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Centre des Sciences du Goût et de l’Alimentation, AgroSup Dijon, CNRS, INRAE, Université Bourgogne Franche-Comté,

Dijon, France

Consuming foods with a form or a texture that requires longer oral processing is a way

to decrease food intake. Although this approach is promising for leveraging healthier

eating patterns in adults, it has never been explored in children. This study evaluated

whether starting a mid-afternoon snack by eating either apple segments or applesauce

would modify hunger and subsequent food intake during this meal. Forty-four children

(8–10 years old) participated in two videotaped mid-afternoon snacks, during which

they received one of the two forms of apple as a food preload followed 10min later

by ad libitum consumption of sweetened cottage cheese. They self-reported their level

of hunger throughout consumption, and the weight of cottage cheese consumed was

determined at the end of the snack. Children’s chewing capabilities and eating traits were

parent-reported. Eating a raw apple increased oral exposure time and decreased bite size

compared to eating applesauce. However, neither the reported hunger nor consecutive

food intake were modified. Regardless of the meal, children eating fast had a higher ad

libitum energy intake. The individual eating rate for the cottage cheese was correlated

with the eating rate observed for applesauce but not for apple segments, the latter being

associated with children’s chewing difficulties. This study suggests that the form of a fruit

offered at the start of a mid-afternoon snack does not impact food intake; the findings

clearly call for more exploration of satiation mechanisms related to food texture properties

among children and indicate the need to consider children’s oral processing skills.

Keywords: food texture, preload paradigm, Food Oral Processing, satiation, CEBQ, eating rate, eating behavior,

mastication

INTRODUCTION

Childhood obesity is a public health concern in all regions of the world: “over 340 million
children and adolescents aged 5–19 years old were overweight or obese in 2016” (1). Researchers,
governmental policy makers, and food industries have the responsibility to think about new
strategies to leverage healthier eating behaviors and decrease energy intake and, in turn, weight
gain in children.

In adults, there is strong evidence that food oral processing should be considered as a
determinant of food intake. Manipulations of food texture in such a way that decreases bite size
and/or increases chewing per bite (and thus oral exposure time) yield a decrease in intake of these
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foods (2). It has been suggested that a 20% reduction in eating rate
(g/min) is necessary to reach a 10–15% energy intake reduction
(3). Thus, a large set of studies investigated the efficiency of
changing food form, textural properties, textural complexity, or
shape in reducing intake [see many reviews for details: (2, 4–10)].
Large effects are usually observed when the food form is modified
(i.e., from liquid to semisolid) (2). Interestingly, changing the
food form has also been found to impact the intake of other
foods eaten during the same meal (and yet a meal is often a
combination of several dishes). In their study, Flood-Obbagy
and Rolls (11) used a preload paradigm and tested the effect
of starting a meal by consuming apple offered as juice (liquid),
juice with added fiber (liquid), applesauce (semisolid), and apple
segments (solid) (all forms being matched for energy content,
weight, energy density, and ingestion rate) on subsequent ad
libitum energy intake at the same meal. They observed that
apple segments reduced the subsequent food intake more than
applesauce or apple juice. This suggests that offering fruit (which
is advocated in children) with a different form (raw rather
than pureed or as a juice) might be a way to decrease the
consumption of other foods offered within the same meal and,
in turn, to reduce energy intake. However, although research on
the impact of manipulation of food oral processing (though a
manipulation of the food texture or the food form) on intake
has been widely investigated in adults, very few studies have
explored this in children. These studies suggest that the shape
and serving size of a vegetable (whole vs. diced carrots) play a
role in ad libitum intake (12, 13). More research is warranted
with child-tailored paradigms, especially on the potential of food
manipulations inducing changes in food oral processing for
preventing overconsumption during a meal.

