content between the resulting clusters of food. Mann-Whitney tests
were used for post hoc analyses. Bonferroni corrected p-values<0.05/3 were
considered statistically significant. Taste-nutrient relationships were studied in
each cluster separately in order to study the modifying effect of competing tastes.
Partial least squares regression (PLS) was used to visualise the data (Unscrambler,
vs. 10.3, Camo Inc., Oslo, Norway).

Results

Distribution of taste intensity and nutrient content across foods

The intensity ratings for sweetness and saltiness used the whole Spectrum scale,
for sourness and bitterness the ratings were mainly in the first third of the scale
(Figure 1). For sourness and bitterness, respectively 90% and 100% of the values
were below the R2 Spectrum reference, for sweetness and saltiness this was
about 50%. For sweetness and saltiness, another 35% and 17% of the values were
between the R2 and R3 Spectrum reference and 14% and 33% were above the
R3 Spectrum reference. The distribution of taste intensity and nutrient content
across foods is shown in Table 2.
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Figure 1 Distribution of taste intensity values on the Spectrum scale (0-15) of 237 food products, R1-R4
represent reference solutions, thick dashed line represents the median for each taste
Table 2 Distribution of taste intensity values and nutrient content of 237 US food products

0% 25% 50% 75% 100%
(min) Q1 (median) Q3 (max)

Taste intensity

Sweetness (0-15) 15 3.8 4.8 8.8 16.0
Saltiness (0-15) 0.0 1.8 5.0 12.0 22.5
Sourness (0-15) 0.0 15 2.3 35 15.0
Bitterness (0-15) 0.0 0.0 0.0 1.0 3.0
Nutrient content

Energyt (kcal/100 g) 0 61 224 382 714
Fat (g/100 g) 0.0 0.8 9.8 17.8 78.6
Carbohydrates (g/100 g) 0.0 4.8 15.8 453 99.7
Mono- and disaccharides (g/100 g) 0.0 13 58 14.1 4.1
Protein (g/100 g) 0.0 18 5.0 10.1 28.4
Dietary fibre (g/100 g) 0.0 0.0 0.0 13 10.3
Sodium (mg/100 g) 0 68 370 637 4152

TDistribution of energy in kjoule: minimum; 0 kJ, Q1; 254 kJ, median; 939 kJ, Q3; 1603 kJ, maximum; 3000 kJ.
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Cluster analysis

Cluster 1 (22% of the data) included neutral foods that were less sweet and salty
compared to the other clusters (Table 3, Figure 2). Food groups in this cluster
differed in their level of (sensory) homogeneity: 95% of all alcoholic beverages,
59% of all dairy (butter (milk) and yoghurt) and 38% of all (low-sweet) breakfast
cereals were grouped in this cluster (Figure 2). All sweets and desserts, 34% of
all dairy (chocolate drinks and whipped-cream) and 63% of all (sweet) breakfast
cereals were grouped in cluster 2 (35% of the data), which contained on average
more sweet and less salty foods. Cluster 3 (43% of the data) included more
salty foods, that were less sweet: 95% of all chicken, 88% of all beef and pork,
90% of all salty snacks, 95% of all mixed dishes and all sauces. Cluster 2 (sweet)
was significantly higher in total mono- and disaccharide content, compared to
the salty and neutral tasting cluster (H(3)=105.7, p<0.001). Cluster 3 (salty) was
significantly higher in sodium content compared to the sweet and neutral tasting
cluster (H(3)=123.9, p<0.001).

Table 3 Food groups after cluster analysis on the basic taste intensities, and their taste intensity values and
nutrient content (median and interquartile range)

Neutral foods Sweet foods Salty foods
(n=52) (n=83) (n=102)  Overall
: - - p-valuef
Median IQR  Median IQR  Median IQR
Taste intensity
Sweetness (0-15) 3.5° 13 9.9° 29 4.0° 19 <0.001
Saltiness (0-15) 2.0° 2.0 2.7° 35 12.0¢ 3.6 <0.001
Sourness (0-15) 2.0° 15 2.5° 2.1 2.2° 1.9 0.746
Bitterness (0-15) 0.0% 0.0 0.0% 1.0 0.2° 1.0 0.562
Nutrient content
Energyt (kcal/100g) 62° 90 261° 333 271° 257 <0.001
Fat (g/100g) 1.7 33 4.4° 15.2 12.6° 21.0 <0.001
Carbohydrates (g/100g) 4.9 109 30.8° 49.4 17.3° 267 <0.001
Mono- and disaccharides (g/100g) 5.1° 6.0 19.7° 25.8 2.0° 52 <0.001
Protein (g/100g) 7.1° T4 3.3° 43 8.4° 102 <0.001
Dietary fibre (g/100g) 0.0° 0.0 0.3° 1.3 0.0° 16 0.002
Sodium (mg/100g) 105° 144 70° 272 633° 396 <0.001

T Median (IQR) of energy in kjoule: 260 (378) neutral foods, 1097 (1399) sweet foods, 1137 (1079) salty foods.
T Kruskal-Wallis p-values are shown for the overall group comparisons.

abe Superscript letters indicate significant differences (p<0.05/3, Mann-Whitney), same letters indicate no
significant difference between median values.
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Figure 2 Frequency (number of food products) from each food group for cluster 1 (neutral), 2 (sweet) and 3
(salty)

The association between taste intensity and nutrient content

A positive association was found between sweetness and total mono- and
disaccharide content (Figure 3 and Table 4) and between sweetness and
carbohydrate content. An inverse association was found between sweetness and
protein content, dietary fibre and sodium content. Sweetness was not associated
with any of the other nutrients (including energy content). In the total model
(r=0.71), sweetness was best explained by mono- and disaccharide content
(B=3.7, p<0.01) and sodium content (3=-1.1, p<0.01); other nutrients did not show
any significant associations.

Salt taste intensity was positively associated with sodium (Figure 3) and protein
and fat and energy content. A negative association was found between salt taste
intensity and total mono- and disaccharide content. In the total model (r=0.82),
saltiness was best explained by sodium content (3=4.7, p<0.01), total mono- and
disaccharide content (3=-4.7, p<0.01) and carbohydrate content (3=1.4, p<0.05).

Sourness was negatively associated with carbohydrate content, energy content,
protein content and dietary fibre content. Combining all predictors into one
model (r=0.38), sourness was best explained by protein content (3=-1.7, p<0.01)
and sodium content (3=1.0, p<0.01). No associations were found for bitterness.
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Table 4 Correlations (Pearson’s) between taste and nutrient content across 237 food items

Energy Fat(g)  Protein Total Mono- and Fibre  Sodium
(kcal) (g) carbohydrates (g)  disaccharides (g) (g) (mg)
Sweet 0.11 0.02 -0.27 0.42 0.71 -0.20"  -0.37
Salt 043 037 039 0.02 -0.59° 0.18 0.72"
Sour -0.15" <0.01 -0.25 -0.16" 0.09 -0.38 0.01
Bitter -0.03 0.06 -0.11 -0.03 -0.03 0.09 0.04
*p<0.001.
**p<0.05.

PLS regression analysis showed that the most discriminating tastes were
sweetness and saltiness (Figure 4). The first component explained most of the
variation (29% in X, 36% in Y) and was related to the salty taste, sodium, protein
and fat content. The second component (32% in X, 12% in Y) was related to the
sweet taste, mono- and disaccharide, carbohydrate, and dietary fibre content.
Similarly, Pearson’s correlations between nutrients showed that energy content
was positively associated with fat and carbohydrate content and, to a lesser
extent, with dietary fibre, mono- and disaccharide, sodium and protein content
(Table 5). Sodium content was positively associated with protein, fat and dietary
fibre content, and negatively associated with mono- and disaccharide content.
Mono- and disaccharide content was positively associated with carbohydrate
content and dietary fibre content, and negatively associated with protein content.

Table 5 Correlations (Pearson’s) between nutrients across 237 food items

Energy Fat(g) Protein Total Mono-and  Fibre (g)
(kcal) (g carbohydrates  disaccharides
(8 (©

Energy (kcal)

Fat(g) 0.79* -

Protein (g) 0.18* 0.13**

Total carbohydrates (g) 0.67* 0.07 -0.11 -

Mono- and disaccharides (g) ~ 0.27* -0.11 -0.34* 0.68* -

Fibre (g) 0.42* 0.10 0.09 0.57* 0.14**

Sodium (mg) 0.27* 0.25** 0.32" 0.06 -0.22* 0.17**

*p<0.01.

**p<0.05.
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The modifying effect of food form and competing tastes

Total mono- and disaccharide content was positively associated with sweetness
in the different food form groups (p<0.05, Table 6). The strength of the association
between sweetness and total mono- and disaccharide content was not
significantly different between liquids, semi-solids and solids. For saltiness, taste
intensity was associated with sodium content in semi-solids and solids (p<0.001),
but not in liquids (p>0.05).

The association between sweetness and mono- and disaccharide content was
stronger in the sweet cluster (r=0.55, Cl 0.37-0.69) than in the salty cluster (r=0.33,
Cl10.11-0.52). The association between saltiness and sodium content was stronger
in the salty tasting cluster than in the sweet tasting cluster, though this was not
significant (Table 6).

Table 6 Correlation parameters (r, Cl) between taste and nutrient content, shown for the total dataset, per
food form group, and the sweet and the salty cluster

Total Liquids Semi-solids Solids

Sweet taste intensity and mono - and disaccharide content (g)

Total 0.71(0.63,0.78) 0.67(0.40,0.81) 0.43(0.09, 0.68)" 0.79(0.71,0.85)
(n=179) (n=40) (n=31) (n=108)

Sweet cluster 0.55(0.37,0.69) 0.35 (-0.05, 0.66) - 0.48(0.22,0.68)"
(n=79)" (n=25) (n=46)

Salty cluster 0.33(0.11,0.52) - 0.45(0.01,0.74)" 0.07 (-0.20, 0.33)
(n=77)" (n=20) (n=54)

Salt taste intensity and sodium content (mg)

Total 0.72 (0.65,0.78) 0.12(-0.21, 0.43) 0.82(0.66,0.91)" 0.67(0.57,0.76)"
(n=208)* (n=38) (n=33) (n=134)
Sweet cluster 0.30 (0.08, 0.50) 0.36 (-0.08, 0.80) - 0.20 (-0.10, 0.47)
(n=74) (n=23) (n=45)
Salty cluster 0.39(0.21, 0.54) - 0.40 (-0.01, 0.69) 0.47(0.27,0.63)"
(n=102)* (n=24) (n=75)
" p<0.001.
" p<0.05.

"Data is not shown for salty liquids (n=3) and sweet semi-solids (n=8) as these food groups were not well
represented in our database.
' After removing three salty food items, Pearson’s correlation coefficient did not remain significant.
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Discussion

The current study aimed to investigate the association between taste intensity
and nutrient content, and to explore a possible effect of food form on this
relationship, in a range of commercially available foods from the United States.
As hypothesized, a positive association was found between sweet taste intensity
and total mono- and disaccharide content, and between salt taste intensity and
sodium and fatand protein content. Energy content was positively associated with
saltiness but not with sweetness. Contrary to expectations, associations between
taste intensity and nutrient content were not stronger in liquids compared to
semi-solids and solids. However, we did find a potentially modifying effect of
competingtastes ontherelationship between taste intensity and nutrient content.

Our results are in line with earlier findings by Lease et al."Y and van Dongen et
al.’%; who found that sweetness was positively associated with mono- and
disaccharides, and salt and umami taste intensity were both positively associated
with sodium and protein content. Moreover, our results show a positive association
between energy content and salt taste intensity, but not sweet taste intensity.
This may be explained by the positive association found between sodium and
fat content, and thus energy density, which is likely underlying these findings.
Similarly, Lease et al.'? found a positive association between salt taste intensity
and fat and energy content, but not between sweet taste intensity and energy
content. Overall, these observations indicate that in particular sweetness has a
signalling role for the presence of mono-and disaccharides, and saltiness for the
presence of sodium. Moreover, future studies should consider a potential role for
salt taste preferences in the overconsumption of energy and the development of
obesity.

It is known from studies with model foods that food form can be a modifying
factor in the relationship between taste and nutrient content®!"1¥ However,
our results did not confirm a stronger association between taste intensity and
nutrient contentin liquids compared to semi-solids and solids. This suggests that
the modifying effect of food form on the relationship between taste and nutrients
is more difficult to demonstrate in real-life foods than in model foods, which are
designed to differ in only one aspect.
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Another potentially modifying factor on the relationship between taste and
nutrients is the suppression of tastes by other tastes. In our study, we found that
the association between sweetness and mono- and disaccharide content was
significantly stronger in sweet foods than in salty foods. Similarly, a stronger
association was found between saltiness and sodium content in salty foods than
in sweet foods, yet this was not significant. These findings suggest a suppressive
effect of sweetness on saltiness and vice versa. This may explain the weaker
associations between saltiness and sodium content in processed foods found by
van Dongen et al."9 i.e. r=0.54 instead of r=0.72 in our study. That is, relatively
more sweet foods (n=19) than salty-savoury foods (n=6) were studied by van
Dongen, whereas our database consisted of more salty foods (n=102) than sweet
foods (n=83). Indeed, previous studies have shown suppression of tastes by other
tastes at higher concentrations in taste mixture solutions®%. This is confirmed
by recent findings by Lease et al."¥ who found that saltiness was unrelated with
sodium content in more complex foods and dishes, with competing taste, texture
and flavour attributes. The suppressive effect of tastes may result in a discrepancy
between taste intensity and nutrient content and may potentially affect our ability
to regulate food intake®Y,

In line with previous findings, our results showed that saltiness was positively
associated with both sodium and protein content, van Dongen™ found an
association of r=0.54 and r=0.52, respectively. It might be that products high
in saltiness, were also high in umami taste. Umami is a taste derived from
monosodium glutamate (MSG), guanosine monophosphate (GMP) and inosine
monophosphate (IMP) and is described as having a savoury taste®”. These
umami-tasting compounds occur naturally in foods that are rich in protein (e.g.
fish, aged or cooked meat), but also in foods that are not rich in protein (e.g.
tomatoes, mushrooms). To enhance flavour, MSG may also be added to processed
foods®). Unsurprisingly, the salty and umami taste often occur side-by-sidelt%:124,
Umami taste ratings were not obtained for the products in our database, however
umamiis measured by the Spectrum™ method and other methods of descriptive
analysis. Therefore, using the currently available data, the observed findings could
be underlying a true relationship between umami and protein content. Future
studies should include the umami rating scale, for example the scale developed
by Martin et al.?¥, to confirm a nutrient-signalling function for the umami taste.
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At this time, it is unknown to what extent the associations between taste and
nutrient content can be generalized to foods that are eaten on a daily basis in
the United States. Although the foods in our database were from various food
groups, the majority consisted of fast foods and/or snack products. Snack foods
and beverages contribute to ~25% of total energy intake in the US population®,
Moreover, about 80% of daily salt intake is derived from packaged and restaurant
foods®). Thus, foods in our database are important contributors to energy and
sodium intake in the US diet. It remains to be investigated what it means for food
intake regulation if an increasing proportion of our diet consists of processed
foods?). Between products, large variations exist in the relationship between
taste and nutrient content. For example, artificially sweetened diet soda may be
similar to its regular counterpart in perceived sweet taste intensity, but is highly
differentin mono- and disaccharide content. Therefore, taste alone is not the only
factor regulating our nutrient intake. Indeed, studies have shown that not only
taste, but also the texture, sight and smell of food may serve as a (learned) signal
for the post-ingestive consequences of foods®?"%).

In conclusion, our findings suggest that sweet and salt taste intensity can signal the
presence of nutrients, in particular mono- and disaccharides and sodium, in a range
of commercially available foods from the United States. However, the association
between taste and nutrient content may be weaker in complex foods with competing
tastes that may supress other tastes. The modifying effect of food form on this
relationship is more difficult to demonstrate in real-life foods than in model foods.
Further research should select and profile those foods that are most often consumed
and that contribute to the majority of the energy intake, using food intake data that
is representative of a larger population. Profiling foods on the basic tastes (including
umami), but also fat taste and/or texture may provide valuable insights in the extent
to which tastes signal macronutrient and sodium content in our current diet.
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Abstract

Taste plays a key role in food choice and dietary patterns, but studies on taste
profiles are limited. We previously assessed dietary taste patterns by 24h recalls
(24hR), but for epidemiological studies food frequency questionnaires (FFQ)
may also be suitable. This study compared dietary taste patterns based on FFQ
against 24hR and biomarkers of exposure. A taste database including 467 foods’
sweet, sour, bitter, salt, umami and fat sensation values was combined with food
intake data to assess dietary taste patterns: the contribution to energy intake of
6 taste clusters. The FFQ’s reliability was assessed against 3-d 24hR and urinary
biomarkers for sodium (Na) and protein intake (N) in Dutch men (n=449) and
women (n=397) from the NQplus validation study (mean age 53+11y, BMI 26+4
kg/m?). Correlations of dietary taste patterns ranged from 0.39-0.68 between FFQ
and 24hR (p<0.05). Urinary Na levels, but not N levels, were positively associated
with % energy intake from ‘salt, umami & fat’ tasting foods (Na; FFQ, r=0.24,
24hR, r=0.23, p<0.001, N; FFQ, r=0.08, p=0.1394, 24hR, r=0.05, p=0.3427). The FFQ’s
reliability against 24hR was acceptable to good for ranking of adults’ dietary taste
patterns. Associations between dietary taste patterns and urinary Na and N were
similar for FFQ and 24hR. These findings suggests that both FFQ and 24hR can be
used in combination with ourtaste database, to investigate potential relationships
between dietary taste patterns and subgroups at risk of chronic diseases such as
cardiovascular disease.

44



Evaluation of dietary taste patterns

Introduction

The role of taste in dietary intake is of particular interest from a nutritional
perspective, as taste plays a key role in food choice and development of dietary
patterns”. In addition, the taste of food may serve as an early signal of its
nutrient content®®. This nutrient-signalling function of taste may affect food
choice and satiation and thereby food intake®®. Studying dietary patterns
from a taste perspective - and not only a nutritional perspective - can provide a
deeper understanding of the role of taste in dietary intake. Moreover, dietary taste
patterns can provide novel insights into subgroups at risk of weight gain, obesity
and chronic diseases such as cardiovascular disease and type 2 diabetes.

Research on the role of taste in dietary intake is still in its infancy. To study taste-
related dietaryintake, itis essential to objectively quantify the tasteintensity values
across foods consumed within a population using a trained panel®. Training
increases the panel’s internal consensus, reproducibility and discriminative
power®12 Food nutrient composition databases exist globally, yet we are aware
of only three food taste databases®3'3,

To our knowledge, we are the first who assessed dietary taste patterns in the
Netherlands®™. In this previous study, we combined a taste database containing
sweet, sour, bitter, salt, umami and fat sensation values of 476 foods with 2-day
24-hour recalls (24hR) in two Dutch study populations. The percentage of energy
intake from 6 taste groups was similar for both study populations, suggesting
that dietary taste patterns can be assessed by combining 24hR with our taste
database. However, large-scale epidemiological studies often use food frequency
questionnaires (FFQ). Previous studies have validated FFQ to 24hR™®17 but this
was done for the assessment of food, energy and nutrient intake and not for
dietary taste patterns.

FFQ data contains less detailed information on food preparation and no data on
single foods as 24hR data do"¥. Therefore, the method of dietary assessment may
affect results concerning dietary taste patterns. It is therefore important to compare
dietary taste patterns based on FFQ data with an often used reference method
such as 24hR. In addition, because of correlated errors between FFQ and 24hR it
is generally preferred to validate these methods against biomarkers of exposuret®.
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The current study aimed to compare dietary taste patterns based on FFQ
against 24hR and biomarkers of exposure. Previous studies have found positive
associations between salt taste intensity and sodium content of foods, and
between umami taste and protein content>. Therefore, it was hypothesized that
urinary Na and N levels would be positively associated with the percentage of
energy intake from ‘salt, umami & fat’ tasting foods.

Methods

Study design and population

The Nutrition Questionnaires (NQplus) study was conducted between May 2011
and February 2013 in Wageningen and surroundings®, including in total 2,048
men and women aged between 20-70 years old. Half of the study population
(n=1,113) completed 3-6 telephone- and 3 web-based 24 hour recalls. For the
current analyses we used only the first three recalls by telephone. Telephone-
based recalls were held by trained dieticians and processed using the software
program Compl-eat™ (www.compleat.nl)??. In addition, more than half of the
study population (n=1,653) completed a 180-item FFQ!5?Y, In total 858 participants
completed boththe FFQ and atleast 3telephone-based 24 hourrecalls. Individuals
who were pregnant (n=2), underweight (n=5), without information on educational
level (n=4) or BMI (n=1) were excluded from the analyses. In total we included
dietary intake data from 449 men and 397 women with a mean age of 53+11y
and BMI of 26+4 kg/m?(Table B1, Appendix B). Height and weight were measured
by the investigators. Weight status subgroups were categorized as follows:
normal-weight (BMI 18.5-25.0 kg/m?), overweight and obese (BMI >25.0 kg/m?).
Educational level was categorized into low or medium (no education or primary
or lower vocational education, lower secondary or intermediate vocational) and
high (higher secondary or higher vocational education, or university). Age was
categorized into younger individuals (20-49 y) and older individuals (50-70 y).

Biomarkers of dietary exposure

Participants were requested to collect urine during a 24-hour period for one or two
days (n=821). Para-aminobenzoid acid (PABA) was used to check forcompleteness
(PABA recovery >78%; n=726) of the urine sample(s) and was measured using
the HPLC method®. The urinary recovery biomarker for sodium intake (Na)
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was measured (n=726) with an ion-selective electrode on a Roche 917 analyser
(Indianapolis, USA). Total 24-hour excretion (n=355) of the urinary recovery
biomarker for protein intake (N) was determined by the Kjeldahl technique (Foss
Kjeltec™ 2300 analyser)®. More details on the 24-hour urine collection, analyses
and storage have been described elsewherel?,

Misreporting of daily energy intake

Underreporting of energy intake was evaluated by calculating the ratio between
reported energy intake (El) and basal metabolic rate (BMR) for both the FFQ and
24hR data. Schofield equations were used to estimate BMR from body weight and
height, taking into account age and sex?”. The mean ratio of El to BMR was 1.30
(SD 0.36) in the FFQ and was 1.32 (SD 0.29) in the 24hR.

Taste database

Panellists

Panellists were trained to evaluate the intensity of sweet, salt, sour, bitter, umami
and fat sensation using a modified Spectrum™ method and received this intensive
training for in total 63 hours over six months.

Food selection and preparation

Foods for profiling (n=467) were selected based on the most recent Dutch National
Food Consumption Survey (DNFCS 2007-2010)%. The DNFCS is representative
of the Dutch population regarding age, sex, region, degree of urbanization
and educational level. In the DNFCS, diet was assessed for in total 3,819 Dutch
individuals aged 7-69 years. For the selection of foods we used dietary intake
data of 1402 adults between 19-50 years old (704 men, 698 women). Foods
were selected based on high consumption frequency, largest contribution to
the consumption of energy and macronutrients and largest contribution to the
variation in energy intake.

Dietary taste patterns

Classification of foods in taste groups

Groups of foods were formed within the taste database using hierarchical cluster
analyses on foods” and food groups’ mean taste intensity values. The number of
clusters was decided using Ward’s method?®. Six taste groups were identified that
accounted for 73% of the total variance in taste (R*=0.73). The taste groups were
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named as ‘neutral’, ‘fat’, ‘sweet & sour’, ‘bitter’, ‘sweet & fat” and ‘salt, umami & fat’
based on their mean taste intensity values (Table B2, Appendix B).

Twenty-four hour recalls

Foods reported in the 24-hour recalls and coded according to the Dutch food
composition table®?” were matched with foods in the taste database. For assigning
taste values to untested foods, we used the average taste intensity values of foods
within food groups as described previously". For example, we calculated average
taste intensity values of profiled foods in the food group ‘bread’” and assigned
these values and the corresponding cluster to all untested foods in this food
group. We identified when coffee and tea were consumed with sugar and/or milk
as described previously™. Subsequently, we assessed dietary taste patterns: the
percentage of daily energy intake contributed by each of the 6 taste food groups.
We assessed macronutrients’ contribution to the % of energy intake and absolute
protein and sodium intake, stratified by the 6 taste clusters (Tables B4 and B5,
Appendix B).

Food frequency questionnaire

The relative contribution of single foods to food items, based on consumption in
the DNFCS 2007-2010, was used to calculate weighted mean taste intensity values
for food items®®. Subsequently, we performed hierarchical cluster analyses on
food items’ mean taste intensity values, resulting in 6 taste groups that were
similar to the 24hR taste groups (Tables B3, B4 and B5, Appendix B). Marmite
appeared in a separate ‘salt & umami’ tasting cluster and this food item was
therefore excluded from the cluster analyses. The 6 clusters accounted for 79% of
the total variance in taste (R?=0.79).

Statistical analyses

All statistical analyses were performed using SAS 9.3. (SAS Institute, Inc., Cary,
NC, USA). Agreement of the dietary assessment methods at group level for
dietary taste patterns was calculated as: {[([group mean of FFQ] / [group mean of
(individual mean of) 24hR]) *100]-100} and expressed as percentage difference.
Group-level differences in mean dietary taste patterns between the FFQ and 24hR
were tested using paired-samples t-tests. Ranking of the participants with respect
to dietary taste patterns based on FFQ and 24hR data was studied by examining
the correlations and cross-classification of tertiles in dietary taste patterns.
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Pearson correlations were used for normally distributed variables (that is, the
percentage of energy intake from ‘neutral’ and ‘salt, umami & fat’ tasting foods)
and Spearman correlations for skewed variables (the four other taste groups). The
95% Cl of the correlation coefficients were calculated by Fisher’s Z-transformation.
Cohen’s Kappa was used for testing cross-classification, significant kappa values
indicate that agreement between the methods is higher than would be expected
by chance. The attenuation factors of the association between dietary taste
patterns based on the FFQ and 24hR were estimated as the slope in the linear
regression of the reported intake from 24hR on the reported intake from FFQ. The
95% Cl of the attenuation factors were calculated as: +1.96*SE.

Results

Dietary taste patterns at group level

At group level, the percentage of energy intake from ‘sweet & sour’, ‘fat’, ‘bitter’ and
‘sweet & fat’ tasting foods was significantly different between the FFQ and 24hR
(Table 1, p<0.001). Group-level bias ranged from -16% for ‘sweet & fat’ tasting
foods to 29% for ‘fat’ tasting foods.

Ranking of participants concerning dietary taste patterns

Correct classification of participants (same tertile) ranged from 46% for energy
intake from ‘salt, umami & fat’ tasting foods to 61% for energy intake from
‘bitter’ tasting foods when comparing FFQ and 24hR (Table 1). Classification of
participants in the opposite tertile ranged from 5% for energy intake from ‘bitter’
tasting foods to 13% for energy intake from ‘salt, umami & fat’ tasting foods. The
correlation coefficients ranged from 0.39 for energy intake from ‘salt, umami & fat’
to 0.68 for energy intake from ‘bitter’ tasting foods.

Dietary taste patterns at the individual level

At the individual level, the Bland-Altman plots showed both over- and
underestimation of dietary taste patterns assessed by FFQ compared to 24hR
(Figure 1).
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Figure 1 Comparison of the difference in the percentage of daily energy intake from 6 taste groups between
FFQ and 24-h recalls (24hR) against the mean of FFQ and 24hR with 95% limits of agreement for the total
population (N, _=846) in the NQplus study

total

Dietary taste patterns by individual characteristics

Sex

In both FFQ and 24hR, women consumed relatively more energy from ‘sweet &
sour’ (and ‘sweet & fat’ tasting foods than men, whereas men consumed relatively
more energy from ‘bitter’ and ‘salt, umami & fat’ tasting foods than women
(p<0.05, Table B6, Appendix B), adjusted for age, BMI and educational level.
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Weight status

Overweight and obese individuals consumed relatively more energy from ‘salt,
umami & fat’ tasting foods than normal-weight individuals (p<0.05, Figure 2
and Table B6, Appendix B), both in FFQ and 24hR and adjusted for age and
educational level.

Validation of dietary taste patterns using urinary biomarkers

Urinary Na was significantly positively associated with the percentage of energy
intake from ‘salt, umami & fat’ tasting foods based on both FFQ and 24hR data
(Table 2; FFQ, r=0.24, and 24hR, r= 0.23, both p<0.001). In contrast, urinary N
was not significantly associated with the percentage of energy intake from ‘salt,
umami & fat’ tasting foods (FFQ, r=0.08, p=0.139, 24hR, r=0.05, p=0.343). However,
we did find significant positive associations between absolute protein intake (g)
from ‘salt, umami & fat’ tasting foods and urinary N (FFQ, r 0.29, 24hR, r 0.32, both
p<0.001, Table B5, Appendix B). For total absolute protein intake and urinary N
we found significant positive associations of 0.44 and 0.50 for the FFQ and 24hR
(p<0.001), respectively.

Men Women

Energy % (24hR)

Figure 2 Percentage of daily energy intake (mean+SD) from each taste group stratified by sex and weight
status'

" Indicates significant difference between subgroups as measured by MANCOVA (multivariate ANCOVA)
- including all tastes and subgroups. If the overall effect was significant (p<0.05), ANCOVA was used to
compare weight status subgroups within each taste group (p<0.05, Bonferroni corrected).

"Normal-weight men (E5), n=160, overweight and obese men (=), n=289, normal-weight women (EZ),
n=216, overweight and obese women (EZH), n=181.
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Discussion

The current study aimed to compare dietary taste patterns based on FFQ against
24hR and biomarkers of exposure. Correlations of dietary taste patterns ranged
from 0.39-0.68 between FFQ and 24hR. Urinary Na levels, but not N levels, were
positively associated with the percentage of energy intake from ‘salt, umami & fat’
tasting foods in the FFQ and 24hR. We found similar results concerning dietary
taste patterns based on FFQ and 24hR by sex and weight status.

We studied ranking of participants based on FFQ and 24hR by examining the
correlations and cross-classifications. Although no previous studies exist that
have compared dietary taste patterns between FFQ and 24hR, we can interpret
our results if compared with results from previous validation studies on Dutch
food groups and macronutrient intakes. The correlations between methods were
of similar magnitude as the correlations reported by Sluik et al."” and Streppel
et al.’ who both compared a FFQ with 3 days of 24hR within a Dutch adult
population. In these studies, correlation coefficients of absolute intakes (g) of the
majority of the food groups varied between 0.3 and 0.6. Correlation coefficients
for the percentage of energy from macronutrients were lowest for total fat (r=0.27
and r=0.43, respectively) and highest for alcohol (r=0.83) and total carbohydrates
(r=0.66). This is similar to our findings; we found low correlations for energy intake
from ‘fat” and higher correlations for energy intake from ‘bitter’ tasting foods such
as alcoholic beverages.

In the current study, approximately half of the participants were classified in
the same tertile of dietary taste patterns, which is similar to the results from
cross-classification between a FFQ and repeated 24hR on food groups® and
macronutrients®. Only a small proportion of participants were classified in
the opposite tertile (~10%), which corresponds to a good outcome on cross-
classification®”. The weighted Kappa showed fair to moderate agreement. Thus,
the results from cross-classification and the correlations between the two dietary
assessment methods suggest that ranking of participants was acceptable to good
based on the FFQ for dietary taste patterns.

Because of correlated errors between FFQ and 24hR we included the urinary
recovery biomarkers for sodium (Na) and protein (N) intake and investigated
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potential associations with dietary taste patterns. As hypothesized, we found
significant positive associations between urinary Na and the percentage of energy
intake from ‘salt, umami & fat’ tasting foods in both the FFQ and 24hR. These
associations arein line with previous studies on individual foods that have found
significant positive associations between salt taste intensity and Na content.
However, associations between urinary Na and dietary taste patterns were
modest for both FFQ and 24hR. An explanation might be that foods from other
taste groups also contribute to Na intake in our study. For example, neutral tasting
bread is one of the main contributors to Na intake in the Netherlands®V. Indeed,
major contributions to sodium intake were from ‘neutral’ (FFQ, 893+337 mg and
24hR, 9614369 mg) and ‘salt, umami & fat’ (FFQ, 997+507 mg and 24hR, 1247+572
mg) tasting foods in our study. Thus, our findings were within the expected range,
in particular given the absence of data on salt added during cooking in the dietary
assessment methods and in our taste database. Nevertheless, associations
between urinary Na and dietary taste patterns were of similar strength for both
dietary assessment methods, supporting the reliability of the FFQ in assessing
dietary taste patterns.

In contrast with our expectations, we did not find significant positive associations
between urinary N and the percentage of energy intake from ‘salt, umami & fat’
tasting foods. However, we found significant positive associations between total
protein intake (g) and urinary N for the FFQ and 24hR. Major contributions to
protein intake were both from foods tasting ‘neutral’ (e.g. milk; % energy, FFQ,
6+2 and 24hR, 7+2) and foods tasting ‘salt, umami & fat’ (e.g. meat, cheese; %
energy, FFQ, 6+2 and 24hR, 6+3) and this may explain why urinary N is not
clearly associated with the percentage of energy intake from these taste groups.
Moreover, we did find significant positive associations between absolute protein
intake (g) from ‘salt, umami & fat’ tasting foods and urinary N. Thus, we found
similar associations between urinary N and dietary taste patterns in the FFQ and
24hR that were within the expected range because we measured % energy intake
and not absolute protein intake.