Food liking and familiarity are strong drivers of food intake
in children (14). Changes in food texture affect acceptance in
3- to 4-year-old children (15) and preference in school-aged
children (16). In addition to food liking, food familiarity, and
texture acceptance, individual oral processing skills and behavior
during a meal are other individual determinants of food intake,
particularly through the induced eating rate. Among 4.5-year-old
children enrolled in the GUSTO Singaporean cohort, children
described as “fast eaters” had a larger average bite size, fewer
chews per gram of food, and higher energy intake than children
who were “slow eaters” (17, 18). Interestingly, overweight
children were more likely to be characterized as “fast eaters” (17).
In addition, another study showed that the number of mouthfuls
of food/minute observed at 4 years predicted changes in body
mass index (BMI) from 4 to 6 years, suggesting that a rapid
eating style may be a behavioral marker for the development
of childhood obesity (19). Certainly, the development of
masticatory efficiency and changes in oral physiology occurring
during childhood play a role in the individual eating rate and
the ability to cope with more or less complex textured foods.
Indeed, between 6 and 10 years, changes in jaw displacements,

Abbreviations: BMI, body mass index; VAS, visual analog scale; ED, energy
density; EI, energy intake; SR, satiety responsiveness; SE, slowness in eating; EF,
enjoyment of food; FR, food responsiveness; FF, food fussiness; CEBQ, Child eating
behavior questionnaire; ECC, early childhood caries.

dentition stage (early mixed dentition), and development of bite
force influence the masticatory behavior of children (20). Some
childrenmight encounter chewing difficulties when eating harder
foods, for example. Pioneering work from Linas and colleagues
(21, 22) reported that children presenting early childhood caries
(ECC) have more eating difficulties and produce a reduced
breakdown of hard foods in the oral cavity (as assessed from the
granulometry of their food bolus collected at swallowing). Less
information is available about the variability in oral processing
behaviors among children with healthy dentition and how this
can influence eating rate during a meal. Finally, children’s eating
rate is associated with their parental reports of food fussiness,
food enjoyment, and satiety responsiveness [as evaluated by
the Children’s Eating Behavior Questionnaire (CEBQ)] (23),
suggesting the need to also consider children’s appetitive traits
when studying their oral processing behavior.

Within this context, our main objective was to probe whether
changing the form (semisolid to solid) of a fruit offered at
the beginning of a mid-afternoon snack [“goûter,” which is a
very common practice among children in France (24)] would
influence the level of reported hunger and subsequent intake of
another food offered within the same mid-afternoon snack (refer
here after as snack or meal) in children. A secondary objective
was to explore the variability in children’s oral processing
behaviors when eating the different foods offered during the
snack and their potential links with parent reports of children’s
chewing behavior, chewing difficulties, and appetitive traits. Our
hypotheses were as follows: (i) consuming a raw apple preload
would increase oral exposure time and subsequently reduce ad
libitum intake during the snack compared to a pureed apple
preload; (ii) high ad libitum intake would be related to a high
eating rate (i.e., fast eaters are eating more); and (iii) at an
individual level, eating rate would be associated with appetite
traits and chewing behavior for chewable food.

METHODS

Participants
Children aged between 8 and 10 years old were recruited in
2019 through flyers distributed in schools and afterschool leisure
centers and by contacting parents registered in the ChemoSens
Platform’s PanelSens database [Commission Nationale de
l’Informatique et des Libertés (CNIL, n 1148039)] to participate
in two mid-afternoon snacks in the laboratory. To be included,
children had to attend primary schools (3rd, 4th, and 5th grades),
regularly consume a mid-afternoon snack, and be consumers of
apple and cottage cheese (“fromage blanc” in French). Exclusion
criteria were diagnosed feeding disorder, diabetes, and/or food
allergy. The methodology complies with the Declaration of
Helsinki and was approved by an ethics committee (Comité de
Protection des Personnes Ile-de-France II IDRCB 2019-A00890-
57). Written informed consent was obtained from parents prior
to the start of the study as well as children’s oral assent. Our
objective was to recruit a sample of 50 children. In the absence
of a similar study in children, we were not able to run a power
analysis, so we based our sample size choice on other studies
conducted in children [e.g., a study with 40 school-aged children
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highlighted a significant link between a decrease in liking (for
a fruit puree) and a decrease in the level of hunger during
mid-afternoon snacks (25)] or in adults (11).

Food Products Offered During the Snack
Two foods regularly consumed by children duringmid-afternoon
snacks were chosen: apple and sweetened cottage cheese (24, 26).
Based on the study by Flood-Obbagy and Rolls (11), two forms
of apple were chosen and were matched for energy density (ED)
and weight: raw apple segments and applesauce (see Figure 1).
The applesauce for the whole study was prepared once in the
laboratory according to the HACCP regulation for hygiene and
safety and was frozen at −18◦C and then batch-thawed for
each experimental day. Pink Lady R© apples were peeled, seeded,
cooked, and mixed using a Vorwerk robot (Thermomix R©); water
was added to compensate for water losses during the process
to ensure that apple segments and applesauce were isocaloric (a
dry extract analysis showed that the applesauce contained 84.8
± 0.1% water, and the apple segments contained 83.9 ± 0.2%
water). The ED of apple segment Pink Lady R© was 54 kcal/100 g.
Sweetened (5% w/w) cottage cheese (Jockey R©, Danone; per 100
g: 3 g of fat, 4.4 g of carbohydrate, and 6.9 g of protein) was
chosen for the subsequent ad libitum meal (Figure 1). The ED
of the cottage cheese (3.3% of fat, Jockey R©, DANONE) was 76
kcal/100 g. This choice was similar to the study by Bouhlal and
colleagues (27, 28) in 2- to 3-year-old children, which showed
that this food was liked but not too much and would probably
then limit overconsumption.

Study Timeline and Measurements
Children participated in two mid-afternoon snacks (at 5:10 pm
or 6:10 pm) in the laboratory with a 4–14 days delay in between;
each mid-afternoon snack lasted approximately 40min. Having
a mid-afternoon snack is culturally very common for children in
France (24), is usually composed of several foods (among which
fruit purees are very common with the advent of fruit purees in
soft pouches), and represents 17% of daily energy intake in 0–
10 year olds (26). The timing was chosen so that children could
come to the laboratory after school. This is an average of 2.5 h
before the usual dinner time observed in France (29).

We chose a preload paradigm, as it is a design allowing
direct observation of intake in a well-controlled environment
(30). It consists of a randomized crossover satiation trial with
participants eating the preload and then eating a test food ad
libitum. The delay between the start of the preload and the start
of the test food is usually no less than 5min (30). It was theorized
that “up to 15min after intake the delay is consistent with a
meal” and thus reflects satiation effect during the same meal (31).
Using this design enables us to directly measure the impact of the
preload properties (modification of the food form) on satiation
and the consumption of the other food served during the same
eating occasion while controlling for potential effects linked
to texture acceptance given that the consumption of the food
preload is compulsory and that the two preloads are matched for
weight. With another possible design, “concurrent evaluation,”
distinguishing the effect of food texture acceptance from the

effect of the food form on consumption is more difficult. The
study design is presented in Figure 1.

A fixed preload quantity was offered, and the consumption
of this entire portion was compulsory, but the eating duration
was left to the discretion of the child. Then, after a 10-min delay,
cottage cheese was served ad libitum. The presentation of the
food preload was balanced (i.e., half of the children started the
first mid-afternoon snack with apple segments, whereas the other
half started with applesauce). The chosen portion was 77 g for the
preload [apple segments were served into 10 segments of 7 g; this
is equivalent to 16% of usual energy intake from mid-afternoon
snacks in 0- to 10-year-old children, as reported by the French
INCA3 study (26)]. Portion sizes were defined from piloting tests
and corresponded to almost the weight of an apple puree pouch
(90 g in general), which would be a relevant portion of what is
offered during a mid-afternoon snack meal, in particular with
other offered foods. The portion of cottage cheese was 500 g: 400 g
was served first in a bowl with a spoon; then, each child could
ask for two supplemental portions of 50 g to ensure ad libitum
consumption (500 g of sweetened cottage cheese is equivalent
to 181% of usual energy intake from mid-afternoon snacks).
Both meals were organized in a sensory evaluation room; parents
were waiting for their children in a room next door. Instructions
were given to a group of five–six children collectively by an
experimenter at the beginning of the meal, and then children
were isolated in individual booths to reduce distraction.