At group level, energy intake from ‘sweet & fat’ tasting food was significantly
lower and from ‘fat’ tasting foods was higher in the FFQ compared to 24hR. This
might be explained by underreporting of foods, e.g. because of social desirable
answering®. Yet, underreporting of energy intake was equally present in both
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dietary assessment methods. Moreover, the ratio of energy intake to basal
metabolic rate almost reached the expected ratio of 1.35 which is needed to
maintain energy balance based on a sedentary or light activity lifestyle®,
Nevertheless, differential misreporting of specific foods remains a possible
explanation for these differences in dietary taste patterns between the dietary
assessment methods.

Importantly, we found similar differences in dietary taste patterns by sex and
weight status based onthe FFQ and 24hR, which were in line with previous findings
based on 2-day 24hR in the Netherlands®!. Women consumed relatively more
energy from foods tasting ‘sweet & fat” and ‘sweet & sour’ than men, whereas men
consumed relatively more energy from foods tasting ‘bitter’ and ‘salt, umami &
fat’ than women. In addition, overweight and obese men and women consumed
relatively more energy from ‘salt, umami & fat’ tasting foods than normal-weight
men and women. These findings suggest that both the FFQ and 24hR can be used
to study differences in dietary taste patterns by population subgroups.

In conclusion, the FFQ’s reliability was acceptable to good for ranking of adults
based on dietary taste patterns, as compared against 24hR. In addition, we found
associations between dietary taste patterns and urinary Na and N that were
similar in both dietary assessment methods. Dietary taste patterns by sex and
weight status were also similar based on FFQ and 24hR. These findings suggests
that both FFQ and 24hR can be used in combination with our taste database, to
investigate potential relationships between dietary taste patterns and subgroups
at risk of chronic diseases such as cardiovascular disease.
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Abstract

Tasteis a key driver of food choice and intake. The role of taste in the diet in early-
life may influence later taste preferences and food choice. However, dietary taste
patterns in early-life are unexplored. We aimed to assess dietary taste patterns
and associations with maternal and child characteristics in children aged one
and two years in a large population-based cohort. A taste database - containing
500 foods’ taste intensity and fat sensation values - was combined with two
similar food-frequency questionnaires in one year olds (n=3,629) and two year
olds (n=844) in the Generation R Study. Subsequently, energy intake from five
taste groups: ‘neutral’, ‘sweet & sour’, ‘sweet & fat, fat’ and ‘salt, umami & fat’
was assessed. In one year olds the majority of energy intake was obtained from
‘neutral’ tasting foods (64%), this was substantially higher than in two year olds
(42%). Energy intake from ‘sweet & fat’ (18%), ‘fat’ (11%) and ‘salt, umami and fat’
(18%) tasting foods was higher in two year olds than in one year olds (7%, 6%,
11%, respectively). Higher child BMI Z-scores were associated with relatively more
energy from ‘salt, umami & fat’ tasting foods in one year olds (adjusted model,
=0.21, 95% Cl 0.05, 0.38). In conclusion, dietary taste patterns become more
intense and varied in taste during the first two years of life, and were associated
with child BMI. Studying dietary taste patterns increases our understanding of the
role of taste in dietary intake in early-life.
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Introduction

From a nutritional perspective, it is essential to enhance our understanding of
the role of taste in dietary intake in early-life. During the first two years of life,
there is a transition from milk only to table foods. This transition may potentially
have important consequences for the development of taste preferences and food
choices laterin lifel?.

A first step towards a better understanding of the effects of early taste exposure
on eating behaviour later in life, is to identify the factors related to dietary taste
patterns. In a large population-based cohort, frequent intake of sweet foods at
one year of age was associated with higher maternal BMI, younger maternal age
and lower parental educational level®. Similar associations were found between
dietary patterns rich in savoury snacks, confectionary and sweetened beverages
and BMI, age and educational level in other studies*®. Already since the 1970s it
is debated whether overweight or obese individuals have a preference for sweet
or savoury tasting foods" %, In a study on dietary taste patterns in adults, instead
of preferences, we found that obese individuals consumed relatively more energy
from ‘salt, umami & fat’ tasting foods than normal-weight individuals®. However,
the role of taste in dietary intake and the factors associated with dietary taste
patterns has never been studied in early childhood.

To adequately study the role of taste in dietary intake, the taste intensity values
of foods consumed within an infant’s diet should be objectively quantified. For
this objective quantification of sensory properties of foods trained panels can be
used™?. Although food nutrient composition databases exist globally, we are aware
of only four databases with taste properties of commonly consumed foods*9, of
which only one included infant foods such as fruit purees and infant formula®®. For
the compilation of this latter database, Schwartz et al."® assessed the basic taste
intensity values of 82 common infant foods in France using a trained sensory panel.
Subsequently, this database was used in two studies to investigate taste exposure
on the basis of consumption frequency, and to assess associations with maternal
and child characteristics in early-life®®!, These studies found that foods were
generally low in taste intensity and that taste exposure increased during the first year
of life1, Moreover, Yuan et al.*” found that exposure to sweetness and fattiness
was associated with maternal educational level and feeding practices, but not with
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maternal or child BMI. However, these studies focused on the factors associated with
only sweet and fat taste exposure during the first year of life, and not on the factors
associated with all basic tastes and fat sensation in the diet in early-life.

In the current study, we aimed to assess dietary taste patterns - energy intake from
five food groups with different tastes - in children aged one and two years in a large
population-based cohort. In addition, we investigated whether maternal and child
characteristics are associated with dietary taste patterns during early childhood.

Methods

Atrained sensory panelwasset-up in Wageningen to assess a large set of frequently
consumed foods in terms of basic taste intensity and fat sensation values in a
taste database. Taste intensity values were assigned to food items in the food-
frequency questionnaires (FFQ) that were used in our study. Subsequently, we
compared the contribution to energy intake from five taste groups - consisting
of foods that were most similar in taste - at the age of one year and two years. In
addition, we investigated associations between maternaland child characteristics
and dietary taste patterns.

Compilation of the taste database

Dutch adults (18-55 y) with a self-reported normal body mass index (BMI)
(18.5-25.0 kg/m?) were recruited from Wageningen and surroundings (the
Netherlands). We selected panellists (n=15) based on their taste recognition, taste
discrimination, the ability to sustain attention, and sensory profiling abilities. The
training procedure and selection of panellists have been described in more detail
elsewherel819,

Training and panel performance

Panellists were trained to evaluate the intensity of sweet, salt, sour, bitter, umami
and fat sensation using modified Spectrum™ scales (0-100mm) for in total 63
hours over six months!*?%_ Panellists were able to discriminate between solutions
and foods, and the majority of all taste values could be reproduced. Panellists
profiled each of the foods in triplicate. Details of the panel performance can be
found elsewhere?,
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Food selection and preparation for profiling

Foods for profiling were selected based on the most recent Dutch National Food
Consumption Survey (DNFCS; 2007-2010, n=3,819, 7-69 years)?. The study
population from the DNFCS is representative of the Dutch population regarding
age, sex, region, degree of urbanization, and educational level. We used food
intake data of 1402 adults between 19-50 years old (704 males, 698 females). Foods
were selected based on pre-defined criteria, which were consumption frequency
and contribution to the consumption of energy and macronutrients. In addition,
we selected foods that contributed most to the variation in energy intake. In total,
we selected 476 foods that contributed in total to 83% of energy intake for an
average individual day of consumption. We used expert knowledge from research
dieticians to select one of the most often consumed brands for profiling. Expert
knowledge was also used to include 20 foods eaten by young children in our
taste database: Bambix porridge flour prepared with Nutrilon follow on standard
1, Liga baby biscuits (>4 months, >6 months, >12 months), Danone children’s
dessert, 3 infant fruit purees, and 12 infant food meals. In addition, we used the
average taste intensity values from 8 Malaysian infant formulas for Dutch infant
formulas in our study, because these formulas were similar in macronutrient
content™. Cooked foods were prepared using recipes from the product’s package
or were prepared according to normal household practice®. Cooked foods were
prepared unseasoned, so without any additions of condiments, salt or spices.

Food intake data

Study population and study design

Dietary taste patterns were evaluated in children participating in the Generation
R Study, an ongoing multi-ethnic population-based prospective cohort from fetal
life onward in Rotterdam, the Netherlands. Pregnant women with an expected
delivery date between April 2002 and January 2006 were enrolled. The study was
approved by the Medical Ethics Committee of Erasmus Medical Centre and written
informed consent was obtained from parents of all participating children®. More
details on the general design of the Generation R Study can be found elsewhere®,

A food-frequency questionnaire (FFQ) was sent to mothers of 5,088 children to
assessdiet around the age of oneyear (median age of 12.9 months (IQR: 12.7-13.9).
Dietary data was available for 3,629 of these children (response 72%)?*. Mothers
of a subpopulation, consisting of 899 children with a Dutch ethnic background
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only, received an additional FFQ around their child’s age of two years. For 844 of
these children, dietary data was available (response 94%). In total, 777 children
had valid dietary data at both time points®.

Dietary assessment

Dietary intake of the one year olds was assessed using a semi-quantitative 211-
item FFQ®. This FFQ included foods that are frequently consumed by children
aged 9-18 months, according to a Dutch national food consumption survey?.
Energy and nutrient intakes were calculated using the Dutch Food Composition
Table 2006, Validation against 24h recalls showed reasonable to good intraclass
correlation coefficients for nutrient intakes; correlations ranged from 0.36 for fat
intake to 0.74 for protein intake®. The FFQ that was used around the child’s age
of two years (median 24.9 months (IQR: 24.7 - 25.5) was similar to the one that
was used at the age of one year. Compared to the FFQ used at age one year, this
second FFQ included more items on specific dairy products, nuts and seeds, and
toddler foods; and fewer items on specific types of infant formula®®”.

Maternal and infant characteristics

At enrolment in the Generation R study, questionnaires were used to obtain
information on maternal age, ethnic background (Dutch; non-Dutch), and
educational level (low: ranging from no education up to lower vocational training;
high: ranging from higher vocational training to higher academic education).
Maternal ethnic background was based on the country of birth of her parents and
categorized according to Statistics Netherlands®”. In addition, maternal height
and weight were measured, and BMI was calculated (kg/m?).

Information on child’s date of birth and sex was obtained from medical
records. Information on breastfeeding duration was obtained from postnatal
questionnaires. Timing of complementary feeding introduction (<3; 3-6; =6
months) was assessed with questionnaires. Height and weight of the children
were measured at median ages of 14.3 (IQR 14.1-14.6) and 24.7 (IQR 24.2-25.6)
months without shoes and heavy clothing and their age- and sex-specific BMI
Z-scores were calculated.
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Assigning taste values to food items

Therelative contribution of single foods to food items, based on food consumption
data, was used to calculate weighted mean taste intensity values for food
items®?¥, Taste values of untested foods were estimated based on mean taste
intensity values of the corresponding food groups as described elsewhere®™. For
example, we calculated average taste intensity values of profiled foods in the food
group ‘bread” and assigned these values to all untested foods in this food group.

Statistical analyses

Allstatistical analyseswere performed using SPSSversion 21.0 software (IBM Corp.)
and SAS version 9.3. (SAS Institute, Inc., Cary, NC, USA). We performed hierarchical
cluster analyses on the mean taste intensity values from food items included in
the FFQs, resulting in five taste clusters. The five clusters accounted for 82% of the
total variance in taste (R?=0.82). The number of clusters was decided using Ward’s
method®). The percentage of energy intake from the 5 taste clusters was assessed
at children’s age of one year and two years; differences in dietary taste patterns
between the age of one year and two years were tested using paired-samples
t-tests. Ranking of the one and two year olds with respect to dietary taste patterns
was studied by examining the correlations and cross-classification of tertiles for
the percentage of energy intake from each taste group. Pearson correlations were
used for normally distributed variables (that is, the percentage of energy intake
from ‘neutral’ tasting foods) and Spearman correlations for skewed variables
(the four other taste groups). The 95% CI of the correlation coefficients were
calculated by Fisher’s Z-transformation. Cohen’s Kappa was used for testing
cross-classification, significant kappa values indicate that tracking of dietary taste
patterns is higher than would be expected by chance.

We used multivariable linear regression models to study associations between
dietary taste patterns and maternal and infant characteristics in early childhood.
These models included maternal age, ethnic background, educational level,
and BMI, and child’s age, sex, breastfeeding duration, timing of introduction of
complementary feeding, and BMI Z-scores. Model 1 was unadjusted and model
2 was adjusted for all other factors to examine whether associations were
independentofeach other. To reduce potential bias dueto missingvalues on some
of the determinants (ranging from 0% to 18.8%), these variables were multiple
imputed (n=10imputations). Estimates were similar before and after imputation,
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and the presented effect estimates are the pooled regression coefficients of the
10 imputed datasets. As sensitivity analyses, linear regression models between
determinants and dietary taste patterns were restricted to participants with a
Dutch ethnic background, because the FFQs were originally developed for Dutch
children. In addition, sensitivity analyses were performed by excluding potential
under- and overreporters of energy intake (<2SD; 493 kcal and >2SD; 2153 kcal).
This did not affect our results (data not shown).

Results

Population characteristics

Table 1 presents characteristics of the children and their mothers. Mean age of
the mothers at enrolment in the study was 31.4 + 4.6 years. The majority of them
were highly educated (62.8%) and had a Dutch ethnic background (65.4%). Mean
breastfeeding duration was 3.5 (IQR 1.5-7.8) months. Most of the children received
partial breastfeeding in the first 4 months of life (59.4%) and were introduced to
complementary feeding between the ages of 3 and 6 months (56.4%).

Table 1 General characteristics of the study population (n=3,629)

N (%), mean (SD), or median (IQR)

Maternal characteristics

Age at enrolment Years 31.4 (4.6)
Ethnic background % Dutch 65.4
Educational level % high 62.8
Body mass index at enrolment (kg/m?) 23.5(21.6-26.2)
Child characteristics
Sex % girls 51.0
Age Months 12.9(12.7-13.9)
Breastfeeding duration 3.5(1.5-7.8)
Never % 12.8
Partial in the first 4 months % 59.4
Exclusive for at least 4 months % 217.8
Introduction complementary feeding
After 6 months % 379
3-6 months % 56.4
0-3 months % 57
Body mass index at dietary assessment  (kg/m?) 17.1(1.3)
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Classification of food items in taste clusters

We performed cluster analyses on the mean taste intensity values from food items
included in the FFQs, resulting in five taste clusters. The taste clusters could be
described as ‘neutral’, ‘fat’, ‘sweet and sour’, ‘sweet and fat” and ‘salt, umami and
fat’ based on their mean taste intensity values (Tables C1, C7 and C8, Appendix
C).

Dietary taste patterns in early childhood

We combined the results from cluster analyses with food intake data to assess
the contribution to energy intake of five taste clusters. Children at the age of one
year (n=3,629) consumed most energy from ‘neutral’ tasting foods (63% of the
energy intake), followed by ‘sweet & sour’ (13%), ‘salt, umami & fat’ (11%), ‘sweet
& fat’ (7%) and ‘fat’ (5%) tasting foods (Figure 1). Children aged two years (n=844)
consumed relatively less energy from ‘neutral’ (42%) and ‘sweet & sour’ (10%)
tasting foods, but relatively more energy from ‘sweet & fat’ (18%), ‘salt, umami &
fat’ (17%) and fat’ (11%) tasting foods than children aged one year (all p<0.001).
Dietary taste patterns at group level in one (n=3,629) and two year (n=844) olds
were similar among the 777 children for whom we had dietary data at both ages
(Table C2, Appendix C).

In this subgroup for which we had dietary data at both ages, dietary taste patterns
at the age of one year and two years were significantly positively associated for
all taste clusters (Table 2, p<0.001). Cross-classification of children that were
classified in the same tertile ranged from 40% of energy intake from ‘sweet & fat’
tasting foods to 48% from ‘fat’ tasting foods. Cross-classification in the opposite
tertiles ranged from 12% of energy intake from fat’ tasting foods to 17% from
‘sweet & fat’ tasting foods. The weighted Kappa was 0.28 (95% Cl 0.22-0.33) for
% energy intake from fat’ tasting foods, 0.17 (0.12-0.23) for % energy intake from
‘neutral’ tasting foods, 0.16 (0.10-0.21) for % energy intake from ‘salt, umami & fat’
tasting foods, 0.14 (0.08-0.20) for % energy intake from ‘sweet & fat’ tasting foods
and 0.15 (0.09-0.21) for ‘sweet & sour’ tasting foods (all p<0.001).
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Figure 1 Development of dietary taste patterns in early childhood - the percentage of daily energy intake
from each taste group in one year (n=3629) and two year (n=844) old children*

‘Neutral (), ‘sweet & sour’ (C]), ‘sweet & fat’ (), ‘fat’ (CJ), ‘salt, umami & fat’ (CJ) tasting foods

Table 2 Comparison of children at 1 year and 2 years (n=777) concerning dietary taste patterns at group
level and within child tracking of dietary taste patterns; correlation coefficients and cross-classification in
the generation R study’

Taste group Correlation 95% Cl % same % opposite Kappa 95% Cl
coefficient tertile tertile

Neutral 0.28" 0.21,0.34 42 16 0.17 0.12,0.23

Sweet/sour 0.20° 0.13,0.27 42 17 0.15° 0.09,0.21

Sweet/fat 023 0.16,0.30 40 17 0.14° 0.08,0.20

Fat 0.40° 0.34,0.46 48 12 0.28 0.22,0.33

Salt/umami/fat 0.25° 0.18,0.31 41 16 0.16° 0.10,0.21

'Cross-classification into tertiles
‘Pearson’s correlation coefficients, Spearman’s rank correlation coefficient for the other taste groups
* p<0.001

Associations between dietary taste patterns and maternal and child
characteristics

Within the group of children that were around one year old, higher child age was
associated with relatively less energy from ‘neutral’ (adjusted model; 3=-1.8 (95%
Cl;-2.0,-1.6)) tasting foods and relatively more energy from all other taste groups
(p<0.05, adjusted). Higher child BMI Z-scores were associated with relatively more
energy from ‘salt, umami&fat’ tasting foods (unadjusted model; 3=0.2,95% CI 0.1,
0.4, adjusted model; 3=0.2,95% Cl 0.1, 0.4). Higher maternal educational level was
associated with relatively more energy from ‘neutral’ tasting foods (unadjusted
model; $=2.3 (95% Cl; 1.3, 3.3), adjusted model; 3=1.0 (95% Cl; -0.0, 2.0)) and
relatively less energy from ‘fat’ (adjusted model; 3=-0.5 (95% CI; -0.8, -0.2)) and
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‘sweet & fat’ (adjusted model; 3=-0.9 (95% CI; -1.3, -0.4)) tasting foods (Tables 3
and 4). Children with mothers of non-Dutch ethnicity consumed relatively more
energy from ‘neutral’ (adjusted model; 3=2.3 (95% Cl; 1.4, 3.3)) tasting foods and
relatively less energy from ‘sweet & sour’ (adjusted model; 3=-2.9 (95% ClI; -3.5,
-2.4)) tasting foods than children of mothers of Dutch ethnicity.

Sensitivity analyses restricted to children with a Dutch ethnic background yielded
similar effect estimates (Tables C3 and C4, Appendix C). In this subgroup, higher
educational level was associated with relatively more energy from ‘neutral tasting
foods (unadjusted model; 3=2.9 (95% Cl; 1.6, 4.2)), which remained statistically
significant in the adjusted model (3=1.5,95% Cl: 0.2, 2.8). In addition, dietary taste
patternsin two year olds (n=844) showed that higher maternal BMI was associated
with relatively less energy from ‘neutral’ tasting foods and with relatively more
energy from ‘salt, umami & fat’ tasting foods (Table C5, Appendix C). Also, higher
maternal age was associated with relatively less energy from ‘sweet & sour’ tasting
foods. Girls obtained relatively more energy from ‘sweet & sour’ tasting foods and
less from ‘sweet & fat’ tasting foods than boys (Table C6, Appendix C).

Table 3 Associations of maternal characteristics (3 (95%Cl)) with contribution to % energy from each taste
cluster at the age of one year (n=3,629)

Neutral Sweet/sour Sweet/fat Fat Salt/umami/fat

Maternal age
Model 1 0.4 (0.3,0.5) -0.0(-0.1,0.0) -0.2(-0.2,-0.1) -0.1(-0.1,-0.0) -0.1(-0.2,-0.1)
Model2 0.4(0.3,0.4) -0.1(-0.2,-00) -0.1(-0.1,-0.1) -0.1(-0.1,-0.0) -0.1(-0.2,-0.1)
Educational level
Low Reference Reference Reference Reference Reference
High
Model 1 2.3(1.3,3.3) 0.6(0.1,1.2) -1.6(-2.1,-1.2) -0.7(-1.0,-0.4) -0.6(-1.1,-0.2)
Model2 1.0(-0.0,2.0) 0.5(-0.1,1.1) -0.9 (-1.3,-0.4) -0.5(-0.8,-0.2) -0.2(-0.6,0.3)
Maternal BMI
Model 1 -0.2(-0.3,-0.1) 0.0(-0.0,0.1) 0.1(0.1,0.2) 0.0(0.0,0.1) 0.0(-0.0,0.1)
Model2 -0.2(-0.3,-0.1) 0.0(-0.0,0.1) 0.1(0.1,0.2) 0.0 (-0.0,0.1) 0.0 (-0.0,0.1)
Ethnic background

)

Dutch Reference Reference Reference Reference Reference
Non-Dutch
Model 1 1.4(0.5,2.3) -2.9(-3.5,-2.4) 0.8(0.4,1.2) 0.4(0.1,0.6) 0.4(-0.0,0.8)
Model 2 2.3(1.4,3.3) -2.9(-3.5,-2.4) 0.3(-0.1,0.7) 0.1(-0.2,0.4) 0.2 (-0.3,0.6)

Model 1 is unadjusted. Model 2 is adjusted for all other maternal and child characteristics. Bold values
indicate statistically significant effect estimates.
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Table 4 Associations of child characteristics (3 (95%Cl)) with contribution to % energy from each taste
cluster at the age of one year (n=3,629)

Neutral Sweet/sour Sweet/fat Fat Salt/umami/fat

Sex
Boy Reference Reference Reference Reference Reference
Girl
Model 1 0.6(-0.3,1.4) 0.1(-0.4,0.7) -0.3(-0.6,0.1) -0.4(-0.6,-0.1) -0.1(-0.5,0.3)
Model 2 0.4(-0.4,1.2) 0.3(-0.3,0.8) -0.2(-0.6,0.1) -0.4(-0.6,-0.1) -0.1(-0.4,0.4)
Child age at FFQ
Model 1 -1.8(-2.1,-1.6) 0.4(0.3,0.6) 0.6 (0.5,0.7) 0.3(0.2,0.4) 0.6 (0.5,0.7)
Model 2 -1.8(-2.0,-1.6) 0.4(0.3,0.5) 0.6 (0.5,0.7)  0.3(0.2,0.4) 0.6 (0.5,0.7)
Child BMI Z-score’
Model 1 -0.3(-0.7,0.1)  0.2(-0.0,0.4) -0.1(-0.2,0.1) -0.1(-0.2,0.1) 0.2(0.1,0.4)
Model2  -02(-0.5,02) 02(-0.1,04) -0.1(-03,0.0 -0.1(-0.2,0.1) 0.2(0.1,0.4)
Breastfeeding duration
Model 1 0.4 (0.3, 0.6) -0.2 (-0.3,-0.2) -0.1(-0.2,-0.1) 0.0(-0.0,0.0) -0.1(-0.2,-0.0)
Model2  0.3(0.2,0.4) -0.2(-0.3,-0.1) -0.1(-0.1,-0.0) 0.0(-0.0,0.0)  -0.1(-0.1,0.0)
Introduction of complementary feeding

After 6 months  Reference Reference Reference Reference Reference

3-6 months
Model 1 -1.8(-2.8,-0.9) 0.5(-0.1,1.1) 0.7 (0.3, 1.0) 0.2(-0.1,0.5) 0.5(0.0,0.9)
Model2  -1.2(-2.2,-0.3) 03(-03,09) 0.5(0.1,0.8) 02(-0.1,04)  0.3(-0.1,0.8)

0-3 months
Model 1 -3.2(-5.2,-1.1) -09(-2.1,04) 2.0(1.2,2.8) 0.9(0.2,1.5) 1.2(0.3,2.2)
Model2  -2.3(-4.2,-0.3) -08(2.0,04) 1.4(0.7,2.3) 0.7(0.1,1.3)  0.9(-0.0,1.9)

Model 1 is unadjusted. Model 2 is adjusted for all other maternal and child characteristics. Bold values

indicate statistically significant effect estimates.
"Child age- and sex- specific BMI Z-score

Discussion

This study aimed to assess dietary taste patterns in children aged one and two
years in a large population-based cohort. In addition, we investigated whether
maternal and child characteristics are associated with dietary taste patterns in
early childhood. In children aged one year, the majority of energy intake was
obtained from ‘neutral’ (64%) tasting foods, which was substantially higher than
in children aged two years (42%). Energy intake from ‘sweet & fat, ‘fat” and ‘salt,
umami & fat’” tasting foods was higher in two year olds than in one year olds.
Higher child BMI Z-scores were associated with relatively more energy from ‘salt,
umami & fat’ tasting foods at the age of one year. Higher maternal educational
level was associated with relatively more energy from ‘neutral’ tasting foods and
less from ‘fat’ and ‘sweet & fat’ tasting foods in one year olds.
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To our knowledge, this is the first study that compared the role of taste in
dietary intake in one and two year old children. Two previous studies that have
investigated taste exposure during the first year of life*!" defined taste exposure
on the basis of the frequency of food consumption rather than on the contribution
to energy intake. Similar to our findings, these studies found that foods were
generally low in basic taste intensity during the first year of life, and that the
exposure to sweetness, sourness, bitterness, saltiness, umami, and fattiness
increased during the first year of lifel®'". In the current study, we found that two
year olds consumed relatively less energy from ‘neutral’ tasting foods, which were
low in taste intensity, and relatively more from ‘sweet & fat’, ‘fat’ and ‘salt, umami
& fat’ tasting foods than one year olds. Taken together, these findings suggest
that dietary taste patterns become more intense and varied in taste during the
first two years of life. This could potentially have important consequences for the
development of taste preferences and food choices later in life.

In the Netherlands, it is recommended for children to eat regular table foods
from the age of one year onwards®. In a previous study, we found that adults
from the DNFCS (2007-2010) consumed most energy from ‘neutral’ tasting foods
(men; 35%, women; 37% of the energy), followed by ‘salt, umami & fat’ (24%,
21%, respectively), ‘sweet & fat’” (12%, 15%, respectively), ‘sweet & sour’ (10%,
13%, respectively), ‘fat’ (11%, 10%, respectively) and ‘bitter’ (7%, 3%, respectively)
tastingfoods*¥. In the current study, the percentage of energy intake from ‘neutral’
tasting foods (42%) at the age of two years is more comparable to that of adults
than at the age of one year (63%). Moreover, the percentage of energy intake from
the other taste groups was also closer to that of adults at the age of two year than
at the age of one year. These findings suggest that the intensity and the variety of
dietary taste patterns increase during the first two years of life, and become more
similar to those of adults when children reach the age of two years.

This study is the first that found positive associations between higher child BM|
Z-scores and energy intake from ‘salt, umami & fat’ tasting foods at the age of
one year. Similarly, in previous research we found that obese adults consumed
relatively more energy from ‘salt, umami & fat’ tasting foods than normal-weight
adults®¥. These findings were found in two independent study populations,
of which one population was representative for the Dutch adult population
regarding age, sex, region, degree of urbanization and educational level. Thus,
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based on dietary intake data we found that both one year old children and adults
consumed relatively more energy from ‘salt, umami & fat’ tasting foods with
increasing BMI. Previous studies on taste preferences have found inconsistent
relationships between preferences for sweet or savoury foods and obesity!19.
An explanation might be that laboratory measures of taste preferences may
not accurately predict dietary intake. It is thus of importance to study the role
of taste in dietary intake in everyday life, including the consumption context.
Taken together, these findings suggest a potential relationship between savoury
food intake and obesity in adults and in children. Future research is needed to
investigate a potential causal relationship between savoury food intake and
obesity.

In our study, ‘salt, umami & fat’ tasting foods were on average higher in protein
contentthanfoods from othertaste groups. Observational studies have found that
a higher protein intake during the complementary feeding period is associated
with a higher BMI in later childhood®=%. In addition, it has been shown that
energy-adjusted protein intake at one year of age was associated with a higher fat
mass index and not a higher fat free mass index at age 6 years®. Moreover, higher
protein intake in infancy may also have a causal relationship with a higher BMI in
later childhood, as shown by a large randomized trial in which children aged one
year received high-protein or lower-protein infant formulas®. Future studies are
needed to investigate associations between dietary taste patterns during infancy
and child BMI and body composition in later childhood to confirm these findings
from a taste perspective.

In a subgroup of our study population in which we had dietary data available
at both ages, we observed significant positive associations between dietary
taste patterns at the age of one year and two years for all taste clusters. To our
knowledge, no studies have investigated tracking of dietary taste patterns from
one year to two year old children. However, previous studies have found that
the frequency of consumption of food groups such as fruits, vegetables, dairy
products, eggs, fish, sweetened beverages, sweets, and sweet & savoury energy-
dense snacks in toddlerhood could be predicted by the consumption frequency
during infancy®"*¥. These findings suggest that early taste exposure may indeed
be important for taste preferences in later childhood. However, these findings
may also reflect stability in parenting practices and household food offering,
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rather than tracking of taste preferences over time. That is, young children have
little food choice autonomy. Future studies are needed that follow children from
an early age to an age where they start making their own food choices, to further
confirm tracking of dietary taste patterns.

Higher educational level was associated with relatively more energy from ‘neutral’
tasting foods and relatively less energy from ‘sweet & fat’ tasting foods at the
age of one year. These associations suggest that higher educated mothers may
provide their children with a healthier diet. Indeed, ‘neutral’ tasting foods were
relatively low in mono- and disaccharide, fat, and sodium content compared
to the other taste clusters. In contrast, ‘sweet & fat’ tasting foods were relatively
high in mono- and disaccharide and fat content. Future studies are needed to
investigate potential associations between dietary taste patterns and diet quality,
for example by using a healthy diet score to assess the extent of adherence to
dietary guidelines.

Children of mothers of non-Dutch ethnicity consumed relatively more energy
from ‘neutral’ tasting foods and relatively less energy from ‘sweet & sour’
tasting foods at the age of one year. These differences seemed to be driven by
higher consumption of ‘neutral’ tasting breastmilk and formula milk and lower
consumption of ‘sweet & sour’ tasting beverages in non-Dutch children than in
Dutch children. In addition, non-Dutch children consumed relatively less energy
from ‘neutral’ tasting bread, fruit, and infant food meals but more from grains
such as rice. Previous research has found that infant feeding practices varied by
maternal ethnicity®. In this study, non-white mothers were less likely to stop
breastfeeding early or to introduce solids earlier than white mothers. In our
study population, breastfeeding duration was not significantly different between
Dutch and non-Dutch mothers. It is possible that the proportion of solid foods
versus breastmilk and/or formula milk varied by maternal ethnicity, resulting in
differencesindietarytaste patterns. However, these findings should be interpreted
with caution, because the FFQ was originally developed for the Dutch population
and may not include all food items that are specific for non-Dutch children.

Although the selection of foods for sensory profiling was predominantly based

on food consumption data of adults, these foods were also consumed by one
and two year olds in our study. Moreover, foods that are consumed by infants
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only, were also included in our taste database. However, the FFQs were originally
developed and validated for the assessment of nutrient intake in infants and not
for dietary taste patterns. For example, foods such as ‘sweet & sour’ tasting soft
drinks were combined with lemonades in one food item, which were classified in
the ‘sweet & fat’ tasting food group. Therefore, the calculation of weighted mean
taste intensity values may have resulted in less accurate taste values for such food
items. However, the majority of foods within one food item belonged to the same
taste food group. Importantly, dietary taste patterns in adults based on FFQ were
similar to that assessed by 24hR, and both methods had similar associations
with biomarkers of exposure, supporting the validity of FFQ for the assessment of
dietary taste patternsitV.

In conclusion, this study is the first to assess the role of taste in energy intake in
early childhood. We found that dietary taste patterns become more intense and
varied in taste during the first two years of life. In addition, dietary taste patterns
were associated with child BMI Z-scores and maternal educational level. Future
studies are needed to investigate potential associations between dietary taste
patterns in early childhood and body composition in later childhood. Moreover,
future studies could investigate potential associations between dietary taste
patterns and the extent of adherence to dietary guidelines, to further understand
theimplications of our findings. Studying dietary patterns from a taste perspective
-and notonly a nutritional perspective - provides us with a deeper understanding
of the role of taste in dietary intake in early-life.
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Abstract

Taste is a key driver of food choice and intake. Taste preferences are widely
studied, unlike the diet’s taste profile. This study assessed dietary taste patterns
in the Netherlands by sex, BMI, age and education. A taste database, containing
476 foods’ taste values, was combined with 2-day 24-hour recalls in two study
populations. The percentage of energy intake from 6 taste clusters was assessed
in the Dutch National Food Consumption Survey (DNFCS 2007-2010; n=1,351)
and an independent observational study: the Nutrition Questionnaires plus
(NQplus) study (2011-2013; n=944). Dietary taste patterns were similar across
study populations. Men consumed relatively more energy from ‘salt, umami &
fat’ (DNFCS; 24% energy, NQplus study; 23%) and ‘bitter’ (7%) tasting foods than
women (21%, p<0.001, 22%, p=0.005; 3%, p<0.001, 4%, p<0.001, respectively).
Women consumed more % energy from ‘sweet & fat’ (15%) and ‘sweet & sour’
(13%, 12%, respectively) tasting foods than men (12%, p<0.001, 13%, p=0.001;
10%, p<0.001). Obese individuals consumed more % energy from ‘salt, umami
& fat” and less from ‘sweet & fat’ tasting foods than normal-weight individuals
(‘salt, umami & fat, men; obese both studies 26%, normal-weight DNFCS 239%,
p=0.037, NQplus 22%, p=0.001, women; obese 23%, 24%, normal-weight 20%,
p=0.004, p=0.011, respectively, ‘sweet & fat, men; obese 11%, 10%, normal-
weight 13%, p<0.05, 14%, p<0.01, women; obese 14%, 15%, normal-weight 16%,
p=0.12, p=0.99). In conclusion, our taste database can be used to deepen our
understanding of the role of taste in dietary intake in the Netherlands by sex, BMI,
age and education.
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Introduction

The role of taste in dietary intake is of particular interest from a nutritional
perspective. That is, taste plays a key role in food choice and dietary patterns®.
Besides guiding food choice, taste may serve as an early signal of its nutrient
content®?, thereby affecting satiation” and subsequent food intake®". Studying
dietary patterns from a taste perspective - and not only a nutritional perspective
- provides us with a deeper understanding of the role of taste in dietary intake.