Evaluation of Hunger, Liking, and ad

libitum Intake
The timeline of the snack was as follows (Figure 1): first, children
evaluated their initial hunger through a dedicated child-tailored
10-cm visual analog scale (VAS) after being collectively trained to
use it. It consists of a visual representation (i.e., cartoon figures,
one scale for girls and one for boys) of five levels of hunger
varying from “I am not hungry at all. My stomach is completely
full, and I cannot eat anymore” to “I am very hungry!My stomach
is truly really empty and is rumbling at lot” [see (25, 32) for
details]. Then, they ate the apple preload entirely and rated their
liking on a dedicated child-tailored 10-cm VAS punctuated by
smileys [see (25, 32)] and evaluated again their level of hunger
(Figure 1). After this, and for 10min that were strictly controlled,
they played an online game based on the principle of “where’s

Wally?©”. By the end of this delay, children were offered cottage
cheese. They were free to eat as much as they wanted to until
they were no longer hungry. Once they stopped eating, they
evaluated their liking for the cottage cheese and their level of
hunger. Eaten quantities for all foods (preloads and ad libitum
foods) were evaluated by weighing the containers before and after
consumption (1 g, Soehnle Page, Benfeld, Germany).

Coding of Oral Processing Behaviors
In each booth, children were videotaped to make the description
of their oral processing behaviors possible and assess the
consumption duration for both preload types. Behaviors were
coded using Noldus The Observer R© software by a single trained
video coder. The coding scheme (see Table 1) was inspired by
the one used in Fogel and colleagues (17). The validity of the
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FIGURE 1 | Mid-afternoon snack design (preload and ad libitum consumption durations were left to the discretion of the child and are presented in Table 4;

mid-afternoon snacks starting with apple segments or applesauce were balanced between children).

coding scheme was checked by estimating the agreement with
another trained coder (Pearson correlation coefficients for the
coded variables: r = 0.75 to 0.99) on a subsample of 10 randomly
selected videos.

Parental Self-Report of Children’s Chewing
Behavior and Eating Temperament
Parents were asked to fill out questionnaires to evaluate some
facets of their child’s eating behavior. Their perception of their
child’s chewing difficulties and chewing behavior traits was
assessed via five items (see Table 2). To define the items, we
were inspired by previous works (33, 34) but adapted the items
for this study to assess only children’s difficulties coping with
hard/difficult textures and children’s chewing behavior and with
a limited number of items. Parents answered each item with a
three-category answer for each item (“yes,” “no,” and “I don’t
know”). Answers “yes” were coded as 1, “no” as 2, and “I do
not know” as missing. Two scores were derived (as the mean
for the concerned items): one relates to the difficulty of coping
with hard/difficult textures (P-noDiff_HardTexture; the higher
this score is, the lower the difficulty of coping with hard/difficult
textures) and the other describes the extent to which children
chew their food before swallowing (P-Chewing; the higher the
score, the better the child chews the food before swallowing).
The Cronbach’s α values were satisfactory for both dimensions
[P-noDiff_HardTexture (2 items) = 0.70; P-Chewing (three
items)= 0.89].

Children’s eating temperaments were assessed with the
Child Eating Behavior Questionnaire [CEBQ (35)], and some
dimensions only were retained for this analysis: slowness in

eating (SE) (e.g., “My child eats slowly”), satiety responsiveness
(SR) (e.g., “My child leaves food on his/her plate at the end of
a meal” or “My child gets full before his/her meal is finished”),
enjoyment of food (EF) (e.g., “My child loves food”), food
responsiveness (FR) (for example, “My child is always asking
for food”), and food fussiness (FF) (e.g., “My child is difficult to
please with meals”), as done by Fogel and colleagues (23). Parents
had to indicate how much this was true for their child (from 1:
never to 5: always). The score for each dimension is the mean
of the different items, and by definition, it ranges from 1 to 5.
The Cronbach’s α values were satisfactory for the five dimensions
(SR= 0.80; SE= 0.79; EF= 0.74; FR= 0.86; FF= 0.90).

Anthropometric Measurements
Children’s weight and height were measured in duplicate
by a trained experimenter. Children were weighed to the
nearest 0.1 kg using a digital scale (PHARO 200, Soehnle,
Benfeld, Germany) without shoes. Their length was measured
to the nearest 0.1 cm using a stadiometer (TANITA Leicester,
Birmingham, UK). Weight and height were transformed into
BMI z-scores (BMIz) corrected for age and sex according to
the WHO child growth reference for school-aged children and
adolescents (36).