Research on the role of taste in dietary intake is still in its infancy. To study the role
of taste in dietary intake, it is essential to objectively quantify the taste intensity
values across foods consumed within a population. Food composition tables are
globally available, however only three studies compiled a taste database®*®. Van
Dongenetal.? quantifiedthebasictasteintensityvaluesof 50 frequently consumed
single Dutch foods and subsequently studied taste-nutrient relationships. More
recently, Martin et al.®) described the taste profile of 530 French foods within the
diet of their 12 trained panellists. Yet, these studies assessed taste values only for
selected foods that were not representative of the diet of the general population.
We are aware of only one study® that determined taste values of foods within the
entire diet of a national sample of the population. However, this Australian study
focused on taste-nutrient relationships in foods and did not assess the role of
taste in dietary intake.

The role of taste in dietary intake may differ among sex and weight status
subgroups of the population. Although no literature is available on dietary taste
patterns, this is available for studies on taste preferences. For example, several
studies have found that men liked salty and/or fatty foods more than women®-,
whereas women liked sweet foods more than men®1%415 However, it is less clear
whether taste preferences differ by weight status. Some studies have found a
positive association between liking for sweet®% or salty foods and BMI®, whereas
other studies have found lower liking ratings for sweet and salty foods in obese
than in lean individuals"® or no difference in liking across BMI categories™”.
However, dietary taste patterns by subgroups of the population has never been
assessed.
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The current study is the first that aimed to assess dietary taste patterns in the
Netherlands by sex, weight status, age and educational level. We combined a
taste database - containing sweet, sour, bitter, salt, umami and fat sensation
values of 476 foods - with the food intake data from the Dutch National Food
Consumption Survey (2007-2010) - a nationally representative sample of the
population®®. In addition, we combined the taste values with the food intake data
from an observational study that was independent of our food selection process:
the Nutrition Questionnaires plus (NQplus) study (2011-2013).

Methods

A trained sensory panel was set-up in Wageningen (the Netherlands) to assess a
large set of frequently consumed foods in terms of basic taste intensity (sweet,
sour, bitter, salt and umami) and fat sensation values (section 2.2). Training of
a panel increases the panel’s internal consensus, reproducibility of taste values
and discriminative power between taste modalities and foods™?. Foods within
the resulting taste database were grouped on taste using hierarchical cluster
analyses. This resulted in 6 groups that consisted of foods that were most similar
in taste intensity values. Subsequently, the taste database was combined with
food intake data from two observational studies to assess the % of energy intake
from each taste cluster across study populations (Figure 1).

Sensory study

l

Trained panel®

l

476 selected
foods based on
DNFCS(18)

6 Taste clusters

Figure 1 Diagram of the study design
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Dietary taste patterns by sex and BMI

Study populations

Dutch National Food Consumption Survey

We used the most recent Dutch National Food Consumption Survey (DNFCS
2007-2010)*®. The DNFCS is representative of the Dutch population regarding
age, sex, region, degree of urbanization and educational level. Diet was assessed
for in total 3,819 Dutch individuals aged 7-69 years. The trained dieticians used
the computer directed interview program for standardization of 2-day 24-hour
recalls, GloboDiet®. During the interviews, weight and height was reported (not
measured) to an accuracy of 0.1 kg and 0.5 cm. Based on the information on both
interview days, the average body weight and height were calculated. Body mass
index (BMI) was determined as the average body weight (in kg) divided by the
average height (in m) squared (kg/m?). Weight status subgroups were categorized
as follows: normal-weight (BMI 18.5-25.0), overweight (BMI 25.0-30.0) and
obese (BMI >30.0). Educational level was categorized into low (primary school,
lower vocational, low or intermediate general education), middle (intermediate
vocational education and higher general education) and high (higher vocational
education and university). Age was categorized into younger individuals (19-
30 y) and older individuals (31-50 y). In the present analyses, we included the
food intake data from men and women aged 19-50 years (DNFCS 2007-2010,
n=1,402). Individuals who were breastfeeding (n=4), seriously underweight (n=9),
underweight (n=36) or without information on weight status (n=1) were excluded
from the analyses. One participant was excluded because of missing food intake
data at one measurement day. In total, we included the food intake data from 687
men and 664 women (n,__=1,351) with a mean age of 3349y and BMI of 26+5 kg/
m?(Table 1).

total
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Table 1 Total energy intake and the contribution of macronutrients to energy intake (mean+SD) stratified
by sex, age, BMI and educational level in the Dutch National Food Consumption Survey*

Total energy, Total Total fat Total Total Alcohol
kjoule/day protein En% carbo- mono- En%
En% hydrates and
En% disacch-
arides
En%
C o o o c c
T o0 &8 o 8 a & o B o 2 o
= n = = ) = = n = n
Men (n=687) 11350% 3317 1487 38 3457 63 447% 73 201% 75 4.0% 56
Age (years)
19-30 (n=343) 11773 3578 14.4% 40 342 64 460% 7.1 213* 79 357 54
30-50 (n=344) 10928 2980 15.2° 34 348 63 435" 73 188" 69 44° 57
BMI (kg/m?)
18.5-25.0 (normal, 11689 3472 145 42 339 6.1 458 7.0 21.1° 78 38 55
n=363)
25-30 (overweight, 11046 3000 14.8° 32 350 6.7 44.0° 75 193° 68 42 56
n=244)
>30 (obese, n=80) 10736 3380 159° 32 356 6.0 425 69 17.7° 74 38 6.1
Education (highest completed)
Low (1-3,n=186) 11832% 3537 146 34 347 66 454 74 209 80 35 55
Medium (4-5, n=351) 11330% 3146 14.8 43 343 64 448 73 200 75 41 57
High (6-7, n=150) 10798 3357 150 29 348 59 438 7.1 192 67 42 54
Women (n=664) 8257% 2253 152" 35 3387 68 47.0% 7.7 223% 75 17¥ 40
Age (years)
19-30 (n=323) 8352 2370 14.8*' 35 334 69 483" 7.6 237% 76 13* 33
30-50 (n=341) 8168 2135 155" 35 342 67 458> 7.6 21.0° 7.2 22° 45
BMI (kg/m?)
18.5-25.0 (normal, 8360 2148 14.6° 33 334° 69 477 76 2322 73 19 41
n=351)
25-30 (overweight, 8251 2252 154°" 34 336%® 66 469 7.7 220" 80 18 40
n=173)
>30 (obese, n=140) 8008 2495 16.2% 3.9 352° 69 453" 7.9 205° 73 12 36
Education (highest completed)
Low (1-3,n=183) 8300 2263 150 35 349 68 465 80 222 82 15 41
Medium (4-5, n=336) 8248 2267 152 3.5 33.1° 70 475 7.8 227 74 19 40
High (6-7, n=145) 8225 2222 153 36 341® 63 465 7.1 217 69 17 38

' MANCOVA, multivariate ANCOVA was performed including all tastes and subgroups. If the overall effect was
significant (p<0.05), ANCOVA was used to compare subgroups within each taste group (p<0.05, Bonferroni
corrected). For age and sex, independent samples t-tests were used (p<0.05, Bonferroni corrected).

b Superscript letters indicate significant differences, same letters indicate no significant difference between
mean values.

* Indicates significant difference between men and women. 1 p<0.05, { p<0.01, ¥ p<0.001.
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Nutrition Questionnaires plus study

The Nutrition Questionnaires plus (NQplus) study was conducted between May
2011 and February 2013 in Wageningen and surroundings®2". In total, 2,048
men and women aged between 20-70 years old participated in this study. Half
of them (n=1,113) were randomly allocated to the so-called recall group. In this
group, each individual completed 1-6 telephone and 3 web-based recalls. For
comparison to the DNFCS we used only the first two recalls by telephone (n=968).
Height was measured with a stadiometer (SECA, Germany) to the nearest 0.1
centimetre and weight was measured using a digital scale (SECA, Germany) to the
nearest 0.1 kg; the average of the two measurements was included in the dataset.
Weight status subgroups were categorized as in the DNFCS. Educational level was
categorized into low (no education or primary or lower vocational education),
middle (lower secondary or intermediate vocational) and high (higher secondary
education, higher vocational education or university). Age was categorized into
younger individuals (19-30 y), middle-aged (31-50 y) and older individuals (>50y).
Individuals who were pregnant (n=3), underweight (n=8) or without information
on educational level (n=13) were excluded from the analyses. In total we included
the food intake data from 498 men and 446 women (n__=944) with a mean age
of 53+12 y and BMI of 26+4 kg/m? (Table 2). All individuals gave written informed
consent before participation in the study. The study was approved by the ethical
committee of Wageningen University (ABR number: NL34775.081.10) and was
conducted according to the declaration of Helsinki.
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Table 2 Total energy intake and the contribution of macronutrients to energy intake (mean+SD) stratified
by sex, age, BMI and educational level in the NQplus studyl

Total energy, Total protein  Totalfat Total carbo- Total mono-  Alcohol

kjoule/day En% En% hydrates anddisacch-  En%
En% arides En%
c o o C o o
5 3 o S n 3 o ) o 8 o
= %) = %) = n = n = n = %)
Men (n=498) 9493% 2188 159 29 337 58 4327 72 183% 58 47% 49
Age (years)
20-30 (n=19) 11537% 2380 152 2.8 332 61 457 74 190 64 35° 53
31-50 (n=127) 9978 2420 156 2.6 346 64 443 78 188 63 31° 38
51+ (n=352) 9208 1998 160 29 334 56 426 70 181 56 54 51
BMI (kg/m?)
18.5-25.0 (normal, 9817 2231 154*% 26 336 6.0 445% 69 192° 59 4.0° 43
n=185)
25-30 (overweight, 9362 2194 158% 29 334 57 43.0% 72 182® 57 52° 53
n=243)
>30 (obese, n=70) 9095 1955 17.3* 2.8 352 57 40.1° 7.1 165 59 50® 48
Education (highest completed)
Low (n=30) 9480 2433 154 23 346 53 428 59 176 52 49 47
Medium (n=134) 9397 2226 161 28 329 53 444 75 190 65 40 46
High (n=334) 9533 2155 158 29 339 60 427 72 181 56 50 51
Women (n=449) 7742% 1711 158 3.1 344 61 4427 7 207% 57 2.7 39
Age (years)
20-30 (n=48) 8032 1873 14.7¢ 27 327 55 485® 72 234 70 15" 24
31-50 (n=159) 7908 1885 15.8® 32 347 65 451° 69 209 55 17¥ 28
51+ (n=242) 7578 1540 16.1°" 3.0 346 59 429° 67 20% 54 35° 44
BMI (kg/m?)
18.5-25.0 (normal, 7945° 1647 15.00 2.8 345 65 452° 73 212* 59 23 33
n=245)

25-30 (overweight, 73698 1689 16.6% 29 344 57 431 66 203* 52 31 42
n=144)

>30 (obese, n=60) 7795% 1892 17.4% 33 343 54 429® 65 19.2°7 58 28 49
Education (highest completed)

Low (n=25) 7282% 1815 17.0* 31 324 51 454 73 196 54 22 31

Medium (n=147) 7348 1631 164* 32 347 66 439 72 209 64 22 34

High (n=277) 7995 1700 15.4° 29 345 58 443 69 207 53 29 41

'MANCOVA, multivariate ANCOVA was performed including all tastes and subgroups. If the overall effect was
significant (p<0.05), ANCOVA was used to compare subgroups within each taste group (p<0.05, Bonferroni
corrected). For sex independent samples t-tests were used (p<0.05, Bonferroni corrected).

2 Superscript letters indicate significant differences, same letters indicate no significant difference between
mean values.” Indicates significant difference between men and women. T p<0.05, 1 p<0.01, ¥ p<0.001. *Age
group 20-30 vs. 31-50 p<0.05, 31-50 vs. 51+; p<0.01, 20-30 vs. 51+ p<0.001.
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Misreporting of daily energy intake

To explore the effect of misreporting of energy intake (El) on dietary taste patterns
we performed sensitivity analyses. We identified potential low energy reporters
(LER) based on the ratio between energy intake (El) and basal metabolic rate
(BMR). Schofield equations were used to estimate BMR from body weight and
height, taking into account age and sex?®. We used a cut-off value of EI/BMR of
1.35 to identify potential low energy reporters at group level®. In addition, we
identified low and high energy reporters at an individual level by calculating 95%
confidence limits of energy intake/basal metabolic rate for the DNFCS (95% ClI:
0.91-2.63) and NQplus study (95% Cl: 0.98-2.46)%.

Taste database

Panellists

Dutch adults (18-55 y) with a self-reported normal BMI (18.5-25.0 kg/m?) were
recruited from Wageningen and surroundings (the Netherlands). We selected
panellists (n=15) based on their taste recognition, taste discrimination, the ability
to sustain attention, and sensory profiling abilities. The panel consisted of 3 men
and 12 women, with a mean age of 33+12 y and a BMI of 2342 kg/m?. All individuals
gave written informed consent and they received financial compensation for their
participation in the study. The study was approved by the ethical committee of
Wageningen University (ABR number: NL47315.081.13) and was conducted
according to the declaration of Helsinki. This study was registered at https://
clinicaltrials.gov/ as NCT03233503. The training procedure and selection of
panellists have been described in more detail elsewheret:b,

Training and panel performance

Panellists received intensive training to evaluate the intensity of sweet, salt, sour,
bitter, umami and fat sensation using modified Spectrum™ scales (0-100mm,
Table 3)&22. Panellists were trained for in total 63 hours over six months using
Spectrum™-based reference solutions for each basic taste, followed by simple
modified products and commercially available foods. Reference solutions were
positioned at fixed points at the scale and contained increasing concentrations
of sucrose for sweetness, sodium chloride (NaCl) for saltiness, monosodium
glutamate (MSG) for umami, citric acid for sourness and caffeine for bitterness.
In addition, we modified foods by adding increasing concentrations of taste
compounds. For example, NaCl and MSG were added to mashed potatoes and
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cooked rice for saltiness and umami; caffeine and citric acid were added to
agar for bitterness and sourness; sucrose was added to gelatine for sweetness;
and mascarpone was added to vanilla custard for fat sensation. Subsequently,
panellists weretrained to evaluate the taste intensity of pre-selected commercially
available foods using the taste solutions as references. At the end of training,
panellists reached consensus on the basic taste and fat sensation values for 25
commercially available foods that could serve as reference products in addition
to the reference solutions (Table 3).

Panellists were instructed to evaluate a set of 19 control products in terms of
six taste attributes to assess their performance. Panel performance measures
(discriminative power, agreement, and reproducibility) were regularly monitored
during training and profiling sessions. Oral feedback was given by the researcher
to improve the panels’ performance. Panellists were able to discriminate between
solutions and products, and nearly all taste values could be reproduced. Panellists
profiled each of the foods in triplicate.

Food selection and preparation for profiling

After training, we selected foods for profiling based on the Dutch National Food
Consumption Survey (2007-2010). Foods were selected based on pre-defined
criteria, i.e. consumption frequency, and contribution to the consumption of
energy and macronutrients. In addition, we selected foods that contributed most
to thevariationin energy intake. In total, we selected 476 foods that were reported
in the DNFCS and that contributed in total to 83% of energy intake in the DNFCS
and 66% of energy intake in the NQplus study for an average individual day of
consumption. We used expert knowledge from research dieticians to select one
of the most often consumed brands for profiling.

Foods were prepared using recipes from the product’s package or were prepared
according to normal household practice®. Cooked foods were prepared
unseasoned, so without any additions of condiments, salt or spices. Foods were
prepared one hour before sensory testing to control for the serving temperature.
After preparation, cooked foods were kept warm using a bain-marie container
(60-65 °C). Cold foods were served at room (20-25°C) or refrigerator temperature
(4-9 °C) where appropriate.
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Table 3 Reference solutions and products shown per taste and fat sensation

Sensation  Solution references

Food references

Concentration % scale Product name and brand % scale
Sweet Sucrose 20gL* (R1) 13.33'  Knappertjes (biscuits) Verkade® 20
Sucrose 50gL! (R2) 33.33'  Vanillavla (vVanilla custard) Friesland 33
Campina®
Sucrose 100gL* (R3) 66.67  Sponge cake Albert Heijn home brand® 50
Marshmallow Haribo® 67
Sweetened condensed milk Friesland 88
Campina®
Salt NaCl2.00gL* (R1) 16.671  Cracotte natural (crispbread) LU® 14
NaCl 3.50gL* (R2) 33.33"  Potato chips natural Pringles® 48
NaCl 5.00gL* (R3) 56.671  Old cheese 48+ Old Amsterdam® 74
Soy sauce Kikkoman® 94
Sour Citricacid 0.50gL* (R1)  13.33'  Rye bread Bolletje® 15
Citricacid 0.80gL* (R2)  33.33'  Buttermilk Albert Heijn Puur en Biologisch® 38
Citricacid 1.50gL* (R3)  66.67"  Biogarde (yogurt) Albert Heijn home brand® 50
Sour pickles Albert Heijn home brand® 78
Bottled lemon juice Albert Heijn home 97
brand®
Bitter Caffeine 0.50gL" (R1) 13.33!  Grapefruit juice Albert Heijn home brand® 57
Caffeine 0.80gL* (R2) 33.33"  Black chocolate 85% cocoa Lindt 70
Excellence®
Caffeine 1.50gL* (R3) 66.67"
Umami MSG 1.20gL* (R1) 13.33*  Non-fried natural seaweed Nori® 28
MSG 3.00gL* (R2) 33.33%  Crab sticks Vici® 43
MSG 7.00gL* (R3) 66.67> Parmesan Cheese Grana Padano® 69
Soy Sauce Kikkoman® 86
Fat Melba® toast 0
sensation Snackcups natural round (crackers) Haust® 9
Slagroomvla (cream custard) Friesland 55
Campina®
Cream cheese original Philadelphia® 72
White chocolate Verkade® 73
Unsalted butter Friesland Campina® 97

tInspired by Mufioz and Civille (1992)
’Inspired by Martin et al. (2014)

91

Chapter 5



Chapter5

Dietary taste patterns

Foods and food groups in the taste database were grouped into 6 taste clusters
using hierarchical cluster analyses. Subsequently, the taste database was
combined with food intake data. For reported foods that were not in the taste
database we estimated mean taste intensity values based on the corresponding
food groups. For each individual we calculated the % of energy intake from each
taste cluster, averaged over two 24-hour recall days.-

Classification of foods in taste clusters

Groups of products were formed within the taste database using hierarchical
cluster analyses on foods’ mean taste intensity values. The number of clusters
was decided using Ward’s method®. Six taste clusters were identified that
accounted for 73% of the variance (R?=0.73). We described the taste clusters as
‘neutral] ‘fat’, ‘sweet & sour’, ‘bitter’, ‘sweet & fat’ and ‘salt, umami & fat’ based on
their mean taste intensity values (Table 4). For each food in the taste database,
the ‘distance’ to the cluster centre is shown in Table D3, Appendix D. The distance
gives an indication of how similar a food product is relative to the other foods in
that cluster; the larger its value, the more dissimilar. To describe the type of foods
that are in each taste cluster we used the 23 NEVO food groups in the Dutch Food
Composition table®. A relatively large number of foods were classified in the
‘neutral’ tasting cluster that was low in all 6 taste modalities. NEVO food groups
in the ‘neutral’ taste cluster included 94% of all ‘bread’ products within the taste
database, 89% of all ‘vegetables’, 43% of all ‘potatoes’, 36% of all fish’ products,
28% of all ‘nuts, seeds and savoury snacks” and 15% of all ‘meat, meat products
and poultry. The ‘fat’ taste cluster included 80% of all ‘fat and oils’ and 31% of
all ‘cheese’ products. Food groups in the ‘sweet & sour’ taste cluster included
59% of all ‘(non-) alcoholic beverages’, 63% of all ‘fruits’, 33% of all ‘milk and milk
products’. The ‘sweet & fat’ taste cluster included 92% of all ‘sugar, sweets, sweet
spreads and sweet sauces’, 85% of all ‘pastry, cakes and biscuits’, and 57% of all
‘milk and milk products’ The ‘bitter’ taste cluster consisted of 28% of all ‘(non-
) alcoholic beverages’. Food groups in the ‘salt, umami & fat’ taste cluster were
83% of all ‘meat, meat products and poultry, 67% of all ‘nuts, seeds and savoury
snacks’, 63% of all ‘cheese’ products, 57% of all ‘potatoes’ and 100% of all ‘soups’.
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Estimating sensory profiles of untested foods

For reported foods in the food intake data that were not in the taste database we
estimated taste values based on the corresponding food groups. Currently, no
food classification system exists that groups foods based on taste. Therefore, we
used the Dutch NEVO food groups that were based on similarities in nutritional
values. For each NEVO food group we calculated average taste intensity values
based on the 476 profiled foods. For example, we calculated average taste
intensity values of profiled foods in the food group ‘bread’ and assigned these
taste values to all untested foods in this food group.

However, not all NEVO food groups were appropriate for estimating taste values.
Forexample, the NEVO food group ‘milk and milk products’ consists of foods such
as ‘neutral’ tasting milk, ‘sweet & sour’ tasting yoghurt and ‘sweet & fat’ tasting
desserts. Therefore, for this food group it is more accurate to estimate taste values
of untested foods using the smaller (sub-) subfood groups within the GloboDiet
food group classification: ‘milk, ‘milk beverages’, ‘yoghurt, ‘fromage blanc,
petits suisses’, ‘cream desserts, puddings’ and ‘dairy and non-dairy creams’. The
GloboDiet food group classification comprises 19 main groups and 86 subgroups,
and 15 of these subgroups are further detailed into 62 sub-subfood groups based
on similarities in nutritional values®. We used the GloboDiet (sub-) subfood
groups for 5 NEVO food groups that were too diverse in taste. Three NEVO food
groups (‘(non-)alcoholic beverages’, ‘milk & milk products’ and ‘fat, oils & savoury
sauces’) were fully replaced and 2 NEVO food groups (‘nuts, seeds & savoury
snacks’ and ‘meat & meat products’) were partially replaced by the GloboDiet
food groups (Figure D1, Tables D1 and D2, Appendix D).

The NEVO food groups ‘mixed dishes’ and ‘potatoes’ did not consist of GloboDiet
(sub-) subfood groups, and were too diverse in taste to calculate mean taste
intensity values. Therefore we matched untested foods within the food groups
‘mixed dishes’ and ‘potatoes’ with a tested food item that was similar in
macronutrient and sodium content. Similarly, 4 NEVO food groups were too
diverse in taste, not consumed in isolation, or were not frequently consumed
by the Dutch population: ‘miscellaneous’, ‘herbs and spices’, ‘soy products and
vegetarian foods” and ‘preparations’. These 4 food groups were not matched with
the average taste intensity values and were treated as missing values (only 1% of
total energy intake).
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This systematic approach resulted in mean taste intensity values for a
combination of 14 NEVO and 20 GloboDiet food groups. We combined the mean
taste intensity values of these 35 food groups with the 476 foods in the taste
database. Subsequently we repeated hierarchical cluster analyses on the taste
intensity values of foods and food groups combined. We obtained 6 taste clusters
that were similar to the taste clusters described in section 2.3.1. In total, foods
responsible for 99% of energy intake in both study populations were classified
into one of the 6 taste clusters.

Recoding of coffee and tea

In 24-hour recall data, foods are mainly reported as single foods, even when
consumed in combination with other foods. In the Netherlands, coffee and tea
are consumed on a daily basis and often in combination with sugar and/or milk,
therefore these added ingredients can contribute to dietary taste patterns. We
identified how coffee or tea was consumed using the following rules. If coffee as
well as sugar were reported in equal frequencies in an eating occasion, coffee was
consumed with sugar (and similarly for tea). Exceptions were if both coffee and tea
were reported in equal frequencies in an eating occasion. We assumed that coffee
milk was always consumed in combination with coffee. All tested coffee products
(with or without milk and/or sugar) were classified in the ‘bitter’ taste group in our
cluster analyses (Table D3, Appendix D). Therefore we assigned coffee milk and
sugar that was consumed in combination with coffee to the ‘bitter’ taste group.
Tea with and without sugar was classified in the ‘neutral’ taste group. Thus, sugar
that was consumed in combination with tea was assigned to the ‘neutral’ taste

group.

Statistical analyses

Data was analysed using SAS version 9.3. (SAS Institute, Inc., Cary, NC, USA).
MANCOVA was used to test differences in the percentage of energy intake from the
taste clusters by sex, age, weight status (BMI) and educational level, taking into
account all taste clusters simultaneously. ANCOVA was used to compare specific
subgroups within each taste cluster if the MANCOVA results were significant
(p<0.05). For age (DNFCS only) and sex, independent samples t-tests were used.
Models for sex were adjusted for age, BMI and education; models for age were
adjusted for BMI and education; models for BMI were adjusted for age and
education; models for education were adjusted for age and BMI. We performed
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sensitivity analyses by excluding the percentage of energy intake from foods not
profiled by our panellists, and by excluding potential low energy reporters at
group level and under- and overreporters at an individual level (see section 2.1.3.).
Repeated-measures ANOVA was used to compare differences in the percentage
of energy between eating occasions. P-values <0.05 were considered significant
(Bonferroni’s correction). The between- and within-person variation and intra-
class correlation coefficients were calculated for the percentage of total energy
intake from each of the taste clusters between the two recall days.

Results

Major contributions to daily energy intakes in the entire diet were from ‘neutral’
tasting foods (36% in the DNFCS & 39% in the NQplus study), ‘salt, umami & fat’
tasting foods (23% & 22%, respectively) and ‘sweet & fat’ tasting foods (both
studies 14%). The remaining daily energy intake was obtained from ‘fat’ tasting
foods (11% & 8%, respectively), ‘sweet & sour’ tasting foods (both studies 11%)
and ‘bitter’ tasting foods (both studies 5%). The intra-class correlation coefficient,
a measure of day-to-day variation of energy intake, ranged from 0.12 for ‘fat’
tasting foods to 0.44 for ‘bitter’ tasting foods in the DNFCS. This was similar in the
NQplus study, the intra-class correlation coefficient ranged from 0.14 for ‘neutral’
tasting foods to 0.48 for ‘bitter’ tasting foods.

Dietary taste patterns stratified by eating occasions

During main meals, individuals consumed significantly more % energy from foods
tasting ‘neutral’ (40-49%) or ‘fat’ (9-14%) than during snacking occasions (11-
20%, 1-2%, respectively; Figure 2, DNFCS). This was in line with the NQplus study
(Figure D2, Appendix D) - ‘neutral’ and ‘fat’ tasting foods contributed relatively
more energy to main meals (40-53%, 8-10%) than to snacking occasions (16-
24%, 1-2%, p<0.001). During snacking occasions however, individuals consumed
significantly more % energy from foods tasting ‘bitter’ (17-32%) and ‘sweet & fat’
(25-27%) than during main meals (1-5%, 15%, p<0.001) in the DNFCS. Similarly,
individuals in the NQplus study consumed significantly more % energy from
foods tasting ‘bitter’ (18-30%) and ‘sweet & fat’ (28-30%) than during main meals
(1-3%, 6-13%, p<0.001).
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Day-to-day variation in dietary taste patterns were lowest during breakfast in
both the DNFCS as well as the NQplus study, as indicated by higher intra-class
correlation coefficients (ICC). During breakfast the ICC ranged from 0.38 for ‘fat’
tasting foods to 0.51 for ‘bitter’ tasting foods, whereas this was 0.03 for ‘fat’ tasting
foods to 0.34 for ‘bitter’ tasting foods during the other eating occasions in the
DNFCS. Similarly, in the NQplus study the ICC ranged from 0.36 for ‘neutral’ tasting
foods to 0.51 for ‘sweet & sour’ tasting foods during breakfast, whereas this was
0.0 for ‘salt, umami & fat’ tasting foods to 0.34 for ‘bitter’ tasting foods during the
other eating occasions.
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Figure 2 Mean (and SD) percentage of energy from each taste group for main meals' and snacking
occasions? separately, shown for the Dutch National Food Consumption Survey (N, =1351)

'Breakfast ((33), n=1282; lunch (E3), n=1304; dinner(mm), n=1348. “During the morning ((=3), n=1190; during
the afternoon (Em), n=1301; during the evening (Em), n=1320.
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Dietary taste patterns stratified by individual characteristics
Contributions to daily energy intake from each of the 6 taste clusters were
assessed for different sociodemographic and weight status subgroups of the
population. Dietary taste patterns were assessed for the entire diet (Tables 5-6)
as well as for tested foods only for each subgroup of the population (Tables D4
and D5, Appendix D). In both study populations we found similar differences in
dietary taste patterns by sex, weight status and age. We did not find any significant
differences in dietary taste patterns by educational level.

Sex

Dietary taste patterns differed between men and women (Figure 3), both in
the DNFCS (Table 5) as well as in the NQplus study (Table 6). Men consumed a
significantly larger percentage of energy from foods tasting ‘salt, umami & fat’
(DNFCS, 24% & NQplus, 23%) and ‘bitter’ (7%) than women (DNFCS; 21%, p<0.001
& NQplus; 22%, p=0.005 and 3%, p<0.001 & 4%, p<0.001, respectively Tables 5-6).
Women consumed a significantly larger percentage of energy from ‘sweet & fat’
(both studies 15%) and ‘sweet & sour’ tasting foods (13% & 12%, respectively) than
men (12%, p<0.001 & 13%, p=0.001, respectively and both studies 10%, p<0.001).

Weight status

Obese women (BMI >30.0) consumed a significantly larger percentage of energy
from foods tasting ‘salt, umami & fat’ (DNFCS; 23% & NQplus; 24%) and, although
not significant, less from ‘sweet & fat’ (14%, 15%) than normal-weight women
(BMI 18.5-25.0; ‘salt, umami & fat’ 20% in both studies, DNFCS; p=0.004, NQplus;
p=0.011, ‘sweet & fat’, 16% in both studies, p=0.12, p=0.99, respectively, Figure 3).
Similarly, obese men consumed a significantly larger percentage of energy from
foods tasting ‘salt, umami & fat’ (26% in both studies) and less from ‘sweet & fat’
(11%, 10%) than normal-weight men (‘salt, umami & fat’, DNFCS; 23%, p=0.037 &
NQplus; 22%, p=0.001, ‘sweet & fat, 13%, p<0.05, 14%, p<0.01, respectively).
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Table 5 Percentage of total energy intake (mean+SD) from each taste cluster based on cluster analyses
stratified by sex, age, BMI and educational level, and averaged over 2 days of 24h recalls in the Dutch
National Food Consumption Survey*

Percentage of energy from taste clusters

Fat Sweet/  Neutral Sweet/ Bitter Salt/
sour fat umami/fat
c c c c c c
S o & 0 3 o 8 o & o & o
= un = u = %) = n = n = n
Men (n=687) 117 6 10% 7 35% 10 12%¥ 9 7Y 9 24% 10
Age (years)
19-30 (n=343) 11 6 11* 8 34 11 12 9 710 257 10
30-50 (n=344) 1 6 9 6 35 10 13* 8 8° 8 23 9
BMI (kg/m?)
18.5-25.0 (normal, n=363) 11 6 10 7 35 10 13 9 8 9 23 10
25-30 (overweight, n=244) 11 6 10 7 34 10 12 8 8 8 25°7 10
>30 (obese, n=80) 1 6 10 7 37 11 11° 8 6 8 26" 10
Education (highest completed)
Low (1-3,n=186) 11 7 10 8 34 11 12 9 7 8 25 12
Medium (4-5, n=351) 1 6 10 7 34 10 13 9 8 10 24 9
High (6-7, n=150) 11 5 11 6 37 10 12 8 6 T 23 10
Women (n=664) 10" 6 13¥ 8 37¥ 11 15 10 3% 5 217" 10
Age (years)
19-30 (n=323) 10 6 14% 9 37 12 15 10 3* 5 21 10
30-50 (n=341) 100 6 11° 8 38 11 15 10 4° 6 21 9
BMI (kg/m?)
18.5-25.0 (normal, n=351) 10 6 13 8 37 12 16 10 4 5 20" 2510
25-30 (overweight, n=173) 10 5 13" 9 37 11 15 9 3 5 22 10
>30 (obese, n=140) 10 6 11° 8 39 12 14 10 3 6 23° 10
Education (highest completed)
Low (1-3,n=183) 10 6 12 9 36 12 15 10 4 5 22 10
Medium (4-5, n=336) 10 6 13 8 38 11 15 10 3 5 21 10
High (6-7, n=145) 10 6 12 8 39 11 16 10 3 5 20 9

MANCOVA, multivariate ANCOVA was performed including all tastes and subgroups. If the overall effect was
significant (p<0.05), ANCOVA was used to compare subgroups within each taste group (p<0.05, Bonferroni
corrected). For age and sex, independent samples t-tests were used (p<0.05, Bonferroni corrected). Models
for sex were adjusted for age, BMI and education; models for age were adjusted for BMI and education;
models for BMI were adjusted for age and education; models for education were adjusted for age and
BMI. *® Superscript letters indicate significant differences, same letters indicate no significant difference
between mean values. " Indicates significant difference between men and women. T p<0.05, 1 p<0.01, ¥
p<0.001.
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Table 6 Percentage of total energy intake (mean+SD) from each taste group based on cluster analyses
stratified by sex, age, BMI and educational level , and averaged over 2 days of 24h recalls in the NQplus
study?

Percentage of energy from taste clusters
Fat Sweet/  Neutral  Sweet/ Bitter Salt/

sour fat umami/
fat
C
£33 58 .82 08 48428 4
= %) = %) = %) = %) = %)
Men (n=498) 8 4 10 6 39 9 13* 8 T7¥ 6 23* 9
Age (years)
20-30 (n=19) 8 6 11 6 37 7 11 7 6 8 26 11
31-50 (n=127) 8 5 10 6 39 9 13 8 6 5 25 9
51+ (n=352) 8 4 10 6 39 10 13 8§ & 7 23 9
BMI (kg/m?)
18.5-25.0 (normal, n=185) 8 4 10 6 40 9 14 8 7 6 222 9
25-30 (overweight, n=243) 8 5 10 6 38 10 13" 8 8 724 10
>30 (obese, n=70) 9 5 10 6 38 10 10° 6 7 6 26° 8
Education (highest completed)
Low (n=30) 7 4 7 5 38 9 14 7 8 7 25 9
Medium (n=134) 8§ 4 11 6 39 9 13 8 6 6 24 9
High (n=334) 8 4 10 6 39 10 13 8 7 6 23 9
Women (n=446) 8§ 5 12 7 39 10 15" 9 4% 4 22" 10
Age (years)
20-30 (n=46) 6 5 12 6 41 10 17 11 2* 3 22 10
31-50 (n=158) 8 5 11 7 40 10 16 10 3* 4 21 10
51+ (n=242) 9 5 13 6 39 10 14> 8 4 4 21 9
BMI (kg/m?)
18.5-25.0 (normal, n=244) 9 5 12 6 40 10 16 9 3 4 200 10
25-30 (overweight, n=142) 4 13 7 38 10 15 9 4 4 23 9
>30 (obese, n=60) 8§ 4 11 7 38 9 15 8 3 4 24 10
Education (highest completed)
Low (n=25) 8 5 11 6 43 10 14 9 3 4 21 10
Medium (n=147) § 5 13 7 39 11 16 9 3 3 22 10
High (n=274) 8 5 12 6 39 9 15 9 4 4 21 9

MANCOVA, multivariate ANCOVA was performed including all tastes and subgroups. If the overall effect was
significant (p<0.05), ANCOVA was used to compare subgroups within each taste group (p<0.05, Bonferroni
corrected). For sex independent samples t-tests were used (p<0.05, Bonferroni corrected). Models for sex
were adjusted for age, BMI and education; models for age were adjusted for BMI and education; models
for BMI were adjusted for age and education; models for education were adjusted for age and BMI.
*Superscript letters indicate significant differences, same letters indicate no significant difference between
mean values. " Indicates significant difference between men and women. T p<0.05, § p<0.01, ¥ p<0.001.
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Men Women

60;

DNFCS
Energy %

Now
o

60

NQplus
Energy %
N 88 g

Figure 3 Percentage of total energy intaket (mean+SD) from each taste cluster based on cluster analyses
stratified by sex and BMI, and averaged over 2 days of 24h recalls in the Dutch National Food Consumption
Survey* and in the NQplus study?

"MANCOVA, multivariate ANCOVA was performed including all tastes and subgroups. If the overall effect was
significant (p<0.05), ANCOVA was used to compare subgroups within each taste group (p<0.05, Bonferroni
corrected). Models for sex were adjusted for age, BMI and education; models for BMI were adjusted for age
and education” Indicates significant difference between weight status subgroups.

! Normal-weight men ([J); n=363, overweight men (E); n=244, obese men (E3); n=80. Normal-weight
women ([E33); n=351, overweight women (EE3); n=173, obese women (E=R); n=140.

2 Normal-weight men ([J); n=185, overweight men (E5); n=243, obese men (E2); n=70. Normal-weight
women ([E3); n=244, overweight women (EE3); n=142, obese women (EER); n=60.

Age

In both study populations, we found that younger or middle-aged individuals
consumed a significantly smaller percentage of energy from ‘bitter’ tasting foods
than olderindividuals. In the DNCFS, younger men and women (aged 19-30 years)
consumed a significantly smaller percentage of energy from ‘bitter’ (7% & 3%,
respectively) tasting foods than middle-aged men and women (aged 31-50 years;
8%, p=0.034 & 4%, p=0.006, respectively). Similarly in the NQplus study, middle-
aged men and women (aged 31-50 years) consumed a significantly smaller
percentage of energy from ‘bitter’ (6% & 3%, respectively) tasting foods than older
men and women (aged 51 and older; 8%, p=0.001 & 4%, p=0.004 respectively). In
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addition, we found that younger men and women (aged 19-30 years) consumed
a significantly larger percentage of energy from ‘sweet & sour’ tasting foods (11%
& 14%, respectively) than middle-aged men and women (aged 31-50 years; 9% &
119%, respectively, both p<0.001) in the DNFCS, but not in the NQplus study.

Education
No significant differences in dietary taste patterns were found between groups of
low, medium or high educational level (all p-values >0.05).

Misreporting of daily energy intake

We excluded potential low energy reporters at group level (LER, n=661, 49% in
the DNFCS and n=520, 53% in the NQplus study) from our analyses to explore the
effect of under-reporting on dietary taste patterns. Accurate (AR) and high energy
reporting (HER) overweight and obese men (25% of the energy in the DNFCS &
24% in the NQplus study) and women (24% & 23%, respectively) consumed more
% energy from ‘salt, umami & fat’ tasting foods than AR and HER normal-weight
men (23% & 22%) and women (both 20%) (Tables D6 and D7, Appendix D). These
findings were significant for AR and HER men (p=0.018) and women (p<0.001) in
the DNFCS, and for women (p=0.034) but not for men (p=0.126) in the NQplus
study. In addition, we excluded potential low energy reporters (DNFCS, n=154,
11% & NQplus, n=121, 13%) and potential high energy reporters (DNFCS, n=10,
1% & NQplus, n=1, 0.1%) at an individual level from our analyses (Tables D8 and
D9, Appendix D). Similarly, normal-reporting obese men (26% in the DNFCS,
p=0.03 & 27% in the NQplus study, p<0.001) consumed more % energy from ‘salt,
umami & fat’ tasting foods than normal-reporting normal-weight men (23% &
21%, respectively). Obese women (23%, p=0.0588 & 24%, p=0.0777, respectively)
also consumed more % energy from ‘salt, umami &fat’ tasting foods than normal-
reporting normal-weight women (both 20%), though this was not significant.

Discussion

This study is thefirst that aimed to assess dietary taste patterns in the Netherlands
by sex, weight status, age and educational level. This is the first study to observe
that dietary taste patterns differ by sex and weight status. We found similar
results concerning dietary taste patterns in two different study populations. Men
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consumed a significantly larger percentage of energy from foods tasting ‘bitter’
and ‘salt, umami & fat’ and a smaller percentage of energy from foods tasting
‘sweet & fat” and ‘sweet & sour’ than women. Obese men and women consumed
a significantly larger percentage of energy from foods tasting ‘salt, umami & fat’
and less, although only significant in men, from foods tasting ‘sweet & fat’ than
normal-weight men and women.

A key strength of our study is that we used a large database with taste values of
foods - obtained by a trained panel-in combination with food intake data from two
study populations. Trained panels are commonly used as an objective measure
to quantify sensory properties of foods®9. Training increases the panel’s internal
consensus, reproducibility and discriminative power®2Y. Importantly, foods
for profiling were selected using objective criteria - i.e. consumption frequency
and contribution to energy and macronutrient intake in the DNFCS. However, it
remained of interest whether dietary taste patterns could be reproduced in an
observational studythatwasindependent of ourfood selection process. Therefore
we assessed dietary taste patterns in the DNFCS (2007-2010) as well as in an
independent observational study that used a similar dietary assessment method-
i.e. the NQplus study (2011-2013). In addition, we performed sensitivity analyses
by excluding energy intake from foods that were not profiled by our panellists.
The NQplus study population was somewhat older but also higher educated than
the DNFCS study population. Despite these study population differences, similar
results were found concerning dietary taste patterns in the entire diet and in the
selected profiled foods for both study populations. This suggests that our findings
are valid for the diet of the general population of healthy Dutch adults.

Across eating occasions, we found dietary taste patterns in line with reported
macronutrient intake in the DNFCS (2007-2010)". For individual foods,
studies have found positive associations between sweetness and mono- and
disaccharides, umami and protein, and fat sensation and fat content®**", In the
current study, individuals consumed relatively more energy from foods tasting
‘salt, umami and fat’ during lunch and dinner than during breakfast, in line with
reported protein (24 % and 45%) and fat (22% and 42%) intake during lunch and
dinner compared to breakfast (14% and 13%, respectively)'®. In addition, energy
intake from ‘sweet & sour’ and ‘sweet & fat’ tasting foods was relatively higher
during snacking occasions compared to main meals, in line with reported mono-
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and disaccharides intake during snacking occasions (on average 48% of the total
intake of mono- and disaccharides versus 30% energy from snacks"®). Thus, taste
can be related to macronutrients both at the level of individual foods as well as
dietary intake.

Since the 1970s it is debated whether overweight and/or obese individuals have a
preference for sweet or savoury tasting foods, and this issue is still discussed. Some
studies have found a positive association between liking for sweet®!% or savoury
foods and BMI®. In contrast, other studies have reported lower liking ratings
for sweet and savoury foods in obese versus lean individuals"® or no difference
in liking across BMI categories™. An explanation for this lack of consensus on
obese people’s taste preferences might be that liking of food is dependent on the
consumption context, for example where and with whom people are eating®.
Therefore, laboratory measures of liking may not accurately predict dietary intake;
taste preferences are not the same as dietary taste patterns. However, it may be
assumed that a higher preference of certain foods is reflected in a higher intake
of these foods, depending also on other factors such as costs and health®. To our
knowledge, the current study provides the first indications for a higher percentage
of energy intake from ‘salt, umami and fat’ and potentially less from ‘sweet & fat’
tasting foods in obese individuals compared to normal-weight individuals. These
findings suggest that obese individuals may partly substitute consumed amounts
of ‘sweet & fat’ tasting foods for ‘salt, umami &fat’ tasting foods. Another possibility
could be that obese individuals consume more energy dense ‘salt, umami & fat’
and less energy dense ‘sweet & fat’ tasting foods than normal-weight individuals.
Our findings are based on dietary intake in a large representative sample of 1,351
adults and an additional sample of 944 adults in the Netherlands. In contrast to
our expectations, total energy intake was not significantly different between obese
and normal-weight individuals. However, our conclusions seemed unaffected by
underreporting of energy intake. Nevertheless, underreporting may still be an issue
as we did not take the level of physical activity into account. In particular high-fat
sweet foods may be sensitive to under-reporting, and under-reporting of energy
intake increases with BMI®?, Future studies on dietary taste patterns are needed to
confirm our findings in other Western and non-Western study populations to fully
resolve this issue globally.
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In both study populations, we found similar differences in dietary taste patterns
between men and women. Women consumed a significantly larger percentage of
energy from foods tasting ‘sweet & fat’ and ‘sweet & sour’ than did men, in line with
mono- and disaccharides intake in both studies (DNFCS; 22% total energy (TE) in
women, 20% TE in men, NQplus study; 21% TE in women, 18% TE in men). Men
consumed a significantly larger percentage of energy from foods tasting ‘bitter’,
in line with a relatively higher energy intake from alcohol in men (DNFCS; 4% TE,
NQplus study; 5% TE) than in women in both studies (2% TE, 3% TE, respectively).
In addition, we found a significantly higher energy intake from ‘salt, umami and
fat’ tasting foods in men than in women. In contrast, the percentage of energy
from protein (DNFCS; both 15% TE, NQplus study; both 16% TE) and fat (DNFCS;
both 34% TE, NQplus study; both 34% TE) did not differ between men and women
in the DNFCS. However, our findings are in line with studies showing that men
liked salt and/or fatty foods more than women®. Similarly, evidence exists for
a higher liking for sweetness in women than in men®%1) although one study
found no sex differences in sweet food liking™¥. To our knowledge, only one study
reported significantly higher frequency of consumption of salty-and-fatty foods in
men than in women, but no sex differences in the frequency of consumption of
sweet-and-fatty foods"™. An explanation for our consistent differences in dietary
taste patterns by sex might be that we studied the role of taste in dietary intake,
including the consumption context®.

Dietary taste patterns varied between the two recall days - intra-class correlation
coefficients ranged from 0.12 to 0.44 in the DNFCS and from 0.14 to 0.48 in the
NQplus study. This is due to the chosen dietary assessment method as such; 24-
hour recalls are prone to natural day-to-day variation in intake. Therefore it is not
possible to accurately estimate dietary taste patterns at the individual level in the
current study. However, the within-person variation tends to cancel out at group
levelifthe group is large enough and the recalls are repeated within individuals*.
In the current study, we compared dietary taste patterns only at group level and
not at an individual level, which is appropriate given our large sample size (n=
1,351 and n=944) and use of 2-day 24-hour recalls.

In conclusion, our findings demonstrate that our taste database can be used to

study the role of taste in dietary intake in the Netherlands by sex, weight status,
age and educational level. In addition, dietary taste patterns can be reproduced
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using our taste database in an independent study population. We have found that
men consumed relatively more energy from foods tasting ‘bitter’ and ‘salt, umami
& fat’ and less energy from foods tasting ‘sweet & fat’ and ‘sweet & sour’ than
women. Moreover, our findings suggest that in particular the % of energy intake
from ‘salt, umami and fat’ may be higher and from ‘sweet & fat’ may be lower in
obese individuals than in normal-weight individuals. Future follow-up studies are
needed to clarify a potential causal relationship between dietary taste patterns
andweight gain, in adults but also in other study populations such as children and
in both Western and non-Western study populations. Future prospective studies
could also investigate whether dietary taste patterns can explain differences
between subgroups at risk of chronic diseases such as cardiovascular disease and
type 2 diabetes. Studying dietary patterns from a taste perspective - and not only
a nutritional perspective - can provide us with a deeper understanding of the role
of taste in dietary intake.
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Abstract

Worldwide there is an enormous societal pressure to lower dietary salt, sugar
and fat. Diets lower in these nutrients may be lower in taste intensity and this
could be a key contributing factor for poor adherence to dietary guidelines and
a consumer’s demand for alternative diets. This study aimed to compare dietary
taste patterns of healthy and popular diets and diet quality with the current
Dutch diet of women. A taste database, containing 476 foods’ taste values, was
combined with different dietary scenarios, the Dutch Healthy Diet-15 (DHD-15)
index and the Dutch National Food Consumption Survey (DNFCS 2007-2010).
The percentage of energy from six taste clusters was assessed using 2-day 24-
hour recalls in the DNFCS (n=664 women; 34+9 y, BMI 2646 kg/m?) and 10 daily
menu’s for three diets: a diet based on Dutch food-based dietary guidelines, a
Mediterranean diet and a Paleo diet. The energy from ‘neutral’ tasting foods was
relatively high in a diet based on Dutch dietary guidelines (64% energy) and a
Mediterranean diet (53%), but not a Paleo diet (38%), compared with the current
diet (38%). The DHD-15 index was associated with relatively more energy from
‘neutral’ (r 0.27, p<0.001) tasting foods and less energy from ‘salt, umami & fat’ (r
-0.30, p<0.001) and ‘bitter’ (-0.24, p<0.001) tasting foods. In conclusion, healthy
diets, but not a popular diet, may be lower in taste intensity compared with the
current Dutch diet in women and this may be a key contributing factor for poor
adherence to dietary guidelines.
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Introduction

Worldwide, there is an enormous societal pressure to lower dietary salt, sugar
and fat intake to prevent chronic diseases”. Some countries report dietary
reductions of these nutrients, yet these reductions have been minimal and do not
reach dietary recommendations®?®. Numerous studies have investigated barriers
for adherence to dietary guidelines®®. One of these barriers is that consumers
intuitively believe the unhealthier the food, the tastier it is"?. In support of this
intuition, it is well known that sugar, salt and fat provide taste and palatability
to food™%. For example, highly palatable products such as chocolate and
French fries are high in sugar & fat and salt & fat, respectively, and thus high in fat
sensation and sweetness or saltiness. Therefore, diets lower in sugar, salt, and fat
content may be lower in taste intensity and this could be a key contributing factor
for poor adherence to dietary guidelines?,

If dietary guidelines are indeed relatively bland in taste, this could also explain
why consumers are seeking alternative diets that may better satisfy their sensory
needs. Nowadays, many popular diets exist such as the Atkins diet and the Paleo
diet®, The popularity of alternative diets might be in part attributable to their
higher taste intensity values.

To study the taste profile of diets it is essential to objectively quantify the taste
intensity values of foods. Food composition tables are globally available, however
only three studies compiled a taste database***%%. To our knowledge, only one
of these databases!™ were used to investigate associations between adherence
to dietary guidelines and taste intensity of the diet"”. Therefore, this study aimed
to compare dietary taste patterns of dietary scenarios and diet quality with the
current Dutch diet of women. We hypothesized that healthy dietary scenarios,
but not a popular dietary scenario, would consist of relatively more energy and
consumed amount from ‘neutral’ tasting foods compared with the current Dutch
diet. Similarly, we expected associations between the energy and consumed
amount from ‘neutral’ tasting foods and the extent of adherence to dietary
guidelines.
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Methods

A taste database was used to assign taste intensity values to food in healthy
and popular dietary scenarios and the current Dutch diet. Subsequently, we
evaluated dietary scenarios against the current diet by comparing the percentage
of consumed energy and amount (gram) from six taste groups. Additionally, we
studied associations between the extent of adherence to dietary guidelines and
dietary taste patterns.

Food consumption data

Current diet

We used the most recent Dutch National Food Consumption Survey (DNFCS
2007-2010), The DNFCS is representative of the Dutch population regarding
age, sex, region, degree of urbanization and educational level. Diet was assessed
for in total 3,819 Dutch individuals aged 7-69 years. Trained dieticians used the
computer directed interview program for standardization of 2-day 24-hour
recalls, GloboDiet™. In the present analyses, we included the food intake data
from women aged 19-50 years (DNFCS 2007-2010, n=698). We selected women,
because energy intake in women was more similar to energy intake in the
dietary scenarios. Individuals who were breastfeeding, seriously underweight,
underweight or without information on weight status were excluded from the
analyses (n=33). One participant was excluded because of missing food intake
data at one measurement day. In total, we included the food intake data from 664
women with a mean age of 3449 y (range 19-50 y) and BMI of 26+6 kg/m?(range
18.5-56.7 kg/m?).

Dietary scenarios

For the present study, we used the average of 10 diet plans of a consumption day
for each of the three dietary scenarios described below: a diet based on Dutch
food-based dietary guidelines, a Mediterranean diet and a Paleo diet. Each dietary
scenario included food to be consumed during the main meals and the snacking
occasions (Figure 1).
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DNFCS (reference) Dutch food-based dietary guidelines

Figure 1 Visual representation of 1 consumption day in the Dutch National Food Consumption Survey (top
left; DNFCS, 2007-2010; n=664 women, mean age 3449 years, mean BMI 26+6 kg/m?2); Dutch food-based
dietary guidelines (top right); a Mediterranean diet (bottom left); a Paleo diet (bottom right)

Dutch food-based dietary guidelines

Toimprove adherencetothe Dutchfood-based dietary guidelines, the Netherlands
Nutrition Centre developed a healthy diet based on these guidelines in the form of
a ‘Wheel of Five'™. The ‘Wheel of Five’ is specifically tailored for the Netherlands
and corresponds to the current Dutch diet as close as possible (Table 1). The
Wheel of Five includes plenty of fruit and vegetables, sufficient amounts of whole
meal bread and grain products, limited amounts of meat, fish and pulses on a
weekly basis, daily consumption of unsalted nuts, milk and milk products, use of
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oil and liquid fats, water, tea and filtered coffee. The Wheel of Five contains the
recommended consumption in grams per day for men and women of all ages. For
the present study, the Netherlands Nutrition Centre designed diet plans based on
the ‘Wheel of Five’ for women aged 19-50 years.

Mediterranean diet

The Mediterranean diet is based on dietary patterns in Greece and southern Italy
in the early 1960s?. The Mediterranean diet is characterized by abundant plant
foods, olive oil as a source of fat, dairy products, eggs, low to moderate amounts
of fish and poultry, low amounts of red meat and low to moderate amounts of
wine®?!, For a Mediterranean diet we used scenarios that were based on legumes,
vegetables, fruit, (fatty) fish, chicken, meat, eggs, unsweetened dairy products,
whole-grain cereals and fats rich in unsaturated fatty acids'??. We used the first
ten diet plans from four weeks of seven diets plans that were available, to keep
the results comparable to the other dietary scenarios®?.

Paleo diet

An example of a popular diet is the Paleo diet, which is based on a reconstructed
diet from the Paleolithic era. A Paleo diet has similarities to low-carbohydrate
diets, in that processed starches and sugars are often avoided®. Many Paleo diets
are high in protein and low in carbohydrates. Foods from a Paleo diet include
lean meat, fish, eggs, fruit, vegetables, and nuts and limited or no dairy®*?. For
a Paleo diet we used scenarios that were based on fatty fish, meat, eggs, dairy in
limited amounts, vegetables, fruit, nuts and seeds and fats rich in unsaturated
fatty acids®. Grains were not included in the Paleo diet, except for unprocessed
(spelt) grains.

Taste database

Panellists

Dutch adults (18-55 y) with a self-reported normal BMI (18.5-25.0 kg/m?) were
recruited from Wageningen and surroundings (Taste, Fat and Texture study)?”.
We selected panellists based on their taste recognition, taste discrimination, the
ability to sustain attention and sensory profiling abilities. Panellists were trained
to evaluate the intensity of sweet, salt, sour, bitter, umami and fat sensation using
a modified Spectrum™ method and received this intensive training for in total 63
hours over six months.
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Table 1 Average energy, macronutrient, dietary fibre and sodium intake of 10 diet plans for each of the
three dietary scenarios: the current diet (DNFCS), a diet according to Dutch food-based dietary guidelines,
a Mediterranean diet and a Paleo diet, expressed in % energy and % amount (gram)

DNFCS! Dutch dietary Mediterranean Paleo
(reference) guidelinest
% energy % energy % energy % energy

(% amount) (% amount) (% amount) (% amount)
Energy in kcal (kjoule) 1972 (8251) 2033 (8506) 1712 (7163) 1875 (7845)
Total fat 34 (19) 30(12) 45 (24) 46 (25)
Protein 15 (18) 20 (17) 25 (30) 19 (24)
Carbohydrates 47 (57) 46 (43) 27 (33) 30 (37)
Mono- and disaccharides 22 (27) 18(17) 15 (18) 23(29)
Dietary fibre 2(5) 4(8) 4(9) 3(8)
Alcohol 2(1) 0 0(0) 15(1)
Sodium in mg 2413 1699 2107 2243

*Amount in % of total consumed amount in gram, excluding water. TDNFCS; Dutch National Food
Consumption Survey 2007-2010; n=664 women aged 19-50 years. {Dutch food-based dietary guidelines for
women aged 19-50 years.

Food selection and preparation

Foods for profiling (n=467) were selected based on the most recent Dutch
National Food Consumption Survey (DNFCS 2007-2010)". For the selection
of foods, we used dietary intake data of 1402 adults between 19-50 years old
(704 men, 698 women). Foods were selected based on several criteria, i.e. high
consumption frequency, and largest contribution to the consumption of energy
and macronutrients. In addition, we selected foods that contributed most to the
variationin energy intake. The selected foods contributed in total to 83% of energy
intake in the DNFCS. We used expert knowledge from research dieticians to select
one of the most often consumed brands. Foods were prepared using recipes
from the product’s package or were prepared according to normal household
practice®. Cooked foods were prepared unseasoned, so without any additions of
condiments, salt or spices. Foods were prepared one hour before sensory testing
to control for the serving temperature. After preparation, cooked foods were kept
warm using a bain-marie container (60-65 °C). Cold foods were served at room
(20-25°C) or refrigerator temperature (4-9 °C) where appropriate.

Classification of foods in taste groups

Groups of foods were formed within the taste database using hierarchical cluster
analyses on foods” and food groups’ mean taste intensity values. The number of

117

Chapter 6



Chapter6

clusters was decided using Ward’s method®?, Six taste groups were identified that
accounted for 73% of the total variance in taste (R*=0.73). The taste groups were
labelled as ‘neutral’, ‘fat’, ‘sweet & sour’, ‘bitter’, ‘sweet & fat’ and ‘salt, umami &fat’
based on their mean taste intensity values.

Dietary taste patterns

Foods reported in the current diet (24hR) and dietary scenarios were coded
according to the Dutch food composition table” and were matched with foods
in the taste database. For estimating taste values to untested foods, we used
NEVO food groups in the Dutch food composition table® in combination with
the GloboDiet classification system® as described previously®Y. For example, we
calculated average taste intensity values of profiled foods in the NEVO food group
‘bread’ and assigned these values and the corresponding cluster to all untested
foods in this food group. Subsequently, we assessed dietary taste patterns: the
percentage of daily energy intake and consumed amount (gram) contributed by
eachofthesixtastefood groups. Forthe current diet, we calculated the percentage
of energy intake and consumed amount from each taste cluster, averaged over
two 24-hour recall days for each individual. For the three dietary scenarios we
calculated the average percentage of energy intake and consumed amount from
each taste cluster of 10 scenarios.

Dutch Healthy Diet index

For the current diet, we calculated a score for the extent of adherence to the
Dutch food-based dietary guidelines of 2015 for each individual consumption
day using the Dutch Healthy Diet 2015 index (DHD15-index)®?. The DHD-15 index
consists of fifteen components representing the fifteen Dutch food-based dietary
guidelines of 201563, A score for each component ranges from 0 to 10, resulting
in a total score between 0 (no adherence) and 150 (complete adherence). The
fifteen components include recommendations for vegetables, fruit, wholegrain
products, legumes, nuts, dairy, fish, red meat, processed meat, sweetened
beverages and fruit juices, alcohol, tea, coffee, fats and oils, and salt. More details
on the development and evaluation of the DHD-15 are described elsewhere®®,

Statistical analyses

Data was analysed using SAS version 9.3. (SAS Institute, Inc., Cary, NC, USA). We
assessed the percentage of consumed energy and amount (gram) from each taste
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group for the three dietary scenarios and the current diet. In the current diet, the
percentage of consumed energy and amountfrom each taste group was correlated
with the DHD-15 index using Spearman correlation coefficients. P-values <0.05
were considered significant. The 95% CI of the correlation coefficients were
calculated by Fisher’s Z-transformation.

Results

Dietary taste patterns

Percentage of consumed energy

Dutch food-based dietary guidelines (64% of energy) and a Mediterranean diet
(53%), but not a Paleo diet (38%), were relatively high in energy from ‘neutral’
tasting foods compared with the current diet (38%, Figure 2, Table E1, Appendix
A). All three dietary scenarios were relatively low in energy from ‘sweet & fat’
tasting foods (Dutch food-based dietary guidelines; 3%, Mediterranean; 3%,
Paleo; 8%, vs. current diet; 15%). In addition, Dutch food-based dietary guidelines
were relatively low in energy from ‘salt, umami &fat’ tasting foods (7%) compared
with the current diet (21%). Excluding beverages from the analyses, resulted in a
relative high % of energy from ‘sweet & sour’ tasting foods in all dietary scenarios
(Dutch food-based dietary guidelines; 11%, Mediterranean; 15%, Paleo; 13%)
compared to the current diet (5%).

Percentage of consumed amount

Findings for the percentage of % consumed amount were similar. Dutch food-
based dietary guidelines (64% of energy) and a Mediterranean diet (57%) were
relatively highin energy from ‘neutral’ tasting foods compared with the current diet
(53%). A Paleo diet (50%) was more similar to the current diet (53%) concerning
the consumed amount from ‘neutral’ tasting foods. In addition, a Mediterranean
diet (17%) and a Paleo diet (13%) were relatively high in % consumed amount,
but not % energy, from ‘salt, umami & fat’ tasting foods compared to the current
diet (79%). The consumed amount from ‘bitter’ tasting foods was relatively low in a
Mediterranean diet (3%) and a Paleo diet (6%) compared to the current diet (12%).
In addition, the % of consumed amount from ‘bitter’ tasting foods was relatively
high in the Dutch food-based dietary guidelines (4%) and Mediterranean diet (4%)
compared with the current diet (0%), but only when beverages were excluded.
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Foods and beverages
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Figure 2 Dietary intake from six taste groups, expressed in % energy (left) and % amount (gram, right),
including (top) and excluding (bottom) beverages*.

*Neutral (), ‘sweet & sour’ (), ‘sweet & fat’ (), fat’ (C_1), ‘salt, umami & fat’ (C7), ‘bitter’ (1)

tasting foods.

Associations between dietary taste patterns and adherence to dietary
guidelines

TheextentofadherencetoDutchfood-baseddietary guidelines, assessed usingthe
DHD-15index, wason average 48.4+14.2 forwomen in the DNFCS (0; no adherence,
150; complete adherence). The extent of adherence to Dutch food-based dietary
guidelines was positively associated with % consumed energy and amount
from ‘neutral’ (r 0.27, r 0.43, respectively, both p<0.001, Table 2) and negatively
associated with % consumed energy and amount from ‘salt, umami & fat’ (r-0.30,
r-0.33, respectively, both p<0.001) and ‘bitter’ (r -0.24, r -0.25, respectively, both
p<0.001) tasting foods. In addition, the extent of adherence to Dutch food-based
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dietary guidelines was positively associated with % consumed energy, but not %
consumed amount, from ‘sweet & fat’ (r0.12, p<0.01, r 0.02, p>0.05) tasting foods.
The extent of adherence to Dutch food-based dietary guidelines was negatively
associated with % consumed amount, but not % consumed energy, from ‘sweet
&sour’ (r-0.17, p<0.001, r 0.02, p>0.05, respectively) tasting foods.

Table 2 Spearman correlation coefficients between the extent of adherence to Dutch food-based dietary
guidelines (DHD-15 index) and % consumed energy and amount from six taste groups in the Dutch National
Food Consumption Survey (2007-2010; n=664 women, 3419y, BMI 26+6 kg/m?)

% Energy % Amount (gram)

Taste groups r Cl r Cl

Neutral 027 (0.20,0.34) 043 (0.36,0.49)
Sweet/sour 0.02! (-0.06, 0.09) -0.17 (-0.25,-0.10)
Sweet/fat 0.12 (0.05, 0.20) 0.02 (-0.06, 0.09)
Fat -0.06 (-0.14,-0.01) -0.16' (-0.23,-0.08)
Salt/umami/fat -0.30° (-0.37,-0.23) -0.33 (-0.39,-0.26)
Bitter -0.24' (-0.31,-0.17) -0.25' (-0.32,-0.18)

"p<0.01," p<0.001

Discussion

This study aimed to compare dietary taste patterns of dietary scenarios and diet
quality with the current Dutch diet of women. As hypothesized, ‘neutral’ tasting
foods contributed relatively more to the consumed energy and amount in a diet
according to the Dutch food-based dietary guidelines and a Mediterranean diet
compared with the current diet. A Paleo diet was more similar to the current
diet concerning the consumed energy and amount from ‘neutral’ tasting foods.
Moreover, adherence to Dutch food-based dietary guidelines was associated with
relatively more energy and amount from ‘neutral’ tasting foods and less from
‘salt, umami & fat’ and ‘bitter’ tasting foods. These findings suggest that a lower
taste intensity of healthy diets, but not a popular diet, may be a key contributing
factor for poor adherence to dietary guidelines.

Numerous studies have investigated barriers for adherence to dietary
guidelines®®. One of these barriers is that consumers intuitively believe the
unhealthier the food, the tastier it is'%. In line with this intuition, previous studies
have found associations between sweet taste intensity, salt taste intensity and
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fat sensation values of individual foods and its mono- and disaccharide, sodium,
and fat content, respectively™ %, Moreover, it is clear that the unhealthy taste
intuition is also confirmed by our current findings of less intense tasting dietary
guidelines compared with current dietary taste patterns. Our findings may also
explain why consumers are seeking alternative diets that may better satisfy their
sensory needs. For example, a Paleo diet only includes limited amounts of grains
and dairy, which are ‘neutral’ in taste and relatively large amounts of ‘salt, umami
& fat’ tasting meat and fish. Here we showed that the popularity of alternative
diets, such as a Paleo diet, might be in part attributable to their higher taste
intensity values.

To date, it is unknown whether consumers can get used to less taste in their diet.
Previous research on saltiness suggest that gradual reductions of saltiness in
foods such as bread, crackers and soup is feasible without altering the perceived
intensity, pleasantness and intake®=". However, adherence to recommendations
forsodiumintakeis low and it remains unknown whether consumers can get used
to reductions in whole diet saltiness®. In addition, it is unclear what the effects
are of sweet taste exposure on later preference, food choice and intake®®. Sweet
taste is innately pleasant, unlike salt taste for which infants develop a preference
in the first year of life. In a long-term study by Wise et al.*, subjects were put
on either a reduced simple sugar diet or their regular diet. In the intervention
group compared to the control group, they found effects on perceived taste
intensity, but not on perceived pleasantness of vanilla puddings and raspberry
beverages that varied in sucrose concentration. Similarly, other studies provide
limited evidence for an effect of a reduced sweet taste exposure on the perceived
sweetness and intake of other sweet foods*=*. There is a need for studies on
whole diet sweetness and saltiness, rather than the effects of sweet and salty
taste exposure on intake of a selection of sweet and salty foods.