Statistical Analysis
SAS 9.3 for Windows (SAS Institute Inc., Cary, NC) was used
to perform the analyses. The results are expressed as the means
± SDs. Significance was set at p < 0.05. To check that the food
oral processing behaviors and oral exposure time thereof were
significantly different between the two types of preload, paired
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TABLE 1 | Video-coded oral processing behaviors, methodological parameters, and output variables.

Definition of behaviors Coding scheme* Output variables

1. Consumption duration

(segments and applesauce)

Ingestion behavior between the start

of the consumption corresponding to

the first lip–food contact, when the

child closed his mouth after the first

bite until the end of the consumption

corresponding to the swallowing of

the last bite.

State event Total consumption duration throughout the

consumption episode (s): Duration (s)

The average eating rate was calculated by

dividing the grams consumed over the

consumption duration:

EatingRate (g/min)

2. Bite (segments and

applesauce) number and

duration

Duration from the time when the food

enters into the mouth up to the

swallows (sequence of biting/eaten

mouthfuls and swallows)—this

duration does not include breaks

(when no food was into the mouth)

State and point event Number of bites/mouthfuls to eat the

entire portion: Bites (N)

Cumulated duration of bites/mouthfuls to

eat the entire portion (consumption

duration–cumulative duration of breaks):

OralExposureTime (s)

The average bite size was calculated by

dividing the grams consumed by the

number of bites/mouthfuls to eat the entire

portion: BiteSize (g per bite/mouthful)

3. Chew or masticatory

cycle (segments only)

Up and down movements of the jaws

during apple segments consumption.

This behavior was coded for 3 out of

10 segmentsa

Point event Number of up and down movements of

the jaws for three apple segments:

MasticatoryCycles (N)

*State events have a duration (e.g., consumption duration), point events do not (e.g., number of chews). aFor a majority of children, this was done for segments 4, 5, and 6; when

necessary due to problems of visibility on the videos, this was done for segments 3, 4, and 5 or 5, 6, and 7.

Student’s t-tests were calculated on the oral processing variables.
Differences in liking (0–10) between both preloads and cottage
cheese after each preload type were also studied (paired t-tests).

Impact of Apple Preload Form on Subsequent

Hunger and ad libitum Intake
Despite the compulsory consumption of the apple preload, some
children could not manage to eat it all. A minimal preload
consumption of 80% (i.e., at least 62 g of 77 g) was set to analyze
the cottage cheese intake data (37). We verified that preload
intake was not different between preload forms using an analysis
of variance (subject, preload). A mixed model was calculated to
evaluate whether the hunger level changed over the session: the
dependent variable was the hunger level (0–10), with “subject”
as a random factor and with time (three levels: before preload,
after preload, and after subsequent ad libitum consumption),
preload type (two levels: apple segments and applesauce), and
the preload type × time interaction as the fixed effects. The
mean percentage of hunger decrease due to preload consumption
[i.e., (rating score before preload consumption minus rating
score after consumption) divided by rating score before preload
consumption] and due to cottage cheese consumption (similarly,
difference between after preload consumption and after ad
libitum consumption) were determined and analyzed using
ANOVA (subject, preload).

The impact of preload type on cottage cheese ad libitum intake
(in grams or in kilocalories) was assessed using a mixed model
adjusted for initial level of hunger, child age, BMIz, and sex.
The correlation between cottage cheese intake and the observed
eating rate was assessed using the Kendall correlation coefficient
(p < 0.05).