Understanding poor adherence to dietary guidelines is important because of its
higher prevalence among overweight or obese individuals““®. Previously, we
found that obese men and women consumed relatively more energy from ‘salt,
umami & fat’ tasting foods and relatively less from ‘sweet & fat’ tasting foods than
normal-weight men and woment. Similarly, we found associations between
BMI z-scores in early childhood and the contribution to energy intake from ‘salt,
umami & fat’ tasting foods in a large population-based cohort“?. In the current
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study, a relatively higher consumed energy and amount from ‘salt, umami & fat’
tasting foods was associated with lower adherence to dietary guidelines. In line
with these findings, Cox et al.*” found a tendency for higher energy-adjusted salt
taste exposure with lower adherence to dietary guidelines. In addition, they found
that higher sweet taste exposure was associated with higher adherence to dietary
guidelines®”. Similarly, we found that the consumed energy and amount from
‘sweet & sour’ tasting foods, but not from ‘sweet & fat’ tasting foods, was relatively
higher in Dutch food-based dietary guidelines compared with the current diet,
but only when we excluded beverages from our analyses. In line with a recent
report, our findings suggest that sweetness per se may not be an issue for diet
quality and that ‘salt, umami &fat’ tasting foods are potentially of greater concern
for diet quality and the current obesity epidemic®®,

In the current study we selected healthy dietary scenarios based on Dutch food-
based dietary guidelines and a Mediterranean diet. However, for examples of
healthy dietary scenarios we could also have studied the Dietary Approaches to
Stop Hypertension (DASH) diet. Similar to our healthy dietary scenarios, the DASH
diet includes plenty of fruits, vegetables, and low-fat dairy products, while being
lower in fat, sweets, sugar-containing beverages and red meat". Therefore, we
expect that the DASH diet would also be relatively low in taste intensity compared
with the current Dutch diet. It should be mentioned that our current Dutch diet
was based on the same population from which we selected our foods for sensory
profiling. However, in a previous study we showed that dietary taste patterns
were similarin the current Dutch diet compared with a study population that was
independent of our food selection processtY. Moreover, our dietary scenarios
were examples of a Mediterranean and a Paleo diet and that results may differ
somewhat depending on definitions of these diets. For example, diet plans that
were available for a Mediterranean diet did not include red wine, while this is
often included in definitions of the Mediterranean diet ®°. Including red wine in a
Mediterranean diet would increase the consumed energy and amount from bitter
tasting foods. Nevertheless, the majority of the consumed energy and amount in
healthy dietary scenarios remain low in taste intensity.

One of the strategies that may be used to make healthy diets more appealing

could betheenhancementofflavour. In contrast to taste intensity, flavour intensity
has been found to increase with increased adherence to dietary guidelines*”.
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Flavour enhancement by using for example herbs and spices is indeed one of the
strategies used by the Netherlands Nutrition Centre for the development of diet
plans based on Dutch food-based dietary guidelines®?. However, healthy flavour
enhancement may not be that easy and convenient for the consumer.

Another promising but challenging strategy is the reduction of sugar, salt and fat
content in foods, while maintaining taste and palatability. From recent studies it
is clear that foods can vary substantially in salt, sugar and fat content at similar
levels of sweet and salt taste intensity, and fat sensation values®>**. These findings
suggest that it is possible to develop foods that are healthier while maintaining
taste. Food technology clearly has a role to play in the development of taste
enhancement techniques. For example, taste enhancement can be achieved
by the addition of aromas, inhomogeneous spatial distribution of tastants and
textural modifications to enhance the release of tastants from the food matrix
during oral processing®®V. However, successful application of these techniques
requires substantial research and development for each product individually.

In conclusion, healthy diets, but not a popular diet, may be lower in taste intensity
compared with current Dutch dietary taste patterns in women and this may be
a key contributing factor for poor adherence to dietary guidelines. Randomized
controlled trials are needed to investigate whether an exposure period to lower or
higher whole diet sweetness and saltiness affects dietary taste patterns. Given the
current dietary guidelines to reduce dietary salt, sugar and saturated fat intake,
further research on the feasibility of these guidelines, from a taste perspective, is
clearly needed.
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Discussion

The overall aim of this thesis was to assess the role of taste in energy intake in
young children and adults, and to investigate how taste relates to nutrients and
the extent of adherence to dietary recommendations. To this aim, five research
questions were defined:

1. How is taste intensity related to nutrient content in single foods,
and is this relationship modified by food form (Chapter 2)?

2. To what extent can different dietary assessment methods assess
dietary taste patterns (Chapter 3)?

3. How do dietary taste patterns develop during early childhood
(Chapter 4)?

4. Do dietary taste patterns differ by individual characteristics in
adults (Chapter 5)?

5. Howistasterelatedtotheextentof adherenceto dietary guidelines
and how do healthy and popular dietary scenarios differ from the
current diet concerning dietary taste patterns (Chapter 6)?

This final chapter will start with an overview of the main findings, followed by a
discussion of the methodologicalissues. The main findings will be interpreted and
discussed, and implications and suggestions for future research will be proposed.

Main findings

Table 1 provides an overview of the main findings of this thesis. In Chapter 2 we
studied the relationship between taste intensity, energy and nutrient content
in individual foods. We found that sweet taste intensity was associated with
mono- and disaccharides, but not with energy content. Salt taste intensity was
associated with sodium, protein, fat and energy content. Food form, i.e. liquids,
semi-solids and solids, did not modify relationships between taste intensity,
energy and nutrient content.
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In Chapters 3-6 we combined our taste database with dietary intake data to
investigate dietary taste patterns. First, we investigated to what extent different
dietary assessment method can be used to assess dietary taste patterns (Chapter
3). We evaluated dietary taste patterns based on FFQ against 3-d 24hR and
biomarkers of exposure in an adult study population. We found that the FFQ’s
reliability for ranking adults’ dietary taste pattern was acceptable to good
compared to 24hR. Moreover, similar associations for FFQ and 24hR were found
between dietary taste patterns and biomarkers for sodium and protein intake,
that is urinary Na and N. These findings suggest that food intake data assessed
with FFQ as well as 24hR can be used to investigate dietary taste patterns.

In Chapter 4 we investigated the development of dietary taste patterns during
early childhood in a large population-based cohort. In children aged one year the
majority of energy intake was obtained from ‘neutral’ (64%) tasting foods, which
was substantially higher thanin children aged two years (42%). Energy intake from
‘sweet & fat’, ‘fat” and ‘salt, umami & fat’ tasting foods was higher in two year olds
than in one year olds. Higher child BMI z-scores were associated with relatively
more energy from ‘salt, umami & fat’ tasting foods. Furthermore, higher maternal
educational level was associated with relatively more energy from ‘neutral’ tasting
foods and less from ‘sweet & fat’, “ fat’ and * salt, umami & fat’ tasting foods.

Subsequently, dietary taste patterns were investigated in adults in two
independent study populations (Chapter 5). In both study populations we found
that men consumed relatively more energy from ‘salt, umami & fat’ and ‘bitter’
tasting foods, whereas women consumed relatively more energy from ‘sweet &
fat’ and ‘sweet & sour’ tasting foods. In addition, we found that obese individuals
(BMI>30.0 kg/m?) consumed relatively more energy from ‘salt, umami &fat’ tasting
foods and relatively less from ‘sweet & fat’ tasting foods than lean individuals.

In our last study, we compared dietary taste patterns of healthy and popular
dietary scenarios with Dutch dietary taste patterns in women from the DNFCS
2007-2010 (Chapter 6). In addition, we investigated associations between the
extent of adherence to dietary guidelines, as a measure of diet quality, and
dietary taste patterns in these women. We found that a diet according to the
Dutch food-based dietary guidelines and a Mediterranean diet was relatively high
in neutral tasting foods compared with the current diet. The Paleo diet that we
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calculated was more similar in the consumed energy and amount from ‘neutral’
tasting foods compared to the current diet. The individual extent of adherence to
Dutch dietary guidelines — as measured with the Dutch Healthy Diet Index - was
associated with arelatively high intake - in energy as well amount - from ‘neutral’

tasting foods and lower intake of energy and amount from ‘salt, umami & fat” and

‘bitter tasting foods. These findings suggest that healthy diets, but not a popular
diet, may be lower in taste intensity compared with current Dutch dietary taste

patterns in women.

Table 1 Overview of the main findings of this thesis*

Chapter Aim Method(s) Main findings

2 The relationship Taste and nutrient Sweetness 1 with mono- and
between taste, energy database for processed  disaccharides (r=0.70), but not energy
and nutrients and the foods content. Saltiness 1 with sodium
modifying effect of food (r=0.72), protein (r=0.39), fat (r=0.37)
form (liquids, semi- and energy content (r=0.43). No
solids, solids). modifying effect of food form on these

associations.

3 Dietary taste patterns Taste database, FFQ, 3-d  The FFQ’s reliability against 24hR
based on FFQ against 24hR and biomarkers was acceptable to good for ranking
24hR and biomarkers of ~ from the NQplusstudy  of adults’ dietary taste patterns.
exposure in adults. Associations between dietary taste

patterns and urinary Na and N were
similar for FFQ and 24hR (Na; FFQ,
r=0.24, 24hR, r=0.23, p<0.001, N; FFQ,
r=0.08, n.s., 24hR, r=0.05, n.s.).

4 Dietary taste patterns Taste database and Dietary taste patterns were more
in children aged one FFQ data from the intense in taste in two year olds than in
and two years and Generation R study one year olds. Child BMl at 1 year 1 %
associations with energy ‘salt, umami & fat’ tasting foods
parental feeding (r=0.23). The intensity of dietary taste
behaviour, maternal and patterns | with maternal educational
child characteristics. level.

5 Dietary taste patternsin ~ Taste databaseand2-d ~ Men 1 % energy ‘salt, umami & fat’
adults by sex, age, BMI 24hR data from DNFCS ~ and ‘bitter’ tasting foods, women 1
and education. and NQplus study % energy ‘sweet & fat” and ‘sweet &

sour’ tasting foods. Obese individuals
1 % energy ‘salt, umami & fat’ and |
‘sweet & fat’ tasting foods than lean
individuals.

6 Comparing dietary taste  Taste database, 2-d 24hR  Diets according to dietary guidelines

patterns of healthy

and popular dietary
scenarios with current
Dutch dietary taste
patterns in adult women

from the DNFCS, 10 daily
menu’s for each dietary
scenario: the Dutch
dietary guidelines, a
Mediterranean diet and
a Paleo diet

and a Mediterranean diet, but not
a Paleo diet, | in taste intensity

compared with current Dutch dietary

taste patterns in women.

* FFQ; food frequency questionnaire, 24hR; 24h recalls, DNFCS; Dutch National Food Consumption Survey

2007-2010, NQplus study; Nutrition Questionnaires plus study
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Methodological considerations

Assessment of dietary taste patterns

Estimating taste values of untested foods

For the assessment of dietary taste patterns, a taste database is needed that
includes taste values of all foods that are consumed by the general population.
Although we selected the most frequently consumed foods in the Netherlands
(n=476), it was impractical to include all foods (n=1,446) that were reported
in the Dutch National Food Consumption Survey (2007-2010). Selected foods
contributed in total to 83% of energy intakelV. We estimated taste values for the
remainder of foods that were reported but not profiled on taste. Estimations of
taste intensity values were based on the corresponding food groups. Currently, no
food classification system exists that groups foods based on taste. Therefore, we
used the Dutch NEVO food groups that were based on similarities in nutritional
values?. For each food group we calculated mean taste intensity values based
on the tested foods in that food group. Mean taste intensity values of these food
groups were used to estimate taste intensity values of untested foods.

However, not all NEVO food groups were appropriate for estimating taste values.
Forexample, the NEVO food group ‘milk and milk products’ consists of foods such
as ‘neutral’ tasting milk, ‘sweet & sour’ tasting yoghurt and ‘sweet & fat’ tasting
desserts. Therefore, for this food group we estimated taste values of untested
foods using the smaller (sub-) subfood groups within the GloboDiet food group
classification: ‘milk’, ‘milk beverages’ ‘yoghurt, ‘fromage blanc, petits suisses’,
‘cream desserts, puddings’ and ‘dairy and non-dairy creams’®. Thus, we used
a combination of NEVO and GloboDiet food groups to increase the accuracy of
estimated tastevalues. However, it may have been more accurate to estimate taste
values based on individual tested foods that were most similar in macronutrient
and sodium content. Nevertheless, dietary taste patterns by sex and weight status
based on tested foods were similar to dietary taste patterns based on the entire
diet. Therefore, for the studies described in this thesis, it was sufficient to estimate
taste values based on food groups.

Clustering of foods in taste groups

Unlike with nutrients, it is not possible to calculate with taste values. For example,
three bites of an apple do not result in three times the perceived taste intensity
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values of one bite of an apple. Therefore, we grouped foods based on taste to
investigate the contribution to energy intake and consumed amount of food from
food taste groups. Food taste groups included foods that were most similar in
taste intensity values within groups. Foods were classified in groups based on
taste using hierarchical cluster analyses®. However, cluster analysis has some
drawbacks. First, cluster analyses can be sensitive to outliers®. For example,
foods such as marmite, that are high in salt and umami taste intensity, may
appear as single members in a cluster. Therefore, we excluded marmite from
our data analyses. However, excluding marmite did not affect our dietary taste
patterns, because marmite is not an important contributor to energy intake in the
Netherlands.

Second, the number and type of food items in food frequency questionnaires can
alsoinfluence groupingoffoods by clusteranalyses. Food frequency questionnaires
are developed based on the nutrient(s) of interest®. For example, FFQ developed
for studying cardiovascular disease may include more items on the use of fats and
oils, including also the use of dressings!”. Such dressings can be high in sour taste
intensity and fat sensation and may appear in a separate ‘sour and fat’ tasting
cluster. Performing cluster analyses on such a FFQ can thus result in different taste
clusters compared with a more general FFQ that inquires about the consumption
of fats and oils on a more aggregated level. However, the different FFQ used for
the studies in this thesis were more general and were thus more suitable for the
comparison of dietary taste patterns across study populations.

Third, some foods fit better than other foods considering the label of the taste
clusters. This is however inherent to cluster analyses; the clustering algorithm
searches for foods that are more similar in taste than foods in other clusters. To
indicate the ‘fit’ of foods within clusters, the ‘distance’ to the cluster centres can be
determined. Large numbers for the ‘distance’ means that foods fit less well within
the particular cluster, but still fit better than in any of the other taste clusters®.
For example, banana, pear, fruit biscuit, and baked beans in tomato sauce fit
best in a ‘neutral’ tasting cluster as compared to other taste clusters. However,
the distance to the cluster centre varies for these foods; for ‘banana’ it is 24.2, for
‘beans bakes tomato sauce’ 22.9, while for ‘Baguette white’ itis 9.3 and for ‘beans
French boiled’ it is 8.0. Thus ‘Baguette white” and ‘beans French boiled’ fit bitter
within the ‘neutral’ tasting cluster than the other foods mentioned. Nevertheless,
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all foods fit best in the taste cluster to which they are assigned, as compared with
the other taste clusters. Taken together, clustering foods on taste intensity values
is an appropriate method to study dietary taste patterns.

Contribution of taste groups to energy intake

In this thesis, we predominantly investigated the role of taste in energy intake
(Chapters 3-5), astherole of taste in energy intake may be of particularimportance
from a nutritional perspective. In our first study, we found associations between
sweet taste intensity and mono- and disaccharides, and between salt taste
intensity and sodium, protein, fat and energy content in individual foods,
respectively (Chapter 2). Thus, the basic tastes and fat sensation are associated
with macronutrients and thus indirectly with energy content.

To our knowledge, we are the first to investigate dietary taste patterns, based
on energy intake in the entire diet. Previous studies on the entire diet have
investigated taste exposure, based on the frequency of consumption, instead
of energy intake®*. For example, Cox et al.”’ defined taste exposure by the
reported intake in serves multiplied by taste intensity values. This fundamental
difference in methodology between our studies, i.e. dietary taste patterns based
on frequency of consumption vs. energy intake, challenges comparison of our
dietary taste patterns. For example, higher intakes of vegetables, despite being
low in bitterness, resulted in higher bitterness scores in their study®. In our study
however, vegetables are classified as ‘neutral’ tasting foods as they are low in
taste intensity compared to other foods in our diet. Moreover, vegetables do not
contribute much energy and were thus not well represented in our dietary taste
patterns based on energy intake. It can be argued what the most appropriate
method is for studying dietary taste patterns, and this may differ depending on
the research question. Studying the role of taste in energy intake is highly relevant
in the context of obesity (Chapters 4-5) and the development of dietary taste
patterns in early childhood (Chapter 4), because energy content is an important
reinforcer of food intake". However, for studies on healthy diets it is important to
also include the consumed amount, to take into account the contribution of low-
energy foods, such as vegetables, to dietary taste patterns.

In contrast to Cox et al.”, we did notinclude flavour intensity in our taste database.
We made this decision because basic tastes and fat sensation are associated
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with macronutrients and thus indirectly with energy content. Because flavour
is not associated with macronutrient and thus energy content, we believe that
flavour may be less relevant from a nutritional perspective. Nevertheless, we do
acknowledge that flavour, as well as odour and texture, are important factors in
enhancing the appeal of healthy diets®.

Individual foods

In our taste database, we predominantly included individual foods oringredients,
and not how these foods are consumed in combination. We included individual
foods in our taste database, because Dutch food consumption surveys report
foods on an individual basis and do not report how foods were consumed in
combination. However, people eat meals which contain a variety of foods with
complex combinations of ingredients, tastes and textures. It is well known that
tastes may interact, and may be competing in mixtures of tastes>'%. One way
to overcome this discrepancy between food consumption data and actual
consumption of foods, is the development of an in-home profiling method™®®. This
method entails that trained panellists are asked to assess the taste intensity values
of foods that they typically consume at home. However, a pitfall of this method
is that in-home profiling is less well controlled and that it can be questioned
whether foods consumed by trained panellists are representative for the general
population. More ideal would be if food consumption surveys report how foods
are consumed in combination, in order to include these combinations of foods
in a taste database. This would also raise the opportunity to include important
taste enhancers and seasonings in a taste database, such as gravy consumed
in combination with cooked potatoes. Studying the whole diet, including taste
enhancers, seasonings and combinations of foods, may increase the intensity of
dietary taste patterns described in this thesis.

Dietary assessment methods

In this thesis, we investigated dietary taste patterns using existing food frequency
questionnaires (FFQ; Chapters 3, 4) and 24h recalls (24hR; Chapters 3, 5, 6). FFQ
data contains less detailed information on food preparation and less data on
single foods as 24hR data do®. Previous studies have evaluated FFQ to 24hR16-18),
but this was done for the assessment of food, energy and nutrient intake and not
for dietary taste patterns. Because of correlated errors between FFQ and 24hR
it is generally preferred to also validate these methods against biomarkers of
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exposure®. FFQ and 24hR both rely on memory, are prone to socially desirable
answers and use the same food composition table®. Therefore, we not only
studied the reliability of FFQ against 3-d 24hR, but also against urinary biomarkers
for sodium (Na) and protein (N) intake in Chapter 3 of this thesis.

Weinvestigated the reliability of FFQ in the NQplus study population, which included
mostly highly educated and committed participants, who might have been more
accurate in reporting dietary intake and collecting urine samples than the general
population. Therefore, the observed level of agreement between the FFQ and 24hR
concerning dietary taste patterns, and correlations with the recovery biomarkers
might have been higherthan onewould expectin otherstudy populations. However,
our results were of similar magnitude as in previous studies in adults'”. Therefore,
these findings suggests that both FFQ and 24hR can be used in combination with
our taste database, to investigate dietary taste patterns.

Misreporting of energy intake

One of the largest challenges in dietary assessment studies is to provide reliable
and accurate estimates of dietary intake. In dietary assessment, misreporting of
energy intake is a well-known phenomenon®. In particular high-fat sweet foods
may be sensitive to under-reporting, and more importantly under-reporting
of energy intake increases with BMI'9. However, we found similar dietary taste
patterns by weight status when we performed our analyses with and without
potential misreporters of energy intake. Thus, in this thesis, dietary taste patterns
were not affected by excluding misreporters of energy intake (Chapter 5).

Study populations

It can be questioned whether the dietary taste patterns in this thesis can be
extrapolated to other study populations. For example, our findings of relatively
more energy from ‘salt, umami and fat’ tasting foods and less from ‘sweet and
fat’ tasting foods in obese individuals compared with normal-weight individuals
are supported by findings from other Western study populations®?*?? but not
by findings in non-Western study populations®. This could be explained by
differences in dietary taste patterns across cultures. For example in Malaysia,
the majority of energy intake is obtained from ‘salt, umami & fat’ tasting foods,
while in the Netherlands this is only one quarter of energy intake®. Therefore, our
findings only apply to Western study populations.
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Moreover, in this thesis we studied dietary taste patterns in early childhood and in
adults, but not in older children, adolescents and elderly. In Chapter 4 we found
that dietary taste patterns of children aged 2 years were already quite similar to
that of adults (Chapter 5). At this age however, children have little food choice
autonomy®. Previous studies have found that the optimal preferred sweetness
levels are higher in children than in adolescents, and higher in adolescents than
in adults®?®), Therefore, it may be expected that sweetness may play a larger role
in dietary taste patterns during later childhood than in early childhood, and that
whole diet sweetness may again decline during adolescence®?. In elderly, based
on a decline in taste and smell after the age of 55 years, more intense dietary
taste patterns may be expected®’. Taken together, our dietary taste patterns
can not be generalized to older children, adolescents and elderly. However, we
studied dietary taste patterns in adults using food intake data from the Dutch
National Food Consumption Survey, a nationally representative sample of the
population”. Therefore, our dietary taste patterns in adults are representative for
the general adult population in the Netherlands.

Discussion and interpretation of the main findings

Dietary taste patterns throughout the life course

In this thesis, we studied dietary taste patterns during early childhood (Chapter 4)
andin adults (Chapter 3,5, 6). In one year old children, we found that the majority
of energy intake was obtained from ‘neutral’ tasting foods, whereas this was
substantially lower in two year old children. Dietary taste patterns of two year
old children were more intense and varied in taste and more similar to that of
adults, than that of one year old children. This could potentially have important
consequences for the development of taste preferences and food choices later in
life.

At this moment, it is unclear whether exposure to sweet tasting foods in early-
life affects later taste preferences and food choice. Sweet taste is innately
rewarding, as indicated by a universal preference for this taste in newborns'?,
It is an important question whether this strong innate preference for sweetness
can be modified by sweet taste exposure. In a longer-term study, infants with a
lower compared with a higher exposure to sweet foods, showed no differences
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in preferences or intakes of sweet foods after an exposure period of 3 months®),
In shorter-term studies, children exposed to a sweet food for 1-3 weeks showed
increased® but also decreased®*? preferences for the same sweet food and not
for other sweet foods. Thus, it remains unclear whether higher exposure to whole
diet sweetness during childhood results in an enhanced preference for sweetness
later in life®®. Given the current recommendations to lower dietary sugar intake,
it is important to know whether high exposure to sweetness in childhood could
make it challenging to adhere to these recommendations later in life. Currently,
there is insufficient evidence to suggest that sweet taste exposure affects
sweetness preference, food choice and intake.

Unlike for sweetness, a preference for salt taste is usually developed during the
first year of life. Findings for salt responses suggest that newborns are relatively
insensitive to salt and that salt sensitivity develops gradually over the first two
years of life®. The absence of salt sensitivity in newborns might be explained from
an evolutionary viewpoint. Thefirst food that a newborn encounters is breastmilk,
which is dominant in sweetness and fattiness and contains sufficient amounts of
sodium for the newborn. Therefore, it may not be necessary to have an innate
preference for saltiness®. Theoretically thus, exposure to saltiness may have
an effect on later preferences. Indeed, previous studies have found associations
between infants exposure to sodium-containing foods and later preference for
saltiness®>=". However, these studies did not investigate the exposure to whole
diet saltiness. It might be that a preference for salty tasting foods is part of a
preference for more intense tasting foods in general®.

In this thesis, we observed significant positive associations between dietary taste
patterns at the age of one year and dietary taste patterns at the age of two years
for all taste clusters (Chapter 4). These findings suggest that early exposure to
certain tastes may indeed be important for later taste preferences and food intake.
However, two year olds still have little food choice autonomy, and therefore these
findings may also reflect stability in parenting practices®”.

At this stage it is unknown whether the increase in intensity and variety of dietary
taste patterns with child’s age continues into later childhood. Based on previous
literature we may expect an increase in whole diet sweetness during childhood,
which decreases again through adolescence and adulthood®%.. In line with
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this, in adults we observed lower intakes of ‘sweet & sour’ tasting foods in men
and women aged 31-50 y compared with adults aged 19-30 y (Chapter 5). These
findings suggest that whole diet sweetness may even further decrease during
adulthood.

In general however, dietary taste patterns in adults seemed relatively stable when
we compared adults aged 19-50 from the DNFCS with adults aged 19-70 in the
NQplus study (Chapter 5). After the age of 55 years, a decline in the sense of taste
and smell is more prevalent®”. This decline in chemosensory function could be
caused by delayed renewal of taste buds, oral infections or other factors related
to oral health and ageing®"*¥. Therefore, more intense dietary taste patterns
might be expected in older adults. Although the NQplus study population was
somewhat older, they were also higher educated compared to the DNFCS study
population. Higher education is often associated with better health®?. It might be
that less healthy older adults have a greater decline in chemosensory function,
possibly resulting in more intense dietary taste patterns. However, the older
adults population is highly heterogeneous in terms of their food preferences®.
Moreover, other factors such as food neophobia may also affect the extent to
which they change their eating behaviour and thus dietary taste patternsi,

Dietary taste patterns by weight status

Since the 1970s it is debated whether overweight and/or obese individuals have
a preference for sweet or savoury tasting foods, and this issue is still discussed.
Several studies have investigated taste preferences or liking of sweet or savoury
elements of the diet?%* However, only few studies assessed the taste of the
whole diet, but none of them focused on differences in dietary taste patterns by
weight status®#. Previous hedonic studies have found a positive association
between liking for sweet*#? or savoury foods and BMI“. In contrast, other
studies have reported lower liking ratings for sweet and savoury foods in obese
versus lean individuals*! or no difference in liking across BMI categories®?.

In the present thesis, we found evidence for a potential link between savoury food
intake and obesity. That is, obese men and women consumed relatively more
energy from ‘salt, umami & fat’ tasting foods and relatively less from ‘sweet & fat’
tasting food than normal-weight men and women (Chapter 5). These findings
were consistent across two different study populations. In a recent study by Cox

141

Chapter 7



Chapter 7

et al.”, overweight and obese subjects tended to report lower exposure to whole
diet sweetness than underweight subjects. No differences were found for saltiness
by weight status. In previous studies on individual foods, positive associations
were found between saltiness, but not sweetness, and energy content“=. Many
processed foods high in salt are also high in fat content (processed meat, cheese,
crisps, pizza), and less foods exist, that are consumed in isolation, that are high
in salt but low in fat content (besides soup). Although many sweet foods exist
that are high in fat content, various sweet foods exist that are low in fat content
(sugar-sweetened beverages, fruit and fruit juice, candy, sweetened low-fat dairy
products). Since fat is the most energy-dense nutrient, energy content may
indeed be more related to salty and umami taste than to the sweet taste. This
may suggest that ‘salt, umami & fat’ tasting foods may be more often high in
energy density, and the consumption of energy dense foods has been associated
with BMI“#9, Taken together, energy-dense savoury food intake, and not per se
sweet food intake, is potentially of concern for the development of obesity.

In line with these findings in adults, we found associations between increasing
child BMI z-score at the age of 1 year and relatively more energy from ‘salt, umami
& fat’ tasting foods in a large population-based cohort (Chapter 4). In our studies,
‘salt, umami & fat’ tasting foods were on average higher in protein content than
foods from other taste groups. Previous observational studies have found that a
higher protein intake during the complementary feeding period is associated with
a higher BMI®3 and a higher fat mass index®" in later childhood. In addition, a
large randomized trial found that children aged one year receiving high-protein
infant formulas had a higher BMI and higher risk of becoming obese in later
childhood than children receiving low-protein infant formulas®. Although effect
estimates were relatively small, higher energy intake from ‘salt, umami & fat’
tasting foods in early-life could potentially be related to higher risk of obesity at a
population level.

Dietary taste patterns and adherence to dietary guidelines

Worldwide, there is an enormous societal pressure to lower dietary salt, sugar
and saturated fat intake to prevent chronic diseases®. Some countries report
dietary reductions of these nutrients, yet these reductions have been minimal
and do not reach dietary recommendations® %%, However, it is well known that
these nutrients provide taste and palatability to foods®“%Y, In our study on
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individual foods, we found positive associations between sweet taste intensity
and mono- and disaccharide content, and salt taste intensity and sodium content
(Chapter 2). In line with this, others studies have found associations between
sweet, salt, umami taste intensity and fat sensation values and mono- and
disaccharide, sodium, protein, and fat content, respectively“*"5!. Diets lower
in sugar, salt and saturated fat may be lower in taste intensity and this could be
a key contributing factor for poor adherence to dietary guidelines. Although fat
sensation can be derived from both saturated and unsaturated fat, saturated
fat is often combined with sugar or salt in processed foods®. Moreover, bland
tasting healthy diets could also explain why consumers are seeking alternative
diets, which may better satisfy their sensory needs. The popularity of alternative
diets, such as the Atkins diet and the Paleo diet might be in part attributable to
their higher taste intensity values.

Therefore, we compared dietary taste patterns of healthy and popular dietary
scenarios with Dutch dietary patterns in women from the DNFCS 2007-2010
(Chapter 6). In addition, dietary taste patterns in women were correlated with
the Dutch Healthy Diet (DHD) index® i.e. the extent of adherence to dietary
guidelines. The consumed energy and amount from ‘neutral’ tasting foods was
relatively high in a diet according to the Dutch food-based dietary guidelinesand a
Mediterranean diet compared with the current diet. A Paleo diet was more similar
to the current diet concerning the consumed energy and amount from ‘neutral’
tasting foods. The extent of adherence to Dutch dietary guidelines was associated
with a relatively higher consumption of energy and amount from ‘neutral’ tasting
foods and lower consumption of energy and amount from ‘salt, umami & fat” and
‘bitter’ tasting foods. Taken together, these findings confirm that a lower taste
intensity of healthy diets may be a key contributing factor for poor adherence to
dietary guidelines. We also showed that the popularity of alternative diets, such
as a Paleo diet, might be in part attributable to their higher taste intensity values.

Understanding poor adherence to dietary guidelines is important because of
its higher prevalence among overweight or obese individuals®®. In this thesis,
we found evidence for a potential link between savoury food intake and BMI,
and between savoury food intake and lower adherence to dietary guidelines. In
contrast, associations between sweet food intake and diet quality was less clear.
Relatively more energy from foods tasting ‘sweet & fat’, but not ‘sweet & sour’, was
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positively associated with diet quality. In contrast, relatively larger amounts from
foods tasting ‘sweet & sour’, but not ‘sweet & fat, was negatively associated with
diet quality. These findings suggest that the type of food from which sweetness is
derived may be more important for diet quality. For example, ‘sweet & sour’ foods
included many types of fruit, but also sweetened beverages. It is well known that
energy consumed from sugar-sweetened beverages is not fully compensated for
in subsequent energy intake, and energy-containing beverages are not included
in dietary recommendations®®’. These findings are in line with recent findings by
Cox et al.”’ and suggest that savouriness, and not per se sweetness® may be an
issue for diet quality and the current obesity epidemic.

Practical implications and directions for future research

According to recent policy documents of the WHO, the general population can
get used to less sweetened and salted food in the diet, but these statements
were not supported by scientific evidence® ™. For saltiness, it seems that long-
term reduction in dietary sodium can alter the perceived salt taste intensity
and pleasantness in crackers and soup!™. Similarly, research by Bolhuis et
al.” showed that a gradual salt reduction of 50% in bread did not affect bread
consumption or choice of sandwich fillings. These findings are in line with other
studies'™™, suggesting that consumers can adjust to gradual reductions of salt
in foods such as bread, crackers and soup. However, worldwide adherence to
recommendations for salt intake remains low and it remains unknown whether
consumers can get used to reductions in whole diet saltiness®”.

Similarly, it is unclear whether consumers can get used to reduced sweet taste
in their diet. Sweet taste is innately pleasant, unlike salt taste for which infants
develop a preference in the first year of life®. Hypothetically, exposure to sweet
taste may enhance a sweetness preference. At the same time, exposure to a
particular taste was shown to result in a decreased desire for that taste in the
short term, i.e. sensory specific satiety. In the long term, it is less clear what the
effects are of sweet taste exposure on later preference, food choice and intake®,
In along-term study by Wise et al."™, subjects were put on either a reduced simple
sugar diet or their regular diet. In the intervention group compared to the control
group, they found effects on perceived taste intensity, but not on perceived
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pleasantness of vanilla puddings and raspberry beverages that varied in sucrose
concentration. Similarly, other studies provide limited evidence for an effect of
a reduced sweet taste exposure on the perceived sweetness and intake of other
sweet foods™ ). There is a need for studies on whole diet sweetness, rather than
the effects of sweet taste exposure on intake of a selection of sweet foods.