Eating Rates: Impact of Food Form and Links With

Parental Reports of Chewing Behavior and Eating

Temperament
Kendall correlation coefficients were calculated to assess the
associations between eating rates observed for the cottage cheese
and for the preload eaten during the same snack. The effect
of chewing difficulties (P-NoDiff_HardTexture) and chewing
activity before swallowing (P-Chewing) on eating rate was
assessed using one-way analysis of variance with chewing level
as a factor with Student Newman–Keuls post hoc analysis. P-
NoDiff_HardTexture was obtained by means of two items and
therefore has three levels: 1 (the child has difficulties), 1.5
(the child sometimes has difficulties), or 2 (the child has no
difficulties). When a significant effect was observed on eating
rate, we further explored the effect of chewing difficulties on
observed oral processing behaviors (bite size, number of bites,
oral exposure time, and number of masticatory cycles) with
a Bonferroni adjustment (alpha level of 0.013 = 0.05/4 per
test). Associations between eating rate and CEBQ dimensions
(SR, SE, EF, FR, and FF) were explored using Kendall
correlation coefficients and Bonferroni adjustment (alpha level of
0.01= 0.05/5 per test) to correct for multiple testing.

RESULTS

Participants
Fifty children agreed to participate, but two withdrew before
coming to the sessions, and four children did not meet the
minimal preload consumption (three children ate less than 80%
of the apple segments, and one child ate less than 80% of
both apple preloads). Data for 44 children were available (23
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TABLE 2 | Parental questionnaire to evaluate their child’s chewing difficulty and chewing behavior traits.

Oui/Yes

Coded as 1

Non/No

Coded as 2

Je ne sais pas/

I do not know

1.R (B) Mon enfant prend le temps de bien mâcher ses

aliments

My child takes the time to chew his food

� � �

2. (A) Mon enfant refuse de manger certains aliments parce

qu’il les trouve trop difficiles à mâcher

My child refuses to eat certain foods because he/she finds

them too difficult to chew

�

Si

oui, lesquels:

If yes,

which ones

� �

3. (B) Lorsqu’il/elle mange, mon enfant a tendance à mettre

trop de nourriture/à prendre de trop grosses bouchées, par

rapport à la taille de sa bouche

When he/she eats, my child tends to put too much food on

his/her fork/spoon or takes too large mouthfuls in relation to

the size of his/her mouth

� � �

4. (B) Mon enfant mâche très peu sa nourriture, j’ai

l’impression qu’il/elle avale ‘tout rond’

My child doesn’t chew his/her food much, I have the

impression that he/she eats everything whole

� � �

8. (A) J’ai besoin de couper la viande de mon enfant en très

petits morceaux pour l’aider à manger

I need to cut my child’s meat into very small pieces to help

him/her to eat

� � �

Two composite scores were extracted: one relates to the difficulty of coping with hard/difficult textures (P-noDiff_HardTexture; (A) items in the table), whereas the other relates to the

fact that the child eats without chewing (P-Chewing; (B) items in the table; R indicates that the item is reversed).

TABLE 3 | Characteristics of the participating children (N = 44).

Mean SD Min Max

Height (cm) 139.5 9.0 126.1 167.6

Weight (kg) 33.2 7.1 23.8 54.5

BMI-for-age z-score 0.28 1.01 −2.17 2.42

males). Twenty-four children were followed by a dentist, and
six had ongoing orthodontic treatment. They were on average
9.1 ± 0.9 years old and had, on average, a healthy weight
status (Table 3).

The preloads were equally liked (apple segments = 8.1 ± 1.9,
applesauce = 7.9 ± 1.6; F(1, 87) = 0.3, p > 0.05). The cottage
cheese was equally liked (F(1, 87) = 1.0, p > 0.05) after apple
segments (8.4± 1.7) or applesauce (8.6± 1.5).

Impact of Preload Form on Oral Exposure
Time
The hypothesis that the preload formwould affect oral processing
duration was verified (Table 4): eating 77 g of apple segments
required significantly more time than eating the same weight of
applesauce [4.2 ± 1.6min (N = 40) vs. 1.1 ± 0.4min (N = 42),
respectively; t (37)= 12.20, p< 0.0001]. The average difference in
consumption duration between applesauce and apple segments
was 3.1± 1.6min (min= 0.9, max= 9.9min). This is related to a
longer oral exposure time, which reflects effective oral processing
time, characterized by more bites, a smaller bite size, and a slower
rate of eating (all p < 0.05, Table 4).