Our comparison of diet plans based on Dutch dietary guidelines with current
Dutch dietary patterns suggests substantive changes in dietary taste patterns
are needed to adhere to dietary guidelines. This raises the question whether
we should limit the consumption of intense tasting foods already early in life.
From a nutritional perspective, this could be beneficial for adherence to dietary
guidelines already in early-life. However, studies have also shown that dietary
restriction of foods may enhance the desire for these foods in children®’. In the
absence of parental monitoring this could lead to higher consumption of these
previously restricted foods. Taken together, it is important to reduce sugar, salt
and saturated fat intake but entire restriction of foods high in these nutrients may
be detrimental.

Future studies are needed to investigate tracking of dietary taste patterns from
early-life into later childhood and adulthood. Moreover, studies are needed to
investigate associations between dietary taste patterns during infancy and child
BMI and body composition in later childhood. In adults, prospective studies could
investigate a potential causal relationship between dietary taste patterns and
BMI. In these studies, underreporting of energy intake should be assessed, taking
into account the level of physical activity.

To investigate dietary taste patterns throughout the life course, it may be
worthwhile to develop FFQ for the assessment of dietary taste patterns. In
adults, ‘fat’ tasting foods might be excluded from such an FFQ, as we observed
little variation in the % energy from these foods by sex, age, weight status and
educational level. Additionally, foods from different taste groups should be
included as separate food items in FFQ. For example, existing FFQs were found
to combine ‘neutral’ and ‘sweet & fat’ tasting cookies in one food item, which is
appropriate for nutrients but not for dietary taste patterns.
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Conclusions

The role of taste in dietary intake in young children differed from adults. During
the first two years of life, dietary taste patterns become more intense and varied
in taste, and more similar to dietary taste patterns of adults. This transition in
dietary taste patterns could potentially have important consequences for the
development of taste preferences and food choice later in life. In individual
foods, associations were found between sweet taste intensity and mono- and
disaccharides, and between salt taste intensity and sodium content. Healthy diets
were lower in taste intensity, because of lower levels of sugar, salt and saturated
fat. Besides factors such as costs, convenience, and other sensory characteristics
such as flavour and texture, taste may be a key contributing factor for poor
adherence to dietary guidelines ©*% However, healthy diets can be made more
appealing by adding flavour, such as from herbs & spices®.

Studying dietary intake from a taste perspective has provided new insights that
may give new input for the development of randomized controlled trials. These
trials are needed to investigate whether an exposure period to lower or higher
whole diet sweetness and saltiness affects dietary taste patterns in a natural
setting. To this aim, our taste database may be used to compare the contribution
to energy intake from foods with different tastes before and after the exposure
period. Given the current dietary guidelines to reduce dietary salt, sugar and
fat intake, further research on the feasibility of these guidelines, from a taste
perspective, is clearly needed.
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Summary

The prevalence of overweight and obesity has increased dramatically worldwide
over the last decades, regardless of geographical boundaries and cultural
differences. Making the desirable and appropriate food choices is important in
preventing weight gain and obesity. Food choices are to a great extent guided by
the taste of food.

The overall aim of this thesis was to assess the role of taste in energy intake in
young children and adults, and to investigate how taste relates to nutrients and
adherence to dietary recommendations.

In Chapter 2 we studied the relationship between taste intensity, energy and
nutrient content in individual foods. We found associations between sweetness
and mono- and disaccharide content, and between saltiness and sodium,
protein, and fat content. Saltiness, but not sweetness, was associated with energy
content. We found no modifying effect of food form, i.e. liquids, semi-solids and
solids, on the relationship between taste intensity and nutrient content.

In Chapters 3-6 we combined our taste database with dietary intake data to
investigate dietary taste patterns. First, we evaluated dietary taste patterns based
on FFQ against 3-d 24hR and biomarkers of exposure in an adult study population
(Chapter 3). We found that the FFQ’s reliability against 24hR was acceptable to
good forranking of adults’ dietary taste patterns. Moreover, associations between
dietary taste patterns and urinary Na and N were similar for FFQ and 24hR. These
findings suggest that both FFQ and 24hR can be used to investigate dietary taste
patterns.

In Chapter 4 we investigated the development of dietary taste patterns during
early childhood in a large population-based cohort. In children aged one year the
majority of energy intake was obtained from ‘neutral’ (64%) tasting foods, which
was substantially higher than in children aged two years (42%). Energy intake from
‘sweet & fat’, fat’ and ‘salt, umami & fat’ tasting foods was higher in two year olds
than in one year olds. Higher child BMI Z-scores were associated with relatively
more energy from ‘salt, umami & fat’ tasting foods. Furthermore, higher maternal
educational level was associated with relatively more energy from ‘neutral’ tasting
foods and less from ‘sweet & fat) ‘ fat’ and ‘ salt, umami & fat’ tasting foods.
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Subsequently, dietary taste patterns were investigated in adults in two study
populations (Chapter 5). In both study populations we found that men consumed
relatively more energy from ‘salt, umami & fat” and ‘bitter’ tasting foods, whereas
women consumed relatively more energy from ‘sweet & fat’ and ‘sweet & sour’
tasting foods. In addition, we found that obese individuals consumed relatively
more energy from ‘salt, umami & fat’ tasting foods and relatively less from ‘sweet
& fat’ tasting foods than lean individuals.

In our last study, we compared dietary taste patterns of healthy and popular
dietary scenarios with Dutch dietary taste patterns in women from the DNFCS
2007-2010 (Chapter 6). In addition, we investigated associations between the
extent of adherence to food-based dietary guidelines, as a measure of diet quality,
and dietary taste patterns in these women. We found that healthy diets may be
lower in taste intensity compared with current Dutch dietary taste patterns in
women. Popular diets, such as a Paleo diet, were more similar in taste intensity
to the current diet.

Diets lower in sugar, salt, and saturated fat content may be lower in taste
intensity and this could be a key explanatory factor for poor adherence to dietary
guidelines. However, healthy diets can be made more appealing by adding
flavour, such as herbs & spices. One of the strategies that may be used to lower
dietary salt, sugar and saturated fat intake is the gradual reduction of these
nutrients in food. Another promising but challenging strategy could be that foods
are reformulated to reduce levels of salt, sugar and saturated fat without affecting
taste and palatability. However, successful application of these techniques
requires substantial research and development for each product individually.

Studying dietary intake from a taste perspective has provided new insights that
may give new input for the development of randomized controlled trials. These
trials are needed to investigate whether high or low sweet and salty taste exposure
affects long-term perceived intensity and preferences for sweetness and saltiness
and dietary taste patterns. Given the current dietary guidelines to reduce dietary
salt, sugar and saturated fat intake, further research on the feasibility of these
guidelines, from a taste perspective, is clearly needed.
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Supplementary tables

Chapter 2: The relationship between taste and nutrient content in
commercially available foods from the United States

Table A1 Product names with missing values for taste (product 1) or nutrients (2-25)

Product name

1 Breakfast cereals chocolate flavor in milk

2 Butternut squash chicken sausage

3 Sausage

4 Maple Brown Sugar Instant Oatmeal

5 Vanilla frother

6 Mocha latte

7 Mocha cappuccino

8 Mocha latte

9 Donuts mocha

10 Mocha (coffee)

11 Black unsweetened iced tea

12 Hot apple cider

13 Longisland ice tea (alcoholic)

14 Sunspiced garlic powder

15 Sunspiced onion powder

16 Roasted red pepper puree - soft frozen puree
17 Roasted red pepper puree - hard frozen puree
18 Shelf stable refrigerated puree roasted red pepper
19 Soft frozen puree - garlic

20 Shelf-stable puree with vinegar - garlic

21 Hard frozen puree (100% frozen garlic)

22 Shelf stable refrigerated puree - garlic

23 Frozen puree - garlic

24 Onion sauce

25 Cream of corn soup
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Figure A1 Frequency (number of food products) from each food group for the 237 US foods
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Table A2 Products and the food form groups (1= liquid, 2=semi-solid, 3=solid), known and/or positive
values for mono- and disaccharide and sodium content (1= included, 0= excluded from regression
analyses) and clusters (1= neutral, 2=sweet, 3=salty)

) , 58 € =
S35 83% 3 &
Productname & t% § 55 3 C:)
1 Chicken broth with vegetables, contains milk, soy and wheat 1 1 1 3t
2 Tomato soup 1 1 1 31
3 Chicken broth 100% fat free-no msg 33% less sodium 1 1 1 3t
4 100% Orange juice 1 1 1 2
5 100% Grape juice 1 1 1 2
6 100% Orange juice, no pulp, from concentrate 1 1 1 2
7 Grape juice 1 1 1 2
8 Grape juice from concentrate, 120% vitamin ¢ 1 1 1 2
9 100% Orange juice, pasteurized 1 1 1 2
10 100% Grape juice from concentrate with added ingredients 1 1 1 2
11 Soft drink 1 1 1 2
12 Diet soft drink 1 0 1 2
13 Soft drink 1 1 1 2
14 Nutritional shake, chocolate 1 1 1 2
15 Nutrition shake chocolate 1 1 1 2
16 Soft drink 1 1 1 2
17 Chocolate drink 1 1 1 2
18 Soft drink 1 1 1 2
19 Soft drink 1 1 1 2
20 Soft drink 1 1 1 2
21 Soft drink 1 1 1 2
22 Chocolate milk 2% reduced fat 1 1 1 2
23 Chocolate nutritional beverage low fat milk with 32mg DHA omega-3, 1 1 1 2
vitamins A&D
24 Nutritional drink, rich milk chocolate 1 1 1 2
25 Chocolate low fat milk 1 1 1 2
26 Chocolate drink 1 1 1 2
27 100% orange juice, no pulp, pasteurized, not from concentrate 1 1 0 2
28 100% Orange juice, no pulp, not from concentrate 1 1 0 2
29 Apple juice 1 1 0 2
30 Hard cider 1 0 0 2
31 Fat free milk, vitamins A&D 1 1 1 1
32 Fat free milk 1 1 1 1
33 Skim milk, vitamins A & D 1 1 1 1
34 Vitamin D milk, pasteurized, homogenized 1 1 1 1
35 Vitamin D homogenized milk 1 1 1 1
36 Whole milk, vitamin D 1 1 1 1
37 2% Reduced fat milk, 30% less fat than whole milk, fat reduced from 1 1 1 1
8g to 5g, 2% milkfat, pasteurized, homogenized
38 Reduced fat milk (2%) 1 1 1
39 2% Milkfat reduced fat milk, vitamins A& D, 37% less fat than whole 1 0 1 1
milk
40 2% reduced fat milk, vitamins A&D 1 0 1 1
41 Tequila 1 0 1 1
42 Butter milk 1 1 1 1
43 Butter milk 1 1 1 1
44 Butter milk 1 1 1 1
45 Butter milk 1 1 1 1
46 Beer 1 0 0 1
47 Hard cider 1 0 0 1
48 Hard cider 1 0 0 1
49 Hard cider 1 0 0 1
50 Hard cider 1 0 0 1
51 Hard cider 1 0 0 1
52 Hard cider 1 0 0 1
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Table A2 continued

o ) 5 4 c .

2% 83 % ¢

Productname 88 255 3 3

53 Hard cider 1 0 0 1
54 Hard cider 1 0 0 1
55 Hard cider 1 0 0 1
56 Hard cider 1 0 0 1
57 Hard cider 1 0 0 1
58 Hard cider 1 0 0 1
59 Hard cider 1 0 0 1
60 Hard cider 1 0 0 1
61 Hard cider 1 0 0 1
62 Hard cider 1 0 0 1
63 Hard cider 1 0 0 1
64 Hard cider 1 0 0 1
65 Cooked- dehydrated mashed potatoes 2 1 1 3
66 Sweet pepper sauce 2 1 1 3
67 Three cheese sauce 2 1 1 3
68 Tomato basil sauce 2 1 1 3
69 Tomato basil sauce 2 1 1 3
70 Roasted garlic sauce 2 1 1 3
71 Mushroom sauce 2 1 1 3
T2 Buffalo wild wing parmesan garlic sauce 2 1 1 3
73 Honey mustard dressing 2 1 1 3
4 Light mayonnaise 2 1 1 3
75 Mayonnaise 2 1 1 3
76 Mayonnaise 2 1 1 3
1 Blue cheese sauce 2 1 1 3
78 Margarine 2 0 1 3
79 Margarine 2 0 1 3
80 Ranch dressing 2 1 1 3
81 Ketchup 2 1 1 3
82 Ketchup 2 1 1 3
83 Barbeque sauce 2 1 1 3
84 Buffalo wing sauce 2 0 1 3
85 Roasted red pepper puree 2 1 1 3
86 Sauteed garlic base 2 1 1 3
87 Japan teriyaki sauce 2 1 1 3
88 Chicken gravy, dried 2 0 1 3
89 Frozen yogurt, cherry flavor 2 1 1 2
90 White chocolate mocha flavored syrup 2 1 1 2
91 Ice-cream 2 1 1 2
92 Greek frozen yogurt, blueberry vanilla 2 1 1 2
93 Diced canned tomatoes 2 1 1 2
94 Creamy peanut butter 2 1 1 2
95 Whipped cream 2 1 0 2
96 Whipped cream fat free 2 1 0 2
97 Strawberry greek style yogurt 2 1 1 1
98 Strawberry greek style yogurt 2 1 1 1
99 Strawberry greek style yogurt 2 1 1 1
100 Chicken pot pie 3 1 1 3
101 Eggs 3 1 1 3
102 Potato chips 3 1 1 3
103 French fries 3 1 1 3
104 French fries 3 0 1 3
105 Popcorn 3 0 1 3
106 Cornchips 3 0 1 3
107 Chicken breast nuggets, made with white meat 3 0 1 3
108  Chicken breast nuggets 3 1 1 3
109  Cornchips 3 0 1 3
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Table A2 continued

Productname

Texture
group

Mono-

charides

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166

162

Spicy chicken patties

Sausage egg and cheese croissant
Potato chips

Fully cooked chicken breast strips
Microwave turkey/pork

Oven cooked turkey/pork

Mini corn dogs

Chicken sausage patties

Microwave beef

Oven cooked beef

Gluten free chicken strips

Oven roasted turkey shortcuts

Breaded chicken nuggets

French fries

Baked chicken breast strips, whole grain
Grilled chicken breast fillets

Potato chips

Pizza pepperoni

Pizza pepperoni

Steak

Pizza pepperoni

Corn chips

Potato chips

Pizza pepperoni

Chicken strips

Fully-cooked turkey breakfast sausage patties
Corn dogs

Fully-cooked turkey breakfast sausage links
Sausage egg and cheese biscuit
Crackers

Pizza pepperoni

Hot dog lean pork sausage (bun)

Pizza pepperoni

Pizza pepperoni

Sausage egg and cheese biscuit snack size
Popcorn chicken

Hot dog chicken and pork sausage (bun)
Fully-cooked pork breakfast sausage
Corn chips

Corn chips

Hot dog beef sausage (no bun)

Hot dog beef sausage (bun)

Bratwurst

Bratwurst

Pita chips

Popcorn

Corn chips

Honey ham

Hot dog chicken and pork sausage (no bun)
Chicken nuggets

Popcorn

Cheddarwurst . smoked sausage with cheese
Pita chips

Hot dog beef sausage (no bun)

Hot dog lean pork sausage (no bun)
Turkey bacon

Corn chips
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Table A2 continued

Productname

Texture
group

Mono-

charides

167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219

220
221
222

Pizza pepperoni

Smoked turkey breast, boneless and fully cooked
Turkey bacon

Saltine crackers

Buffalo chicken strips

Pretzels

Parmesan cheese

Parmesan cheese

Strawberry candy

Orange candy

Cooked sweet potatoes

Candy

Candy

Peanuts with chocolate

Peanut butter snack cakes

Crunchy breakfast cereals in milk
Breakfast cereals in milk

Crunchy breakfast cereals

Whole grain cereal in milk

Breakfast cereals chocolate flavor in milk
Sweet potato fries

Baked apple pie

Rich frosted mini donuts

Lemon mousse cake

Lime pie, cookie crust

Crumb topped coffee cakes
Chocolate chip cookie

Strawberry fruit & yogurt bar
Mascarpone cake, with nuts

Pumpkin pie

All butter pound cake

Chocolate raspberry duet cake
Chocolate chip cookies

Breakfast cereals

Cream filled chocolate cupcakes, chocolate iced, chocolate filling
Cream filled chocolate cup cakes, buttercreme filling
Light pound cake

Chocolate cupcakes

Pound cake

Lemon pie

Pound cake

Pound cake

Pound ring cake

Vanilla wafers

Vanilla wafers

Powdered sugar mini donuts

All butter loaf cake

Caramel apple cake

Butterscotch krimpets, baked fresh
Breakfast cereals chocolate flavor
Pound cake

Chocolate sandwhich cremes

Wheat thins snacks, reduced fat, 30% less fat than original wheat
thins with 11g whole grain per serving
Cherry candy

Orange candy

Strawberry candy
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Table A2 continued

o ) 5 4 € .

2% 83F 3 &

Productname &8 255 8 3

223 Ground pork.90% lean. 10% fat 3 0 1 1
224 Ground chicken with natural flavorings 3 0 1 1
225  Shelled eggs 3 0 1 1
226 Eggwhite 3 1 1 1
227  Eggbeaters 3 1 1 1
228  Breakfast cereals in milk 3 1 1 1
229  Breakfast cereals in milk 3 1 1 1
230  Eggbeaters 3 0 1 1
231  Eggwhite 3 0 1 1
232 Ground pork 3 0 1 1
233 Whole grain cereal 3 1 1 1
234 Breakfast cereals 3 1 1 1
235  Breakfast cereals 3 1 1 1
236 Popcorn 3 0 1 1
237 100% Whole grain spaghetti 3 1 0 1

T Exlcuded from liquid regression analysis for the relationship between salt taste intensity and sodium content
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Evaluation of dietary taste patterns as assessed by FFQ aga

24-h recalls and biomarkers of exposure
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Supplementary tables

Chapter 4: Development of dietary taste patterns in early childhood and
its associations with maternal and child characteristics

Table C1 Mean taste intensity values of all taste modalities and nutrient content stratified by taste clusters
for the food items in the FFQ’s at the child’s age of 1 year and 2 years

Taste clusters

Fat Sweet/sour Neutral Sweet/fat Salt/umami/
(n=147; 29%) (n=28; 5%) (n=178;35%)  (n=50; 10%) fat (n=107;
21%)
Taste modality Mean SD Mean SD  Mean SD Mean SD Mean SD
Sweet 4 4 25 12 12 7 48 10 8 6
Sour 5 9 38 11 4 3 7 7 9 7
Bitter 2 2 2 1 2 5 4 3 1 1
Salt 17 10 8 11 7 4 6 3 36 8
Umami 5 5 5 8 4 3 1 0 20 6
Fat sensation 87 6 21 13 16 7 39 16 46 11
Nutrient content
Energy (kcal/100g) 677 203 7 53 134 138 285 164 242 113
Carbohydrates (g/100g) 1 3 13 7 20 24 41 25 9 11
Mono- and disaccharides (g/100g) 1 1 12 7 6 12 34 22 2 3
Protein (g/100g) 1 3 2 2 4 4 4 2 14 8
Fat (g/100g) 74 23 2 5 4 9 12 12 17 11
Sodium (mg/100g) 178 159 185 320 124 181 87 76 514 324

Table C2 The percentage of daily energy intake from each taste group in one year and two year old children
(n=777)

Total population Sub population (n=777)
1year (n=3629) 2 years (n=844) 1year 2 years
Energy % Energy %
Taste group Mean SD Mean SD Mean SD Mean SD
Neutral 63.6 132 423 8.4 63.3 12.8 422 8.4
Sweet/sour 133 8.0 104 6.7 143 7.6 10.4 6.7
Sweet/fat 6.8 55 18.3 7.4 6.7 52 183 7.5
Fat 55 4.2 114 4.4 51 39 115 4.4
Salt/umami/fat 10.8 6.2 17.6 5.6 10.6 59 17.6 5.6

Table C3 Associations of maternal characteristics (3 (95%Cl)) with contribution to % energy from each
taste cluster at the age of one year in Dutch participants only (n=2,358)

Neutral Sweet/sour Sweet/fat Fat Salt/umami/fat
Maternal age
Model 1 0.4(0.3,0.6)  -0.2(-0.3,-0.1) -0.1(-0.1,-0.0)  -0.1(-0.1,-0.0) -0.1(-0.2,-0.0)
Model 2 0.3(0.2,0.5) -0.2(-0.2,-0.1) -0.1(-0.1,0.0) -0.0 (0.1, 0.0) -0.1(-0.1,-0.0)
Educational level
Low Reference Reference Reference Reference Reference
High
Model 1 2.9(1.6,4.2) -0.6(-1.3,0.2) -1.1(-1.6,-0.6) -0.6 (-1.0,-0.2) -0.6(-1.1,-0.1)
Model 2 15(0.2,2.8)  0.1(-0.7,09) -0.7(-1.2,-0.2)  -0.5(-0.9,-0.2) -0.3(-0.9,0.2)
Maternal BMI
Model 1 -0.3(-0.4,-0.1) 0.1(0.0,0.2)  0.1(0.1,0.2) 0.0(-0.0,0.1)  0.0(-0.0,0.1)
Model 2 -0.2(-0.3,-0.0) 0.1(-0.0,0.2)  0.1(0.0,0.1) 0.0 (-0.0,0.1) -0.0(-0.1,0.1)

Model 1 is unadjusted. Model 2 is adjusted for all other maternal and child characteristics. Bold values
indicate statistically significant effect estimates.
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Table C4 Associations of child characteristics (3 (95%Cl)) with contribution to % energy from each taste
cluster at the age of one year in Dutch participants only (n=2,358)

Neutral Sweet/sour Sweet/fat Fat Salt/umami/fat
Sex
Boy Reference Reference Reference Reference Reference
Girl
Model 1 1.1(0.1,2.2)  02(-0508)  -0.4(-0.8,-0.0) -0.6(-0.9,-0.2) -0.3(-0.8,0.1)
Model 2 0.9(-0.1,1.8) 0.2(-0.4,0.8) -0.3(-0.7,0.1)  -0.5(-0.8,-0.2) -0.2(-0.7,0.2)
Child age at FFQ
Model 1 -2.0(-2.2,-1.7) 0.4(0.2,0.6) 0.6 (0.5,0.7) 0.3(0.3,0.4) 0.7(0.5,0.8)
Model 2 2.0(-22,-1.7) 0.4(0.2,0.5)  0.6(0.5,0.7)  0.3(0.3,0.4)  0.6(0.5,0.8)
Child BMI Z-score
Model 1 -0.4(-0.8,0.1) 0.3(0.1,0.6) -0.1(-0.3,0.1) 0.0(-0.1,0.1) 0.1(-0.1,0.3)
Model 2 03(-0.7,01)  0.3(0.0,05  -0.1(-0.3,0.0) 0.0(-0.1,02)  0.1(-0.1,03)
Breastfeeding duration
Model 1 0.4(0.3,0.6)  -0.2(-0.3,-0.1) -0.1(-0.2,-0.1) 0.0(-0.0,0.1)  -0.1(-0.2,-0.1)
Model 2 0.3(0.1,0.4) -0.2(-0.3,-0.1) -0.1(-0.1,-0.0) 0.0(-0.0,0.1) -0.1(-0.2,-0.0)
Introduction of complementary feeding
After 6 months Reference Reference Reference Reference Reference
3-6 months
Model 1 -1.6(-2.6,-0.5) 0.4(-0.3,1.0) 0.8(0.3,1.2)  -0.1(-04,03)  0.5(0.0,1.0)
Model 2 -1.0(-2.1,0.0)  0.1(-0.6,0.7) 0.6 (0.2,1.1) -0.1(-0.4,0.3) 0.4(-0.1,0.8)
0-3 months
Model 1 -3.1(-5.6,-0.5) -1.2(-2.8,0.3) 2.1(1.0,3.1) 1.1(0.3,1.9) 1.2(0.1,2.3)
Model 2 -19(-44,05)  -1.7(-3.2,-0.1) 1.8(0.7,2.8)  0.9(0.2,1.7)  0.9(-0.2,2.0)

Model 1 is unadjusted. Model 2 is adjusted for all other maternal and child characteristics. Bold values
indicate statistically significant effect estimates.
* Child age- and sex- specific BMI Z-scores

Table C5 Associations of maternal characteristics (3 (95%Cl)) with contribution to % energy from each

taste cluster at the age of two years (n=844)

Neutral Sweet/sour Sweet/fat Fat Salt/umami/fat
Maternal age
Model 1 0.2(0.0,0.3) -0.2(-0.2,-0.1) 0.1(-0.0,0.2) 0.0(-0.1,0.1) -0.1(-0.2,-0.1)
Model 2 0.1(-0.0,03)  -0.2(-0.3,-0.1) 0.2(0.0,0.3)  -0.0(-0.1,0.1) -0.1(-0.2,0.0)
Educational level
Low Reference Reference Reference Reference Reference
High
Model 1 2.0(0.4,35)  -01(-1.2,1.1) -1.1(-24,03) 0.0(-0.7,0.7)  -0.9(-1.8,0.0)
Model 2 12(-0.3,2.7) 0.3(-0.9,1.5) -0.9 (-2.2,0.5) -0.2 (-1.0,0.6) -0.5(-1.4,0.5)
Maternal BMI
Model 1 -0.3(-0.4,-0.1) 0.1(-0.1,02)  0.1(-00,02)  00(0.1,01)  0.1(0.0,0.2)
Model 2 -0.3(-0.4,-0.1) 0.1(-0.1,0.2) 0.1(-0.1,0.2) 0.0(-0.1,0.1) 0.1(0.0,0.2)

Model 1 is unadjusted. Model 2 is adjusted for all other maternal and child characteristics. Bold values
indicate statistically significant effect estimates.

173

Appendix C



Appendix C

Table C6 Associations of child characteristics (3 (95%Cl)) with contribution to % energy from each taste
cluster at the age of 2 year (n=844)

Neutral Sweet/sour Sweet/fat Fat Salt/umami/fat
Sex
Boy Reference Reference Reference Reference Reference
Girl
Model 1 05(-1.7,06)  1.2(0.7,1.6) -1.2(-22,-0.3)  0.2(-0.4,0.8) 0.3(-0.0,0.7)
Model 2 -0.7(-1.8,0.5) 1.3(0.4,2.2) -1.2(-2.2,-0.2)  0.2(-0.4,0.8) 0.4(-04,1.2)
Child age at FFQ
Model 1 0.1(-0.4,0.6) -0.1(-0.6,0.3) -0.2(-0.6,0.3) 0.2(-0.1,0.5) -0.0(-0.4,0.3)
Model 2 0.1(-0.5,0.6) -02(-0.6,03)  -0.1(-06,04)  0.2(-0.1,0.5) -0.0(-0.4,0.3)
Child BMI Z-score
Model 1 0.3(-0.1,0.8) 0.0(-0.4,0.4) -0.4 (-0.8,0.0) -0.0(-0.3,0.2) 0.1(-0.2,0.4)
Model 2 0.4 (-0.1,0.9) 0.0(-04,04)  -0.4(-0.9,-0.0) -0.0(-03,02)  0.1(-0.2,0.4)
Breastfeeding duration
Model 1 0.1(-0.0,0.3) 0.0 (-0.1,0.1) -0.2(-0.3,-0.1)  0.1(0.1,0.2) -0.1(-0.2,0.0)
Model 2 0.1(-0.1,0.2) 0.0(-0.1,0.1) -0.2(-0.3,-0.0)  0.1(0.0,0.2) -0.0(-0.2,0.1)
Introduction of complementary feeding
After 6 months Reference Reference Reference Reference Reference
3-6 months
Model 1 04(-1.6,09)  02(-0.8,1.1) 06(-1.6,06)  -03(-09,04)  1.0(0.2,1.8)
Model 2 -0.1(-14,1.1) 0.1(-0.9,1.1) -0.8(-1.9,0.3) -0.1(-0.8,0.6) 0.9(0.1,1.8)
0-3 months
Model 1 -0.7(-4.6,3.3) 1.0(-1.9,3.9) -2.6(-5.8,0.6) 0.9(-15,3.2) 1.4(-1.0,3.9)
Model 2 0.8(-4.8,32) 12(-1.7,4.0) 29(-59,01)  10(-1.2,32) 1.5(-0.9,3.9)

Model 1 is unadjusted. Model 2 is adjusted for all other maternal and child characteristics. Bold values
indicate statistically significant effect estimates.

Table C7 Mean taste intensity values for the food items in the FFQ at 1 year and the classification into taste
clusters

Mean taste intensity

Item values (0-100) Cluster
= 5]
§ = 3 . & g
# Name 3 3 @ 3 g & # Name 2
2 Corn or Rice waffles 3 0 1 7 1 41 Neutral 15.6
3 Otherwise: biscuits, crispbread, crackers, 6 1 1 9 0 51 Neutral 136
breadsticks or multigrain waffles
5 Wholemeal or brown buns 4 2 2 12 0 81 Neutral 13.0
6 Buns with currants or raisins 6 2 1 11 0 71 Neutral 11.8
7 Malt or white buns 6 2 2 11 0 10 1 Neutral 10.7
8 Croissant 6 2 1 11 0 71 Neutral 11.8
9 Other croissants or buns 5 2 2 11 0 8 1 Neutral 12.2
11 Wholemeal or brown bread 4 2 2 12 0 81 Neutral 13.0
12 Bread with currants and raisins 6 2 1 11 0 71 Neutral 11.8
13 Malt or white bread 5 2 2 11 0 91 Neutral 114
14 Other bread 5 2 2 11 0 8 1 Neutral 12.4
43 Eggs 5 2 1 10 8 26 1 Neutral 143
47 Cornflakes, rice Kries piers, rice flour 14 1 1 5 1 15 1 Neutral 42
48 Oatmeal 6 1 2 6 1 20 1 Neutral 8.6
49 Albona, Bambix, Biovim, Brinta, Nutrigan, Muesli 15 2 2 6 1 12 1 Neutral 52
50 Other cereals 15 2 2 6 1 13 1 Neutral 4.8
53 Bebelac 2 19 2 0 4 3 17 1 Neutral T4
54 BiobimLac 2 19 2 0 4 3 17 1 Neutral T4
55 Bledena growth Danone milk 19 2 0 4 3 17 1 Neutral T4
56 Enfamil AR 2 19 2 0 4 3 17 1 Neutral T4
57 Friso 1 allergy care 19 2 0 4 3 17 1 Neutral T4
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Table C7 continued

Mean taste intensity

Item values (0-100) Cluster
= g
g 5 3 . & 5
# Name vg‘) 3 3 ﬁ % E # Name g
58 Friso 2 comfort 19 2 0 4 3 17 1 Neutral 4
59 Friso 2 extra 19 2 0 4 3 17 1 Neutral 7.4
60 Friso 2 hypoallergenic 19 2 0 4 3 17 1 Neutral 74
61 Friso 2 normal 19 2 0 4 3 17 1 Neutral 74
62 Friso 3 normal 19 2 0 4 3 17 1 Neutral T4
63 Neocate 19 2 0 4 3 17 1 Neutral T4
64 Nestle Toddler Milk BL 19 2 0 4 3 17 1 Neutral 74
65 Nestle Toddler Milk Vanilla 19 2 0 4 3 17 1 Neutral T4
66 Nestle NAN 2 19 2 0 4 3 17 1 Neutral 7.4
67 Nestlé NAN hypoallergenic 2 19 2 0 4 3 17 1 Neutral T4
68 Nutramigen 19 2 0 4 3 17 1 Neutral 74
69 Nutramigen 2 LGG 19 2 0 4 3 17 1 Neutral 7.4
70 Nutrilon 2 19 2 0 4 3 17 1 Neutral T4
71 Nutrilon 3 19 2 0 4 3 17 1 Neutral 7.4
T2 Nutrilon AR 2 19 2 0 4 3 17 1 Neutral T4
73 Nutrilon Forte 2 19 2 0 4 3 17 1 Neutral 74
4 Nutrilon Hypoallergenic 2 19 2 0 4 3 17 1 Neutral 74
75 Nutrion Peptides 2 19 2 0 4 3 17 1 Neutral 74
76 Nutrilon Toddler Milk 19 2 0 4 3 17 1 Neutral 74
7 Nutrilon Soya 2 19 2 0 4 3 17 1 Neutral 74
78 Omneo 2 19 2 0 4 3 17 1 Neutral 7.4
9 Peptide Junior 19 2 0 4 3 17 1 Neutral 74
80 Pregestimil 19 2 0 4 3 17 1 Neutral T4
81 Similac 2 19 2 0 4 3 17 1 Neutral 74
82 Simical 3 19 2 0 4 3 17 1 Neutral 74
83 Other infant formula 19 2 0 4 3 17 1 Neutral 74
85 Whole milk 12 4 1 3 1 20 1 Neutral 6.5
86 Semi-skimmed milk 12 4 1 3 1 20 1 Neutral 6.5
89 Other milk 12 7 1 3 1 20 1 Neutral 72
101 Oat meal porridge 15 1 1 3 0 22 1 Neutral 9.1
111 Tea 4 5 20 1 1 21 Neutral 242
112 Sugar added to tea 20 4 16 1 0 21 Neutral 214
117 Infant food meal 6-8 months with pasta 9 8 3 11 9 251 Neutral 132
118 Infant food meal 6-8 months without pasta 10 9 3 12 11 28 1 Neutral 16.6
119 Infant food meal 12-15 months with pasta 7 6 2 10 7 251 Neutral 12.3
120 Infant food meal 12-15 months without pasta 8 7 3 12 8 27 1 Neutral 14.9
121 Infant food meal 18 months with pasta 7 6 2 10 7 25 1  Neutral 123
122 Infant food meal 18 months without pasta 8 7 3 12 8 27 1 Neutral 14.9
123 Other kids meal 8 7 3 11 8 26 1 Neutral 139
125 Crepes or pancakes 15 2 1 8 2 351 Neutral 20.0
126 Pasta 3 2 1 3 1 16 1 Neutral 104
128 Multigrain Rice, couscous, bulgur, wheat or Tarly 7 1 2 4 1 8 1 Neutral 10.7
129 Other types of rice 5 2 2 3 3 6 1 Neutral 12.1
130 Legumes 12 3 2 23 12 151  Neutral 18.7
132 Boiled potatoes 7 2 1 19 10 20 1 Neutral 16.3
133 Fried potatoes 8 3 1 19 10 28 1 Neutral 19.7
148 Frites baked in the oven 9 3 0 17 8 37 1 Neutral 245
158 Carrots 15 2 1 5 3 10 1 Neutral 6.2
159 Cauliflower, Brussels sprouts or red cabbage 7 5 5 4 4 10 1 Neutral 8.7
160 Green beans 8 3 2 7 5 10 1 Neutral 72
161 Spinach 7 5 6 9 5 91 Neutral 9.6
162 Broccoli, leeks and red peppers 7 5 4 3 5 8 1 Neutral 10.0
163 Other vegetables 3 1 7 2 2 41 Neutral 16.3
164 Curly kale 9 8 6 5 4 91 Neutral 9.5
167 Stirred carrots 15 2 1 5 3 10 1 Neutral 6.2
168 Stirred cauliflower, Brussels sprouts or red cabbage 7 5 5 4 4 10 1 Neutral 8.7
169 Stirred green beans 8 3 2 7 5 10 1 Neutral 72
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Table C7 continued

Mean taste intensity

Item values (0-100) Cluster
= g
g - 3 . & 5
# Name vg‘) 3 3 ﬁ % E # Name g
170 Stirred spinach 7 5 6 9 5 91 Neutral 9.6
171 Stirred broccoli, leeks and red peppers 7 5 4 3 5 8 1 Neutral 10.0
172 Stirred other vegetables 8 8 6 5 4 8 1 Neutral 9.7
185 Raw vegetables 8 15 6 3 2 41 Neutral 17.2
256 Apple, banana, grapes, pear, currants, raisins or 28 17 1 1 1 14 1 Neutral 21.7
fruit compote
263 Water or diet (soft) drinks 10 10 7 2 1 4 1 Neutral 15.4
265 Small cookies 30 1 1 10 0 11 1 Neutral 19.0
269 Non-wholemeal biscuit food 32 2 0 8 1 18 1 Neutral 203
42 Sandwich spread 19 45 1 24 13 36 2 Sweet/sour 251
87 Skimmed milk, buttermilk 6 37 1 5 2 24 2 Sweet/sour 19.8
93 Low fat chocolate milk, low fat yoghurt drinks 32 26 3 4 1 29 2 Sweet/sour 16.6
102 Low-fat yogurt, low fat custard, low fat curd 12 54 2 3 1 28 2 Sweet/sour 23.0
103 Half-fat yogurt, half fat custard, half fat curd 27 33 1 2 1 36 2 Sweet/sour 173
105 Unknown type of yogurt, custard, porridge or 23 32 3 3 1 352  Sweet/sour 16.5
pudding quark
253 Red sauces added to diner meal 27 32 1 32 24 29 2 Sweet/sour 326
257 Kiwi, strawberries, orange 22 40 4 1 0 52  Sweet/sour 185
258 Other fruit 28 24 2 3 1 10 2 Sweet/sour 19.3
260 Orange juice 32 42 2 1 0 2 2 Sweet/sour 224
261 Other fruit juice 39 40 2 2 1 32  Sweet/sour 24.4
264 Regular soft drinks, juice and lemonade 45 27 7 3 1 32 Sweet/sour 30.1
290 Ketchup in addition to a snack 27 32 1 32 24 29 2 Sweet/sour 32.6
15 Gingerbread 42 2 4 8 1 22 3 Sweet/fat 19.1
39 Chocolate butter, chocolate confetti/flocks 62 2 7 7 1 57 3 Sweet/fat 243
41 Other sweet sandwich fillings 66 12 3 5 0 30 3 Sweet/fat 21.1
91 Full-fat chocolate 37 2 7 6 0 39 3 Sweet/fat 12.6
92 Half-fat chocolate milk, half- fat drinking yoghurt 36 16 4 5 1 32 3 Sweet/fat 16.3
95 Unknown type of chocolate or yoghurt drinks 35 15 5 5 1 33 3 Sweet/fat 159
97 1-person infant dessert (eg Danone) 42 16 1 4 0 44 3 Sweet/fat 119
98 Semolina pudding 41 6 5 5 2 44 3 Sweet/fat 8.6
100 Mousse, pudding, full fruit curd 37 13 7 3 1 44 3 Sweet/fat 136
104 Full-fat yogurt, whole custard, rice pudding, 29 16 4 3 1 38 3 Sweet/fat 21.0
pudding
107 Ice cream 48 3 1 6 0 513  Sweet/fat 135
109 Added sugar or other confectionery to dairy 66 17 1 2 0 83 Sweet/fat 374
110 Whipped cream sweetened 49 2 0 2 1 513  Sweet/fat 142
266 Cake or large cakes 51 1 2 10 1 32 3 Sweet/fat 11.1
268 Wholemeal biscuit diet 36 5 1 10 1 21 3 Sweet/fat 2.7
270 Pastry 47 5 1 9 1 42 3 Sweet/fat 57
271 Bonbons or pralines 55 2 9 7 1 65 3 Sweet/fat 27.7
272 Chocolate bar 55 2 9 7 1 65 3 Sweet/fat 277
276 Candy Bars 63 3 4 9 1 52 3 Sweet/fat 211
279 Candies and sweets 48 17 2 3 0 15 3 Sweet/fat 26.2
40 Peanut butter, nuts and seeds paste 27 2 2 24 2 69 4 Fat 30.5
188 Dressing: oil / vinegar dressing 2 1 5 7 3 66 4 Fat 24.4
189 Halvanaise, half fat salad dressing 12 34 1 29 8 71 4 Fat 359
190 Mayonnaise 10 33 1 25 8 76 4  Fat 317
191 Other type of dressing 13 22 2 26 8 75 4 Fat 24.5
251 Mayonnaise added to diner meal 10 33 1 25 8 76 4 Fat 317
252 Halvanaise added to diner meal 12 34 1 29 8 714 Fat 359
288 Mayonnaise in addition to a snack 10 33 1 25 8 76 4 Fat 317
289 Halvanaise in addition to a snack 12 34 1 29 8 71 4 Fat 359
401 Butter 3 1 0 18 2 94 4 Fat 8.7
402 Butter product half fat 3 2 2 14 4 89 4 Fat 4.8
403 Margarine 3 2 1 13 3 89 4 Fat 6.1
404 Diet Margarine 3 2 2 10 3 87 4 Fat 8.0
405 Stanols Margarine 3 2 2 14 4 89 4 Fat 4.8
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Table C7 continued

Mean taste intensity

Item values (0-100) Cluster
= g

g 5 3 . & 5
# Name vg‘) 3 3 ﬁ % E # Name g
406 Margarine from a cup 3 3 1 12 2 84 4 Fat 7.2
407 Margarine from a packet 2 1 1 14 0 94 4 Fat 10.1
408 Diet Margarine 3 4 2 9 3 84 4 Fat 9.2
409 Stanols Margarine 3 2 2 14 4 89 4 Fat 4.8
410 Liquid margarine 3 2 1 13 2 88 4 Fat 6.1
411 Solid baking fat 4 3 2 16 10 91 4 Fat 6.7
412 Liquid baking fat 8 8 1 56 23 90 4 Fat 43.6
413 Olive oil 2 1 10 8 3 94 4 Fat 139
414 Other type of oil 3 2 2 11 4 90 4 Fat T4
415 Solid frying fat 3 2 2 14 4 89 4 Fat 4.8
416 Liquid frying fat 3 2 2 14 4 89 4 Fat 4.8
451 Butter (dinner meal) 3 1 0 18 2 93 4 Fat 8.2
452 Unknown type of fat on bread 3 2 1 13 3 89 4 Fat 59
453 Other type of fat on bread 4 3 3 19 7 90 4 Fat 4.8
454 Unknown type of baking fat 3 3 2 17 5 90 4 Fat 36
455 Other type of baking fat 3 2 2 13 4 89 4 Fat 5.4
456 Unknown type of baking fat for fish or meat 3 3 2 17 5 90 4 Fat 36
457 Other type of baking fat for fish or meat 3 2 2 13 4 89 4 Fat 5.8
458 Unknown type of frying fat 3 2 4 12 4 90 4  Fat 73
459 Other type of frying fat 3 3 1 17 5 89 4 Fat 33
28 20+ /30 + cheese spread 4 14 5 41 30 70 5 Salt/umami/fat 28.0
29 20+ /30 + cheese 7 16 2 40 18 46 5  Salt/umami/fat 8.7
30 48 + cheese spread 6 18 1 41 17 51 5  Salt/umami/fat 12.6
31 40 + or 48 + cheese 6 21 4 50 18 65 5  Salt/umami/fat 274
32 Other cheese (eg goat) 6 18 2 43 18 55 5  Salt/umami/fat 158
34 Liver products, meat sandwich filling 7 6 3 41 23 63 5  Salt/umami/fat 185
35 Ham, ham cured 6 6 1 47 26 40 5  Salt/umami/fat 14.7
36 Sausage sandwich filling, corned beef, roast beef 4 9 1 40 21 50 5  Salt/umami/fat 73
37 Bacon, pepperoni, bacon, salami 4 9 0 51 21 69 5 Salt/umami/fat 283
38 Other processed meat 6 7 2 43 23 58 5  Salt/umami/fat 14.7
114 Soup with legumes 6 8 2 40 22 40 5 Salt/umami/fat 82
115 Other soup 12 10 1 38 29 25 5  Salt/umami/fat 231
124 Ready to eat Italian meal 10 9 1 33 26 41 5 Salt/umami/fat 85
146 Stew 6 6 3 41 13 30 5 Salt/umami/fat 184
149 French fried potatoes not fried by yourself 9 3 0 15 7 415 Salt/umami/fat 24.9
150 French fried potatoes fried by yourself 9 3 0 15 7 42 5 Salt/umami/fat 25.0
193 Ready-bought fish 5 7 1 29 25 37 5 Salt/umami/fat 125
194 Fish sticks 5 6 1 34 23 41 5  Salt/umami/fat 73
195 Flounder, brill cod, saithe, haddock, tuna 4 9 2 25 22 29 5  Salt/umami/fat 20.0
196 Trout, plaice, salmon forel, swordfish 5 9 2 28 24 33 5  Salt/umami/fat 16.0
197 Seafood 5 8 1 29 25 33 5 Salt/umami/fat 16.1
198 Herring, mackerel, eel or salmon 4 8 2 28 24 33 5  Salt/umami/fat 163
199 Other fish 5 8 1 27 23 32 5 Salt/umami/fat 173
202 Piece Beer, pork steak, fried meat, skinless chicken 6 7 1 24 15 36 5 Salt/umami/fat 16.1
203 Blind finch, pork filet, chicken with skin 5 6 1 30 17 44 5  Salt/umami/fat 6.9
204 Hamburger, sausage, spare rips, shoulder 9 5 1 46 27 47 5  Salt/umami/fat 133
205 Sausage, pork belly 5 9 2 37 17 59 5  Salt/umami/fat 14.0
206 Roulades, chopped 5 5 1 32 17 50 5  Salt/umami/fat 7.8
208 Kipburger, chicken nuggets 7 3 1 35 21 49 5 Salt/umami/fat 7.0
209 Frikadel, croquette, bamibal 9 4 1 43 16 38 5  Salt/umami/fat 12.0
210 Other meat 5 6 1 31 17 48 5 Salt/umami/fat 6.8
245 Cheese added to dinner meal 6 18 1 41 17 51 5  Salt/umami/fat 123
248 Peanut sauce added to dinner meal 32 9 2 41 14 60 5 Salt/umami/fat 286
249 Other warm sauces added to dinner meal 22 21 2 29 21 29 5  Salt/umami/fat 253
254 Other sauces added to dinner meal 19 33 1 30 16 51 5  Salt/umami/fat 27.4
281 Mini snack-bar product 6 3 1 30 15 45 5 Salt/umami/fat 9.4
282 Frikadel, croquette 9 4 1 42 15 35 5  Salt/umami/fat 14.0
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Mean taste intensity

Item values (0-100) Cluster
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283 Meatball or hamburger 5 7 1 38 21 51 5 Salt/umami/fat 6.7
284 Kipburger or chicken nuggets 7 3 1 35 21 49 5  Salt/umami/fat 7.0
285 French fried potatoes 9 3 0 15 7 42 5  Salt/umami/fat 25.0
286 Sausages, or cheese sandwich 8 5 1 41 17 40 5  Salt/umami/fat 9.7
287 Other snacks like spring rolls or satay 15 5 1 36 24 47 5 Salt/umami/fat 8.7
291 Peanut sauce in addition to a snack 32 9 2 41 14 60 5 Salt/umami/fat 28.6
292 Other sauce 19 33 1 30 16 51 5  Salt/umami/fat 274
293 Chips 9 4 1 42 18 31 5 Salt/umami/fat 17.1
294 In-between cheese snack 6 18 1 41 17 51 5  Salt/umami/fat 12.3
295 In-between sausage snack 6 7 1 43 24 56 5  Salt/umami/fat 141
296 In-between toast with filling snack 6 11 3 45 23 63 5  Salt/umami/fat 20.3
88 Soy-based milk Missing
94 Soy-based milk Missing
99 Soy-based dessert Missing
108 Water ice Missing
187 Dressing: only natural vinegar dressing Missing
207 Kidney or liver products Missing
228 Vegetarian burger Missing
229 Other meat substitutes Missing
246 Cream added to dinner meal Missing

Table C8 Mean taste intensity values for the food items in the FFQ at 2 years and the classification into
taste clusters

Mean taste intensity

Item values (0-100) Cluster
= g
g 5 8 . é - é
# Name 3 3 5 & S5 &y Name s}
1 Corn or Rice waffles 3 0 1 701 4 4 Neutral 15.6
2 Rye bread 6 2 1 11 0 7 4 Neutral 11.8
3 Otherwise: biscuits, crispbread, crackers, 7 2 1 9 1 5 4 Neutral 126
breadsticks or multigrain waffles
4 Wholemeal or brown buns 4 2 2 12 0 8 4 Neutral 13.0
5 Malt or white buns 6 2 2 11 0 10 4 Neutral 10.2
6 Buns with currants or raisins 6 2 1 11 0 T 4 Neutral 11.8
7 Croissant 6 2 1 11 0 T 4 Neutral 11.8
8 Other croissants or buns 5 2 2 12 0 8 4 Neutral 123
9 Wholemeal or brown bread 4 2 2 12 0 8 4 Neutral 13.0
10 Malt or white bread 5 2 2 11 0 10 4 Neutral 11.0
11 Bread with currants and raisins 6 2 1 11 0 T4 Neutral 11.8
12 Otherbread 4 2 2 11 0 8 4 Neutral 126
37 Cooked eggs 5 2 1 10 8 26 4 Neutral 14.3
38 Fried eggs 5 2 1 10 8 26 4 Neutral 14.3
39 Cornflakes, rice Kries piers, rice flour 14 1 1 6 1 14 4 Neutral 4.4
40  Oatmeal 6 1 2 6 1 20 4 Neutral 8.6
41 Albona, Bambix, Biovim, Brinta, Nutrigan, 11 1 1 5 1 20 4 Neutral 6.5
Muesli
42 Other cereals 11 1 2 5 1 20 4 Neutral 6.4
43 BiobimLac?2 19 2 0 4 3 17 4 Neutral T4
44 BiobimLac3 19 2 0 4 3 17 4 Neutral 74
45 Bledena growth Danone milk 19 2 0 4 3 17 4 Neutral T4
46 Flexical 19 2 0 4 3 17 4 Neutral 74
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47 Friso 1 allergy care 19 2 0 4 3 17 4 Neutral 74
48  Friso 3 normal 19 2 0 4 3 17 4 Neutral 74
49 Neocate advance 19 2 0 4 3 17 4 Neutral 74
50  Nestle Toddler Milk BL 19 2 0 4 3 17 4 Neutral 74
51  Nestle Toddler Milk Vanilla 19 2 0 4 3 17 4 Neutral 74
52 Nestle NAN 2 19 2 0 4 3 17 4 Neutral 74
53 Nestlé NAN hypoallergenic 2 19 2 0 4 3 17 4 Neutral T4
54 Nutramigen 19 2 0 4 3 17 4 Neutral 74
55 Nutramigen 2 LGG 19 2 0 4 3 17 4 Neutral 74
56 Nutri-junior 19 2 0 4 3 17 4 Neutral 74
57 Nutrilon2 19 2 0 4 3 17 4 Neutral 74
58  Nutrilon3 19 2 0 4 3 17 4 Neutral T4
59 Nutrilon AR 2 19 2 0 4 3 17 4 Neutral 7.4
60  Nutrilon Forte 2 19 2 0 4 3 17 4 Neutral T4
61 Nutrilon Hypoallergenic 2 19 2 0 4 3 17 4 Neutral 74
62 Nutrilon Omneo 2 19 2 0 4 3 17 4 Neutral 74
63 Nutrilon Toddler Milk 19 2 0 4 3 17 4 Neutral T4
64 Nutrion Peptides 2 19 2 0 4 3 17 4 Neutral 74
65  Nutrilon Soya 2 19 2 0 4 3 17 4 Neutral 74
66  Peptide Junior 19 2 0 4 3 17 4 Neutral 74
67  Pregestimil 19 2 0 4 3 17 4 Neutral 74
68  Simical3 19 2 0 4 3 17T 4 Neutral 74
69  Otherinfant formula 19 2 0 4 3 17 4 Neutral T4
70 Missing type of infant formula 19 2 0 43 17 4 Neutral T4
71 Whole milk 12 4 1 31 2 4 Neutral 6.5
72 Semi-skimmed milk 12 4 1 31 20 4 Neutral 6.5
75 Other milk 12 4 1 31 20 4 Neutral 6.2
80  Unknown type of infant formula 27 2 5 31 24 4 Neutral 17.8
99 Coffee 2 9 63 3 1 4 4 Neutral 62.6
100 Tea 4 5 20 1 1 2 4 Neutral 24.2
101 Sugar added to tea 4 Neutral
105  Nestleinfant food meal 8 7 3 12 8 27 4 Neutral 14.9
106  Infantfood meal 12 months garden vegetables 8 7 3 12 8 27 4 Neutral 14.9
107 Infant food meal 12 months stew with chees 8 7 3 12 8 27 4 Neutral 14.9
108 Infant food meal 12 months red cabbage 8 7 3 12 8 27 4 Neutral 14.9
109 Infantfood meal 12 months risotto with 8 7 3 12 8 27 4 Neutral 14.9
tomato
110 Infant food meal 12 months pasta with ham 8 7 3 12 8 27 4 Neutral 14.9
and cheese
111 Infantfood meal 12 months other type 8 7 3 12 8 27 4 Neutral 14.9
112 Infant food meal 15 months without pasta 8 7 3 12 8 27 4 Neutral 14.9
113 Infantfood meal 15 months vegetable lasagna 8 7 3 12 8 27 4 Neutral 14.9
114 Infant food meal 15 months spaghetti 8 7 3 12 8 27 4 Neutral 149
bolognese
115 Infantfood meal 18 months vegetable dish 8 7 312 8 27 4 Neutral 149
116  Infant food meal 18 months spinach 8 7 3 12 8 21 4 Neutral 14.9
117 Infant food meal 18 months pasta 8 7 3 12 8 27 4 Neutral 14.9
118  Other kids meal 8 7 312 8 27 4 Neutral 14.9
124 Crepes or pancakes 15 2 1 8 2 35 4 Neutral 20.0
125 Pasta 3 2 1 31 16 4 Neutral 10.6
126 Multigrain Rice, couscous, bulgur, wheat or 7 1 2 4 1 8 4 Neutral 10.7
Tarly
127  Other types of rice 3 2 2 2 4 6 4 Neutral 14.5
128  Legumes 15 5 1 26 14 16 4 Neutral 224
129  Boiled potatoes 5 2 1 8 7 13 4 Neutral 9.0
130  Fried potatoes 5 2 1 8 7 13 4 Neutral 9.0
134 Boiled green beans or carrots 10 3 2 8 4 10 4 Neutral 6.0
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135  Boiled cauliflower 7 5 5 4 5 10 4 Neutral 8.9
136 Boiled curly kale 7 5 5 2 3 6 4 Neutral 12.1
137  Boiled spinach or leek 7 4 6 11 5 10 4 Neutral 9.7
138 Boiled other vegetables 9 15 5 6 5 10 4 Neutral 135
139  Stirred green beans or carrots 10 3 2 8 4 10 4 Neutral 6.0
140  Stirred cauliflower 7 5 5 4 5 10 4 Neutral 8.9
141 Stirred red pepper 14 11 3 2 4 9 4 Neutral 10.9
142 Stirred spinach or leek 7 4 6 11 5 10 4 Neutral 9.7
143 Stirred other vegetables 713 5 6 5 9 4 Neutral 12.9
144 Raw vegetables 7 9 5 4 3 5 4 Neutral 134
171 Walnuts in addition to warm meal 5 1 12 2 6 22 4 Neutral 14.7
172 Sunflower seeds in addition to warm meal 6 2 3 32 23 4 Neutral 10.7
182  Apple, banana, grapes, pear, currants, raisins 28 18 1 1 1 14 4 Neutral 22.4
or fruit compote
187  Water or diet (soft) drinks 4 7 8 1 1 4 4 Neutral 16.8
190  Small cookies 33 1 1 10 1 13 4 Neutral 21.1
192 Non-wholemeal biscuit food 30 1 0 8 1 17 4 Neutral 185
219 Walnuts (snack) 5 1 12 2 6 22 4 Neutral 14.7
36 Sandwich spread 19 45 1 24 13 36 3 Sweet/sour 25.1
73 Skimmed milk, buttermilk 6 37 1 5 2 243 Sweet/sour 19.8
78 Low fat chocolate milk, low fat yoghurtdrinks 32 27 1 4 1 29 3 Sweet/sour 16.3
87  Low-fatyogurt 2 66 2 31 2 3 Sweet/sour 374
89  Half-fat yogurt with fruit flavour 26 27 0 4 1 353 Sweet/sour 18.7
90  Half-fatyogurt 10 46 2 1 1 293 Sweet/sour 20.7
93  Full-fatyogurt 369 2 31 293 Sweet/sour 39.5
94 Unknown type of yogurt 24 32 2 31 343 Sweet/sour 157
180  Red sauces added to dinner meal 29 37 1 30 22 283 Sweet/sour 29.0
183  Kiwi, strawberries, orange 22 39 5 1 0 4 3 Sweet/sour 19.0
184  Other fruit 32 22 1 2 1 9 3 Sweet/sour 22.0
185 Applejuice 35 44 2 1 0 13 Sweet/sour 24.8
186  Other fruit juice 36 40 2 1 0 33 Sweet/sour 22.8
188  Regular soft drinks, juice and lemonade 55 26 3 3 0 4 3 Sweet/sour 37.5
216  Ketchup in addition to a snack 29 37 1 30 22 28 3 Sweet/sour 29.0
13 Gingerbread 41 2 3 9 1 225 Sweet/fat 194
33 Chocolate butter, chocolate confetti/flocks 61 3 6 7 1 545 Sweet/fat 20.5
35  Other sweet sandwich fillings 65 11 3 5 0 295 Sweet/fat 20.0
76 Full-fat chocolate milk 37 7 6 0 39 5 Sweet/fat 126
77 Half-fat chocolate milk, half- fat drinking 42 4 7 5 1 355 Sweet/fat 8.6
yoghurt
81 1-person infant dessert (eg Danone) 42 16 1 4 0 44 5 Sweet/fat 119
82  Semolina pudding 41 6 5 5 2 445 Sweet/fat 8.6
84 Mousse, pudding, full fruit curd 39 4 6 4 1 43 5 Sweet/fat 109
85  Oatmeal porridge 39 4 6 4 1 435 Sweet/fat 10.9
86  Low-fat yogurt with fruit flavour 41 23 1 2 1 345 Sweet/fat 18.7
88  Half-fat curd with fruit flavour 48 22 1 3 1 455 Sweet/fat 16.2
91  Full-fat yogurt with fruit flavour 40 28 1 4 1 425 Sweet/fat 224
92 Full-fat custard 34 3 4 3 1 40 5 Sweet/fat 14.6
95  Icecream 48 2 1 5 0 525 Sweet/fat 13.7
97  Added sugar or other confectionery to dairy 65 17 1 2 0 9 5 Sweet/fat 36.3
98  Whipped cream 49 2 0 2 1 515 Sweet/fat 14.2
189  Concentrated fruit syrup 57 17 0 1 0 45 Sweet/fat 37.9
191  Wholemeal biscuit diet 38 4 1 11 1 205 Sweet/fat 22.3
193  Cake or large cakes 46 2 1 9 1 27 5 Sweet/fat 13.8
194 Fruit pastry 40 3 1 10 1 245 Sweet/fat 185
195  Whipped cream pastry 48 3 0 7 1 515 Sweet/fat 133
196  Other pastry 41 2 1 9 1 315 Sweet/fat 12.8
197  Bonbons or pralines 55 2 9 7 1 635 Sweet/fat 25.7
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198  Small chocolate bar 54 2 9 7 1 655 Sweet/fat 277
199  Medium chocolate bar 54 2 9 7 1 655 Sweet/fat 217
200 Large chocolate bar 54 2 9 7 1 655 Sweet/fat 217
201  Minicandy bar 59 4 4 8 1 395 Sweet/fat 11.7
202 Medium candy bar 59 4 4 8§ 1 39 5 Sweet/fat 11.7
203 King size candy bar 59 4 4 8 1 395 Sweet/fat 117
204  Candies and sweets 48 16 2 4 0 16 5 Sweet/fat 24.5
14 Butter 3 1 0 18 2 94 2 Fat 8.7
15 Margarine 3 2 2 10 3 872 Fat 8.0
16 Diet Margarine 3 2 1 13 3 89 2 Fat 6.1
17 Stanols Margarine 3 2 2 14 4 89 2 Fat 4.8
18  Margarine from a packet 2 1 1 14 0 9% 2 Fat 10.1
19  Diet Margarine 3 4 2 9 3 84 2 Fat 9.2
20 Stanols Margarine 3 2 2 14 4 89 2 Fat 48
21 Margarine from a cup 3 3 1 12 2 84 2 Fat 7.2
22 Othertype of fat on bread 4 3 319 7 9 2 Fat 4.8
23 Unknown type of fat on bread 3 2 1 13 3 89 2 Fat 5.9
34 Peanut butter, nuts and seeds paste 27 2 2 24 2 69 2 Fat 30.5
146  Dressing: oil / vinegar dressing 2 1 5 7 3 66 2 Fat 244
147 Halvanaise, half fat salad dressing 12 34 2 30 8 70 2 Fat 36.4
148  Mayonnaise 10 33 1 25 8 76 2 Fat 317
149  Other type of dressing 9 27 2 23 7 712 Fat 28.3
178  Mayonnaise added to dinner meal 10 33 1 25 8 76 2 Fat 317
179 Halvanaise added to dinner meal 12 34 2 30 8 70 2 Fat 36.4
214 Mayonnaise in addition to a snack 10 33 1 25 8 76 2 Fat 317
215 Halvanaise in addition to a snack 12 34 2 30 8 70 2 Fat 36.4
226 Butter (eggs) 3 1 0 18 2 932 Fat 8.2
227  Margarine (eggs) 3 3 1 12 2 842 Fat 7.2
228  Diet Margarine (eggs) 3 4 2 9 3 8 2 Fat 9.2
229 Margarine from a packet (eggs) 2 1 1 14 0 9% 2 Fat 10.1
230  Stanols Margarine (eggs) 3 2 2 14 4 89 2 Fat 4.8
231 Liquid margarine (eggs) 3 2 1 13 2 8 2 Fat 6.1
232 Solid baking fat (eggs) 4 3 2 16 10 91 2 Fat 6.7
233 Liquid baking fat (eggs) 8 8 1 5 23 90 2 Fat 436
234 Olive oil (eggs) 2 1 10 8 3 942 Fat 13.9
235 Sunflower oil (eggs) 3 2 2 11 4 9 2 Fat T4
236 Other type of baking fat or oil (eggs) 3 2 2 13 4 89 2 Fat 5.4
237 Unknown type of baking fat or oil (eggs) 3 3 2 17 5 90 2 Fat 36
238  Butter (potatoes) 3 1 0 18 2 93 2 Fat 8.2
239 Margarine (potatoes) 3 3 1 12 2 84 2 Fat 7.2
240  Diet Margarine (potatoes) 3 4 2 9 3 84 2 Fat 9.2
241 Margarine from a packet (potatoes) 2 1 1 14 0 9% 2 Fat 10.1
242 Stanols Margarine (potatoes) 3 2 2 14 4 89 2 Fat 4.8
243 Liquid margarine (potatoes) 3 2 1 13 2 882 Fat 6.1
244 Solid baking fat (potatoes) 4 3 2 16 10 91 2 Fat 6.7
245 Liquid baking fat (potatoes) 8 8 1 5 23 90 2 Fat 436
246 Olive oil (potatoes) 2 1 10 8 3 942 Fat 139
247 Sunflower oil (potatoes) 3 2 2 11 4 90 2 Fat 74
248  Other type of baking fat or oil (potatoes) 3 2 2 13 4 89 2 Fat 5.4
249  Missing type of baking fat or oil (potatoes) 3 3 2 1T 5 90 2 Fat 3.6
250  Unknown type of baking fat or oil (potatoes) 3 3 2 17T 5 90 2 Fat 36
251 Olive oil (fried potatoes) 2 1 10 8 3 94 2 Fat 139
252 Sunflower oil (fried potatoes) 3 2 2 11 4 90 2 Fat 14
253 Solid frying fat (fried potatoes) 3 2 2 14 4 89 2 Fat 4.8
254 Liquid frying fat (fried potatoes) 3 2 2 14 4 89 2 Fat 4.8
255 Other type of frying fat (fried potatoes) 3 2 2 14 4 89 2 Fat 4.8
256 Unknown type of frying fat (fried potatoes) 3 2 4 12 4 90 2 Fat 73

181

Appendix C



Appendix C

Table C8 continued

Mean taste intensity

Item values (0-100) Cluster
Q
= o
# Name G 8 & § 5 oy Name [a)
257 Missing type of frying fat (fried potatoes) 3 2 4 12 4 9 2 Fat 7.3
258  Fatin addition to boiled vegetables 3 3 2 17 5 90 2 Fat 36
259  Butter (vegetables) 3 1 0 18 2 93 2 Fat 8.2
260 Margarine (vegetables) 3 3 1 12 2 842 Fat 72
261  Diet Margarine (vegetables) 3 4 2 9 3 84 2 Fat 9.2
262 Margarine from a packet (vegetables) 2 1 1 14 0 9% 2 Fat 10.1
263 Stanols Margarine (vegetables) 3 2 2 14 4 89 2 Fat 4.8
264 Liquid margarine (vegetables) 3 2 1 13 2 882 Fat 6.1
265  Solid baking fat (vegetables) 4 3 2 16 10 91 2 Fat 6.7
266  Liquid baking fat (vegetables) 8 8 1 56 23 90 2 Fat 43.6
267  Olive oil (vegetables) 2 1 10 8§ 3 9% 2 Fat 139
268  Sunflower oil (vegetables) 3 2 2 11 4 9 2 Fat 74
269  Other type of baking fat or oil (vegetables) 3 2 2 13 4 89 2 Fat 5.4
270 Unknown type of baking fat or oil (vegetables) 3 3 2 17 5 90 2 Fat 3.6
271  Baking fat for fish 3 2 2 13 4 89 2 Fat 5.4
272  Butter (meat) 3 1 0 18 2 932 Fat 8.2
273 Margarine (meat) 3 3 1 12 2 84 2 Fat 72
274 Diet Margarine (meat) 3 4 2 9 3 8 2 Fat 9.2
275  Margarine from a packet (meat) 2 1 1 4 0 94 2 Fat 10.1
276  Stanols Margarine (meat) 3 2 2 14 4 89 2 Fat 4.8
277 Liquid margarine (meat) 3 2 1 13 2 882 Fat 6.1
278  Solid baking fat (meat) 4 3 2 16 10 91 2 Fat 6.7
279  Liquid baking fat (meat) 8 8 1 5 23 90 2 Fat 43.6
280  Olive oil (meat) 2 1 10 8 3 942 Fat 139
281  Sunflower oil (meat) 3 2 2 11 4 90 2 Fat 74
282 Other type of baking fat or oil (meat) 3 2 2 13 4 892 Fat 58
283 Missing type of baking fat or oil (meat) 3 3 2 17 5 90 2 Fat 36
285 Solid frying fat (meat) 3 2 2 14 4 89 2 Fat 48
286 Liquid frying fat (meat) 3 2 2 14 4 89 2 Fat 4.8
287 Unknown type of baking fat or oil (meat) 3 3 2 17 5 9 2 Fat 36
288  Butter (meat replacers) 3 1 0 18 2 932 Fat 8.2
289  Margarine (meat replacers) 3 3 1 12 2 842 Fat 72
290 Diet Margarine (meat replacers) 3 4 2 9 3 84 2 Fat 9.2
291 Margarine from a packet (meat replacers) 2 1 1 14 0 9% 2 Fat 10.1
292  Stanols Margarine (meat replacers) 3 2 2 14 4 89 2 Fat 4.8
293  Liquid margarine (meat replacers) 3 2 1 13 2 882 Fat 6.1
294 Solid baking fat (meat replacers) 4 3 2 16 10 91 2 Fat 6.7
295  Liquid baking fat (meat replacers) 8 8 1 56 23 90 2 Fat 43.6
296  Olive oil (meat replacers) 2 1 10 8 3 9% 2 Fat 13.9
297  Sunflower oil (meat replacers) 3 2 2 11 4 90 2 Fat 74
298  Other type of baking fat or oil (meat replacers) 3 2 2 13 4 89 2 Fat 5.8
299  Missing type of baking fat or oil (meat 3 3 2 17T 5 90 2 Fat 36

replacers)
301  Solid frying fat (meat replacers) 3 2 2 14 4 89 2 Fat 4.8
302 Liquid frying fat (meat replacers) 3 2 2 14 4 89 2 Fat 4.8
303 Unknown type of baking fat or oil (meat 3 3 2 17 5 9 2 Fat 36
replacers)

304  Butter (gravy) 3 1 0 18 2 932 Fat 82
305 Margarine (gravy) 3 3 1 12 2 842 Fat 72
306 Diet Margarine (gravy) 3 4 2 9 3 84 2 Fat 9.2
307 Margarine from a packet (gravy) 2 1 1 14 0 9% 2 Fat 10.1
308  Stanols Margarine (gravy) 3 2 2 14 4 89 2 Fat 4.8
309  Liquid margarine (gravy) 3 2 1 13 2 882 Fat 6.1
310  Solid baking fat (gravy) 4 3 2 16 10 91 2 Fat 6.7
311  Liquid baking fat (gravy) 8 8 1 5 23 90 2 Fat 436
312 Olive oil (gravy) 2 1 10 8 3 94 2 Fat 139
313 Sunflower oil (gravy) 3 2 2 11 4 9 2 Fat 74
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314 Other type of baking fat or oil (gravy) 3 2 2 14 4 89 2 Fat 4.8
315 Missing type of baking fat or oil (gravy) 3 2 2 14 4 89 2 Fat 4.8
317 Solid frying fat (gravy) 3 2 2 14 4 89 2 Fat 4.8
318  Liquid frying fat (gravy) 3 2 2 14 4 89 2 Fat 4.8
319 Unknown type of baking fat or oil (gravy) 3 2 2 14 4 89 2 Fat 4.8
24 48+ cheese spread 6 18 1 41 17 51 1 Salt/umami/fat  12.5
25  40+or48+cheese 6 20 4 49 18 64 1 Salt/umami/fat  25.7
26 Luxury cheese 6 17 2 36 14 651 Salt/umami/fat 217
27 Other cheese (eg goat) 4 14 5 41 30 70 1 Salt/umami/fat ~ 28.0
28 Liver Products meat sandwich filling 7 6 3 41 24 62 1 Salt/umami/fat  18.1
29 Ham, ham, cured 7 6 1 45 25 41 1 Salt/umami/fat  12.4
30 Sausage sandwich filling, corned beef, roast 5 9 1 42 23 511 Salt/umami/fat 9.3
beef
31 Bacon, pepperoni, bacon, salami 3 13 1 48 20 60 1 Salt/umami/fat  20.1
32 Other processed meat 6 7 2 43 23 5 1 Salt/umami/fat  13.0
102 Soup with legumes 7 8 2 40 24 37 1 Salt/umami/fat  11.0
103 Soup with pasta and meat 1210 1 38 28 26 1  Salt/lumami/ffat 223
104 Othersoup 13 10 1 38 28 251 Salt/umami/fat 229
119 Springroll 11 6 1 36 26 511 Salt/umami/fat 9.2
120 Rice dishes 6 2 1 39 271 381 Salt/umami/fat 135
121 Bamidishes 6 2 1 39 271 381 Salt/umami/fat 135
122 Other Chinese dishes 6 2 1 39 21 381 Salt/umami/fat  13.5
123 Ready to eat Italian meal 9 11 0 29 25 371 Salt/umami/fat 125
131 Stew 6 6 3 41 13 30 1 Salt/umami/fat  18.4
132 Potato croquettes 9 3 0 15 7 411 Salt/umami/fat 249
133 Other fried potatoes 9 3 0 16 8 38 1 Salt/umami/fat 246
150  Ready-bought fish 5 4 1 32 27 48 1 Salt/umami/fat 104
151  Fish sticks 6 5 1 39 23 47 1 Salt/umami/fat 7.0
152 Flounder, brill cod, saithe, haddock, tuna 4 9 2 25 22 29 1  Salt/umami/fat  20.0
153 Trout, plaice, salmon forel, swordfish 5 9 2 28 24 331 Salt/umami/fat  16.0
154 Seafood 5 7 1 29 26 321 Salt/umami/fat 16.3
155  Herring, mackerel, eel or salmon 4 8 2 28 24 331 Salt/umami/fat  16.3
156  Other fish 6 5 1 37 24 47 1  Salt/umami/ffat 7.1
157  Piece Beer, pork steak, fried meat, skinless 5 7 1 25 16 37 1  Salt/umami/fat 14.6
chicken
158  Blind finch, pork filet, chicken with skin 6 7 1 30 18 43 1 Salt/umami/fat 7.0
159  Hamburger, sausage, spare rips, shoulder 6 12 1 48 28 55 1 Salt/umami/fat 182
160  Sausage, pork belly 5 4 1 29 15 47 1  Salt/umami/fat  10.4
161 Smoked sausage 5 11 2 38 17 60 1 Salt/umami/fat 149
162 Kromesky 5 7 1 40 19 52 1 Salt/umami/fat 8.9
163 Hamburger 6 5 1 36 20 49 1 Salt/umami/fat 5.6
165  Kipburger, chicken nuggets 7 3 1 35 21 49 1 Salt/umami/fat 7.0
166  Frikadel, croquette, bamibal 9 4 1 42 15 35 1  Salt/umami/fat  14.0
167  Other meat 5 7 1 32 17 49 1 Salt/umami/fat 6.2
173 Other types of nuts to dinner meal 13 2 4 19 8 37 1 Salt/umami/fat 235
174  Cheese added to dinner meal 6 18 1 41 17 51 1 Salt/umami/fat  12.3
176 Peanut sauce added to dinner meal 32 9 2 41 14 60 1 Salt/umami/fat  28.6
177 Other warm sauces added to dinner meal 24 20 2 31 20 341 Salt/umami/fat  22.7
181  Othersauces added to dinner meal 16 34 1 29 12 61 1 Salt/umami/fat ~ 32.0
205  Mini snack-bar product 6 3 1 30 15 45 1  Salt/umami/fat 9.4
206  Frikadel, croquette 9 4 1 42 15 35 1 Salt/umami/fat  14.0
207  Meatball or hamburger 5 7 1 38 21 51 1 Salt/umami/fat 6.7
208  Kipburger or chicken nuggets 7 3 1 35 21 49 1  Salt/umami/ffat 7.0
209  French fried potatoes 9 3 0 15 7 421 Salt/umami/fat ~ 25.0
210  Sausages, or cheese sandwich 9 6 1 38 19 311 Salt/umami/fat 153
211  Other small snacks like spring rolls or satay 11 6 1 36 26 51 1  Salt/umami/ffat 9.2
212 Other large snacks like spring rolls or satay 11 6 1 36 26 51 1  Salt/umami/ffat 9.2
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Appendix C

Table C8 continued

Mean taste intensity

Item values (0-100) Cluster
Q

= o
# Name G 8 & § 5 oy Name [a)
213 Other type of snack 9 4 1 42 15 351 Salt/umami/fat  14.0
217  Peanut sauce in addition to a snack 32 9 2 41 14 60 1  Salt/umami/fat  28.6
218 Othersauce 16 34 1 29 12 61 1 Salt/umami/fat  32.0
220  Other types of nuts in between 13 2 4 19 8 37 1  Salt/umami/fat 235
221 Chips 10 4 1 42 19 321 Salt/umami/fat 164
222 In-between cheese snack 6 18 1 41 17 51 1 Salt/umami/fat 123
223 In-between sausage snack 7 7 2 42 28 59 1  Salt/umami/ffat 17.2
224 Other types of meat in between 5 7 1 42 23 45 1 Salt/umami/fat 8.5
225 In-between toast with filling snack 7 7 3 40 20 61 1 Salt/umami/fat 163
74 Soy-based milk Missing
79 Soy-based drinks Missing
83  Soy-based dessert Missing
96  Waterice Missing
145 Dressing: only natural vinegar dressing Missing
164 Kidney or liver products Missing
168  Vegetarian burger Missing
169  Other meat substitutes Missing
170 Gravy Missing
175 Room added to dinner meal Missing

184



Appendix D



Appendix D

Supplementary tables

Chapter 5: Dietary taste patterns by sex and weight status in the
Netherlands

186



Supplementary tables

d xipusaddy

M~
144 TC 1€ S20Us AinoAbS @
s 1T 8 Spoas pue SN
Syoeus
SOAIJO PUD SINU ‘S)NJH Jelnan, 9 e} iwewn qes, ¢ AINOABS puB Spaas ‘SINN- GT
V/N v/N T V/N spnpoid foS T
T 4 14 weald-00|
A1pU0i329JU00 pUD IDHNS
6T 6T 6 s3uippnd ‘suassep weai)
S 4 € sassins synad Ouelq 98ew ol
174 9C ST N30,
S 0t 9 sa8elanag JIn
9 S 14 AN
spnpoid fipg  JeANaN, P N0S 7R 199MS, 18} 9 199MS, € spnposd yjiw pue iy - €T
V/N v/N T V/N seoids puesqueH 7T
oy 1€ 91 JBANSN,® e, ‘1ellwewn es, ¢ 9seayd 1T
€ € € ANos19aMS, 7 34, ¢ spealds yoimpues AInones QT
Tet G6 yAS Jonig,p JN0S 1R 123MS, ‘|eneN, € sajqe1adan 6
Sy 0€ €T 1B} 7R199MS, 79 JBANBN, ¢ S3onpoud |easad pue sjesss) 8
S9 68 8y JeaNaN,® 1B} 3 19ams, ¢ S}N2SIg pue saxe) ‘Aised /
89 9 6T JB) 9 199MS, 73, |RIINDN, (UNOS R 12aMS, € N4 9
L € T JenneN, T s333 S
v/N v/N T V/N SaleEREEI YRS 4
99 184 [43 JeJ:109MS, % |JelINBN, ¢ pealg €
8 L T Apueiq ‘syuds
14 ¥ € JapId Useg
0 0 ¥ SUIM
SHULp J1j04ooly
sdnuAs pain|ip ‘syuLp 21u03os|
8 86 €€ /140s/pa1euodued % saoin 9)qe1adan pue 3ni4
S 9 € SI1BM
0 0 4 B3]
T LT 0t 990D
Sea] |equay pue e} ‘930)
SYULIP 21]0L00]D-UON JelInaN, B Jonig, UNoS’I9ams, € SYuLp oljoyodje (-UoN) ¢
TC €T oL JelInaN,® 1. lwewn qes, ¢ $9018104 T
snjdON S24Nd Spooy sdnoi3 pooyqns
SOPOJ0ASU PaISAIUN #  PI|IJoId # -qns 121qoqo|9 sdnoi3 pooygns 121qoqol9 sia1sn|d alse] # sdnoi3 poo4 OAIN

'SPOOJ PaISaUN 0} sanjeA AJisuaiul a3sey ueaw udisse 03 sdno.d pooyqns (-gns) 1210oqol9 Jo ash pue uonedyisseld dnoud pooy OAIN Td 3[qPL



JUSIU0D WNIPOS PUB JUSLINUOIDBLI U SDIILIB)IWIS UO PASE] SPOO) PaIsaiun LM auo-Ag-auo paydiep . ‘dnoi8 pooj OAIN Ul spooy Sujuieway ;

61T 08 €5 s1onpo.d paw oo
Aiynod
S L T Ai3jnod Jed, 73 |eJINON, 1By g lWewn ‘qes, € pue spnpoud jeaw ‘yesp €7
Jnos
6€ SC v 199MS, 73 |BINSN, ‘JB) 7R IWeWwn 9jes, € ysl4 ¢
S90Nes JaL30
8T 1S € pue paljissepun
SEN
9 0T [ pue sasieuuofeyy
¥ A z saones guissaiq
€ S € S9ONES 01eWO|
590NDS
saones
9¢ € TC 104 JNOS7RIB2MS, 79 JBj 7R IWewn 1)es, ‘1e4, ¢ Ainones pue sjio ‘1e4 g
S90Nes 19aMs pue speaids
1474 yA4 1€ JBAN3BN, UNOS 7R 18BMS, (18) 12 188MS, € 199Ms ‘s19ams 4e8ns 0z
14 91 6 Jejgiwewn qes, T sdnos 6T
Jnos
[44 €T 8 9 199MS, 79, |RIIN3N, 1B} 73 lewn Qjes, ¢ SaysIp paxiN 8T
V/N W/N V/N V/N suoneledaid T
0T € 4 JenneN, 1 sesind 91
sn|dON S24Nd Spoo} sdnoJ3 pooygns
SOPOJOASU PRISAIUN #  PI|JOId # -qns 391q0qo|9 sdnoJ3 pooygns 3121qoqo|n SI9)SN|D 1Sk # sdnoi3 poo4 OAIN

Appendix D

panuNuod T AIqDL

188



Supplementary tables

Table D2 Mean taste intensity values for the 14 NEVO and 20 GloboDiet food groups and the classification

into taste clusters

NEVO GloboDiet

Mean taste intensity values (0-100) Cluster

(o8 Q

3 3

5 5 w0 . . £

8 8 o = ¢ 5 g = g

€ € @ & Foodgroupname 5 8 & 8 5 B s Name

3 Bread 9 3 2 13 1 11 2 Neutral

5 Eggs 5 2 1 10 8 26 2 Neutral

6 Fruit 30 22 2 3 2 10 3 Sweet/sour

7 Pastry, Cakes and Biscuits 46 3 2 10 1 31 5  Sweet/fat

8 Cereals and cereal products 18 2 2 8 1 11 2 Neutral

9 Vegetables 9 9 6 5 4 8 2 Neutral

10 Savoury sandwich spreads 23 17 2 21 8 57 1 Fat

11 Cheese 6 19 3 37 19 60 4 Salt/umami/fat

15 Nuts, seeds and savoury snacks 11 4 1 40 17 34 4 Salt/umami/fat

16 Pulses 13 4 2 24 13 15 2 Neutral

19 Soups 11 9 1 41 28 26 4 Salt/umami/fat

20 Sugar, sweets, sweet spreads 58 4 5 9 1 41 5 Sweet/fat
and sweet sauces

22 Fish 4 13 2 31 26 36 4 Salt/umami/fat

23 Meat, meat products and 6 7 1 39 21 50 4 Salt/umami/fat
poultry

15 4 2 Nuts and seeds 13 2 4 19 8 37T 2 Neutral

13 5 1 Milk 11 13 1 3 1 21 2 Neutral

13 5 2 Milk beverages 39 6 5 5 1 27 5  Sweet/fat

13 5 3 Yogurt 30 34 2 3 1 31 3 Sweet/sour

13 5 4 Fromage blanc and petits 26 34 1 2 1 39 3 Sweet/sour
suisses

13 5 6 Cream desserts and puddings 43 3 5 4 1 47 5 Sweet/fat

20 11 5 1 Icecream 46 2 3 6 1 51 5 Sweet/fat

2 13 0/1/2 Non-alcoholic beverages 42 30 4 3 1 4 3 Sweet/sour

2 13 4 Waters 1 6 8 1 1 4 2 Neutral

2 14 1 Wine 12 43 25 1 1 1 3 Sweet/sour

2 14 3 Beer and cider 7 17 52 2 1 1 6 Bitter

2 14 4 Spirits and brandy 22 13 25 2 1 4 6 Bitter

23 7 2 1 Chickenand hen 6 7 1 18 13 29 2 Neutral

2110 Fat and oils 3 2 2 13 4 8 1 Fat

2 13 3 1 Coffee 11 6 51 2 1 7 6 Bitter

2 13 3 2 Tea 12 5 18 1 1 2 2 Neutral

21 15 1 0  Unclassified sauces 15 16 2 47 23 55 4 Salt/umami/fat

21 15 1 1 Tomato sauces 26 29 1 34 26 30 4 Salt/umami/fat

21 15 1 2 Dressing sauces 13 49 2 41 13 66 1 Fat

21 15 1 3 Mayonnaises and similars 12 3 1 28 9 73 1 Fat
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Supplementary tables

Table D4 Percentage of total energy intake (mean+SD) from each taste group based on cluster analyses
stratified by gender, age, BMI and educational level, and averaged over 2 days of 24h recalls in the Dutch
National Food Consumption Survey and for tested foods only*.

Percentage of energy from taste clusters

Fat Sweet/ Neutral Sweet/ Bitter Salt/
sour fat umami/fat

Men (n=687) 1147 10+8% 38412 11+9% 8+10 23£117%
Age (years)

19-30 (N=343) 1147 11+8° 37+13 10+9° 7+10 24+11°

30-50 (N=344) 10+7 9470 39+11 12490 849 21+11%
BMI (kg/m?)

18.5-25.0 (normal, N=363) 1147 1148 38+12 1249 8+10 21+11°

25-30 (overweight, N=244) 10+7 1047 37412 1149 8+10 24+11%

>30 (obese, N=80) 10+6 9+7 40412 948 549 26+11%
Education (highest)

Low (1-3, N=186) 1048 1048 3712 1249 79 24413

Medium (4-5, N=351) 1147 1048 37412 1149 9+11 23410

High (6-7, N=150) 1046 1147 40+12 1149 6+8 22411
Women (n=664) 1016 13+9™ 41+13% 14410 3467 20+117%
Age (years)

19-30 (N=323) 9+6 14+10° 40+13 13411 316 21+11

30-50 (N=341) 10+6 12490 41412 14410 3+6 20+11
BMI (kg/m?)

18.5-25.0 (normal, N=351) 1047 1449% 40413 14410 3+6 19+11°

25-30 (overweight, N=173) 916 13+9°" 41+13 13410 345 21+12%

>30 (obese, N=140) 1047 1149° 42412 13410 348 23+10%
Education (highest)

Low (1-3,N=183) 1046 1349 39+13 14411 3+7 21+11

Medium (4-5, N=336) 10+6 1349 41413 13410 3+6 20411

High (6-7, N=145) 1016 1349 42+12 14+10 3+6 20+10

! MANCOVA, multivariate ANCOVA was performed including all tastes and subgroups. If the overall effect
was significant (p<0.05), ANCOVA was used to compare subgroups within each taste group (p<0.05,
Bonferroni corrected). For age and gender, independent samples t-tests were used (p<0.05, Bonferroni
corrected). Models for gender were adjusted for age, BMI and education; models for age were adjusted
for BMI and education; models for BMI were adjusted for age and education; models for education were
adjusted for age and BMI. > Superscript letters indicate significant differences, same letters indicate no
significant difference between mean values. * Indicates significant difference between men and women. t

p<0.05, 1 p<0.01, ¥ p<0.001.
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Table D5 Percentage of total energy intake (mean+SD) from each taste group based on cluster analyses
stratified by gender, age, BMI and educational level, and averaged over 2 days of 24h recalls in the NQplus
study and for tested foods only".

Percentage of energy from taste clusters

Fat Sweet/ Neutral Sweet/fat Bitter Salt/
sour umami/
fat
Men (n=498) 1047 11477 40413 14410 949 17410
Age (years)
20-30 (N=19) 10£10 1148 41412 1047 8+10% 20412
30-50 (N=127) 1047 1148 42+13 13410 782 18+10
51+ (N=352) 1046 1147 39+13 14410 10+£10% 1610
BMI (kg/m?)
18.5-25.0 (normal, N=185) 946 1147 40412 15+10° 948 1649
25-30 (overweight, N=243) 107 1148 39+13 13+10% 1049 17+11
>30 (obese, N=70) 1146 1047 41413 1148 8+10 19+10
Education (highest)
Low (1-3, N=30) 9+6 9+6 42413 1548 949 1749
Medium (4-5, N=134) 946 1248 40+13 14410 849 17+11
High (6-7, N=334) 1047 1147 40412 13+10 949 17+10
Women (n=449) 1147 138" 40+13 164117 445% 1611
Age (years)
20-30 (N=48) 9+7 1347 41413 18413 2+3% 17411
30-50 (N=159) 1147 1249 41413 18412 3+4%* 16+11
51+ (n=242) 1147 1448 39+12 15411 5+6° 16+10
BMI (kg/m?)
18.5-25.0 (normal, N=245) 1148° 1348 40+12 17412 445 15+11°
25-30 (overweight, N=144) 9+6°! 1449 40+13 16411 445 16+10%
>30 (obese, N=60) 1046 1249 39+13 16412 345 20+12°
Education (highest)
Low (1-3, N=25) 1048 1248 43+15 17412 345 1613
Medium (4-5, N=147) 1147 1449 40+13 17+11 3+4 16+11
High (6-7, N=277) 1147 1348 39+12 16412 446 16+10

MANCOVA, multivariate ANCOVA was performed including all tastes and subgroups. If the overall effect was
significant (p<0.05), ANCOVA was used to compare subgroups within each taste group (p<0.05, Bonferroni
corrected). For gender independent samples t-tests were used (p<0.05, Bonferroni corrected). Models for
gender were adjusted for age, BMI and education; models for age were adjusted for BMI and education;
models for BMI were adjusted for age and education; models for education were adjusted for age and
BMI. *® Superscript letters indicate significant differences, same letters indicate no significant difference
between mean values. " Indicates significant difference between men and women. T p<0.05, 1 p<0.01, ¥
p<0.001.
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Table D6 Percentage of total energy intake (mean+SD) from each taste group based on cluster analyses
stratified by gender, age, BMI and educational level, and averaged over 2 days of 24h recalls in the Dutch
National Food Consumption Survey and for accurate and high energy reporters only.

Percentage of energy from taste clusters

Fat Sweet/ Neutral Sweet/ Bitter Salt/
sour fat umami/fat

Men (n=381) 1146 1047 33+1071 1349 949 2449
Age (years)

19-30 (N=201) 1146 1148 32+11 1249 8+9 2449

30-50 (N=180) 1146 946" 3349 1548 9+8 2319
BMI (kg/m?)

18.5-25.0 (normal, N=243) 1146 1047 33+10 1449 818 23+9°

>25 (overweight/obese, N=138) 1146 9+6 32+11 1249 1049 25+9°7
Education (highest)

Low (1-3,N=110) 1147 1048 33+10 1349 8+9 24+10

Medium (4-5, N=201) 1146 10£7 32410 1449 949 2449

High (6-7, N=70) 1145 1045 34+10 1449 8+9 22+10
Women (n=309) 1146 1348 3541071 17410 3457 219"
Age (years)

19-30 (N=141) 1146 1448 33+10° 17410 3+52 2249

30-50 (N=168) 1146 12+8% 36+10° 16+10 446° 2149
BMI (kg/m?)

18.5-25.0 (normal, N=200) 1146 1348 35+11 17+10 36 20492

>25 (overweight/obese, N=109) 1146 1248 3348 1649 345 24495
Education (highest)

Low (1-3, N=82) 1146 1348 33+10 18+11 445 2249

Medium (4-5, N=157) 1147 1348 35+10 1649 415 2149

High (6-7,N=70) 1145 1247 36+10 1849 345 2149

'MANCOVA, multivariate ANCOVA was performed including all tastes and subgroups. If the overall effect was
significant (p<0.05), ANCOVA was used to compare subgroups within each taste group (p<0.05, Bonferroni
corrected). For age, BMI and gender, independent samples t-tests were used (p<0.05, Bonferroni corrected).
Models for gender were adjusted for age, BMI and education; models for age were adjusted for BMI and
education; models for BMI were adjusted for age and education; models for education were adjusted for
age and BMI. 2* Superscript letters indicate significant differences, same letters indicate no significant
difference between mean values. " Indicates significant difference between men and women. 1 p<0.05, §

p<0.01, ¥ p<0.001.
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Table D7 Percentage of total energy intake (mean+SD) from each taste group based on cluster analyses
stratified by gender, age, BMI and educational level, and averaged over 2 days of 24h recalls in the NQplus
study and for accurate and high energy reporters only'.

Percentage of energy from taste clusters

Fat Sweet/ Neutral Sweet/fat Bitter Salt/
sour umami/
fat
Men (n=197) 8+4 1046 3849 1549 T+6 2249
Age (years)
20-30 (N=12) 1047 9+6 3448 1448 849 25+13
30-50 (N=47) 945 1147 4048 1347 5+5 237
51+ (N=138) 8+4 1045 3849 1549 76 2249
BMI (kg/m?)
18.5-25.0 (normal, N=104) 8+4 1046 3948 1549 616 2248
>25 (overweight/obese, N=93) 9+5 1045 3749 1449 8+6 24+10
Education (highest)
Low (1-3,N=12) 8+5 845 3949 1648 545 24+10
Medium (4-5, N=53) 8+4 1046 38+8 1549 6+7 2348
High (6-7,N=132) 8+4 1045 3849 1449 7+6 2249
Women (n=227) 9+5 1246 38+10 1649 4447 21+10
Age (years)
20-30 (N=27) 8+5 1145% 42411 1648 2422 2249
30-50 (N=79) 945 10+5° 3949 1849 3+4% 21+10
51+ (n=121) 9+5 13465 38+10 1649 44401 2149
BMI (kg/m?)
18.5-25.0 (normal, N=160) 9+5 1245 40410 1649 3442 20+10°
>25 (overweight/obese, N=67) 8+4 1246 37+10 169 44401 239"
Education (highest)
Low (1-3,N=12) 7+4 1146 444971 17410 2+4 1947%°
Medium (4-5, N=56) 106 1246 36+9° 168 3+4 25+10°
High (6-7, N=159) 945 1245 39+107 1649 444 209"

MANCOVA, multivariate ANCOVA was performed including all tastes and subgroups. If the overall effect was
significant (p<0.05), ANCOVA was used to compare subgroups within each taste group (p<0.05, Bonferroni
corrected). For gender independent samples t-tests were used (p<0.05, Bonferroni corrected). Models for
gender were adjusted for age, BMI and education; models for age were adjusted for BMI and education;
models for BMI were adjusted for age and education; models for education were adjusted for age and
BMI. 2> Superscript letters indicate significant differences, same letters indicate no significant difference
between mean values. " Indicates significant difference between men and women. T p<0.05, 1 p<0.01, ¥
p<0.001.
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Table D8 Percentage of total energy intake (mean+SD) from each taste group based on cluster analyses
stratified by gender, age, BMI and educational level, and averaged over 2 days of 24h recalls in the Dutch
National Food Consumption Survey excluding low and high energy reporters at the individual level.

Percentage of energy from taste clusters

Fat Sweet/ Neutral Sweet/ Bitter Salt/
sour Fat umami/fat

Men (n=617) 1146 1047 34+10% 13+9™ 8+8™ 24+9
Age (years)

19-30 (n=312) 1146 117 34411 12+9° 7+8° 25+9°

30-50 (n=305) 1146 946" 3549 1448 948t 2349
BMI (kg/m?)

18.5-25.0 (normal, n=340) 1146 1047 35+10 1449 818 23497

25-30 (overweight, n=219) 1146 107 34+10 1348 8+8 25492

>30 (obese n=58) 1146 9+6 35410 1148 6+8 26+10°7
Education (highest)

Low (1-3,n=165) 1147 1047 34+10 1349 7+8 24+10

Medium (4-5, n=319) 1146 1047 34+10 1349 849 24+9

High (6-7, n=133) 1145 11+6 3619 1349 6+7 23+10
Women (n=570) 10+6™ 12+8% 37+11% 16+10% 345 21+10™
Age (years)

19-30 (n=265) 1046 13+8° 36+11 16+10 3457 21410

30-50 (n=305) 1046 1148% 37+11 1649 446 2149
BMI (kg/m?)

18.5-25.0 (normal, n=328) 1046 13487 37+11 17410 445 20+10°

25-30 (overweight, n=144) 105 13+8° 36+10 1549 345 23+10°

>30 (obese, n=98) 1146 10+7°" 38+11 16+10 345 23+8%
Education (highest)

Low (1-3,n=157) 1146 1248 35411 16+10 446 23+10

Medium (4-5, n=283) 1046 1348 37+11 16410 345 21410

High (6-7,n=130) 10+6 1247 38+11 17+10 3+4 2049

'MANCOVA, multivariate ANCOVA was performed including all tastes and subgroups. If the overall effect was
significant (p<0.05), ANCOVA was used to compare subgroups within each taste group (p<0.05, Bonferroni
corrected). For age and gender, independent samples t-tests were used (p<0.05, Bonferroni corrected).
Models for gender were adjusted for age, BMI and education; models for age were adjusted for BMI and
education; models for BMI were adjusted for age and education; models for education were adjusted for
age and BMI. #® Superscript letters indicate significant differences, same letters indicate no significant
difference between mean values. " Indicates significant difference between men and women. T p<0.05, §
p<0.01, ¥ p<0.001.
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Table D9 Percentage of total energy intake (mean+SD) from each taste group based on cluster analyses
stratified by gender, age, BMI and educational level, and averaged over 2 days of 24h recalls in the NQplus

study excluding low and high energy reporters at the individual level.

Percentage of energy from taste clusters

Fat Sweet/ Neutral Sweet/fat Bitter Salt/
sour umami/
fat
Men (n=431) 8+4 1046 3949 13487 T+6™ 2397
Age (years)
20-30 (n=19) 816 11+6 3617 1147 6+8% 27+11
30-50 (n=107) 8+5 9+6 3948 1348 6+5% 24+9
51+ (n=305) 8+4 10+6 38410 1349 8470 2249
BMI (kg/m?)
18.5-25.0 (normal, n=175) 8+4 1046 40497 1449 746 21497
25-30 (overweight, n=206) 8+5 10+6 37+10% 1348 8+7 24+10°
>30 (obese, n=50) 9+4 9+6 36491 1046 816 27+8
Education (highest)
Low (1-3,n=23) 8+4 T+4 3849 1547 77 2549
Medium (4-5, n=115) 8+4 10+6 3849 1348 746 24+9
High (6-7, n=293) 8+4 106 38+10 1348 816 2349
Women (n=391) 8+5 12467 39+10 1549 4247 224107
Age (years)
20-30 (n=38) 75 1245 41410 1548 1429 2449
30-50 (n=135) 8+5 11+7 4049 17+10 344° 2149
51+ (n=218) 9+5 136 38+10 1448 4445 22+10
BMI (kg/m?)
18.5-25.0 (normal, n=231) 9+52 12+6 40+10 1549 3+4 20+10°
25-30 (overweight, n=115) T+401 1246 38410 1649 4+4 239
>30 (obese, n=45) 9420 1246 37+8 1649 445 24+9%°
Education (highest)
Low (1-3, n=20) 8+5 11+6 43410 1449 2+4 2249
Medium (4-5, n=125) 945 12+7 38+10 1649 343 22+10
High (6-7, n=246) 845 1246 3949 1549 4+4 2149

EMANCOVA, multivariate ANCOVA was performed including all tastes and subgroups. If the overall effect was
significant (p<0.05), ANCOVA was used to compare subgroups within each taste group (p<0.05, Bonferroni
corrected). For gender independent samples t-tests were used (p<0.05, Bonferroni corrected). Models for
gender were adjusted for age, BMI and education; models for age were adjusted for BMI and education;
models for BMI were adjusted for age and education; models for education were adjusted for age and
BMI. ® Superscript letters indicate significant differences, same letters indicate no significant difference
between mean values. " Indicates significant difference between men and women. T p<0.05, 1 p<0.01, ¥

p<0.001.
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1) If 2 or more taste clusters in a tested NEVO food group:
GlohoDiet subfood groups were considered to increase
sensory homogeneity of food groups.

1a) If only 1 taste cluster in a tested GloboDiet
subfood group:

The mean taste intensity values of tested foods
within this subfood group were matched with
untested foods within this subfood group.

1b) If 2 or more taste clusters in a tested
GloboDiet subfood group:

GlobaDiet sub- subfood groups were
considered to increase sensory homogeneity

of food groups.

\

1b1) If 2 or more taste clustersina

1b2) If only 1 taste cluster in a tested

tested GloboDiet sub- subfood
roup:
The sensory homogeneity of
GlobaDiet sub & sub- subfood groups
were compared: % of tested foods
helonging to the largest taste cluster
within that food group. The most
homogeneous classification was used
for matching of mean taste intensity
values with untested foods.

GlohoDiet sub- subfood group:

The mean taste intensity values of
tested foods within this sub- subfood
group were matched with untested
foods within this sub- subfood group.

Figure D1 Decision tree for assigning mean taste intensity values to untested foods. The level of sensory
homogeneity was defined using cluster analyses on tested foods’ taste intensity values.

Main meals
100+

Snacking occasions

Figure D2 Mean (and SD) percentage of energy from each taste cluster for main meals' and snacking

occasions? separately, shown for the NQplus study (Ntotal=944).

'Breakfast (E23), n=938; lunch (E23), n=932; dinner (Ill), n=943. *During the morning (E=3), n=907;

during the afternoon (E2), n=919; during the evening ([llll), n=905.
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Supplementary tables
Chapter 6: Dietary taste patterns of diets based on Dutch dietary

guidelines, a Mediterranean diet, a Paleo diet and diet quality
compared with current Dutch dietary patterns in women
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