Effect of Preload Form on Hunger and ad

libitum Intake
The average preload intake was 76.7 ± 2.1 g for the apple
segments and 76.0 ± 0.7 g for the applesauce (p > 0.05).
Children were quite hungry before preload consumption, and
they reported being hungrier at the start of the applesauce snack
(7.5 ± 1.9) than at the start of the apple segment snack (6.9
± 2.0) (F(1, 43) = 5.2, p < 0.05; Figure 2). The hunger level
significantly decreased over the course of the mid-afternoon
snack regardless of the preload type consumed [time, F(2,
215) = 115.47, p < 0.0001; preload type F(1, 215) = 9.07,
p = 0.003, but the time × preload type interaction was not
significant (p = 0.93)]. Therefore, despite differences in hunger
observed at the beginning of the snacks, the hunger decrease
due to preload consumption was similar for both the applesauce
and apple segment snacks (8.2 and 7.7%, respectively; p > 0.05)
and was also similar after cottage cheese consumption (39.3 and
40.8% for the applesauce and apple segment snacks, respectively)
(p > 0.05, Figure 2).

On average, 208± 120 g of cottage cheese was consumed after
eating the apple segments, whereas 188 ± 107 g was consumed
after eating the applesauce. We did not observe any effect of the
preload type on ad libitum intake of cottage cheese afterwards,
either when considering the cottage cheese alone (p= 0.20) or the
total intake (apple preload+ cottage cheese; p= 0.19) (Table 5).

In both sessions, cottage cheese intake was highly correlated
with the observed eating rate (τ = 0.51, p <0.0001, N = 37 for
the session with apple segments and τ = 0.50, p< 0.0001,N = 40
for the session with applesauce). Thus, children who ate cottage
cheese quickly had a higher ad libitum intake than those who ate
at a slower rate. The eating rate of cottage cheese was consistent
between both sessions (N = 34, τ = 0.50, p < 0.0001).
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TABLE 4 | Oral processing behavior variables (videotape coding) when eating both preload types and cottage cheese.

Apple segments Applesauce

N Mean SD Min Max N Mean SD Min Max t (df)** P

Duration (s) 40 255 97 128 681 42 70 24 25 122 12.2 (37) <0.0001

OralExposureTime (s) 37 227 90 113 629 42 68 24 25 122 10.6 (34) <0.0001

Bite (N) 37 22 6 12 37 42 15 5 6 27 5.2 (34) <0.0001

BiteSize (g/bite) 37 4 1 2 6 42 6 2 3 13 −5.2 (34) <0.0001

EatingRate (g/min) 40 20 6 7 36 42 74 29 37 183 −14.3 (37) <0.0001

MasticatoryCycles (N) 26 81 27 45 143

Ad lib cottage cheese duration* (s) 37 142 65 47 352 40 125 50 24 212 1.8 (33) 0.0860

Ad lib cottage cheese eating rate* (g/min) 37 90 38 29 190 40 92 44 33 233 0.1 (33) 0.9033

*Values for the cottage cheese consumed after each preload (apple segments or applesauce); **t(df): Student’s t-test.

FIGURE 2 | Hunger ratings (mean ± SD) for the 44 children before and after preload and after cottage cheese consumption. The hunger level significantly decreased

over the course of the mid-afternoon snack regardless of the preload type consumed (time, F (2, 215) = 115.47, p < 0.0001; preload type, F (1, 215) = 9.07,

p = 0.0029), but the time × preload type interaction was not significant (p = 0.93).

Eating Rates: Links With Food Form and
Individual Eating Temperament
We explored whether the eating rate observed for cottage cheese
was consistent with those observed for the applesauce and apple
segments. A significant correlation was observed between the
eating rates of cottage cheese and applesauce (N = 40; τ = 0.44, p
< 0.0001) but not between the eating rates of cottage cheese and
apple segments (N = 37; τ = 0.11, p= 0.32).

Individual factors potentially influencing the preload eating
rate were studied, including chewing behavior and eating
temperament. A significant association between parental reports
of children’s chewing difficulties (P-noDiff_HardTexture) and
the actual children’s eating rate was observed in the case of
apple segments (F(2, 37) = 3.6, p = 0.04) but not of applesauce
(p = 0.09). No associations were observed between eating

rate and parental report of children’s chewing behavior before
swallowing (P-Chewing) or any dimension of the CEBQ.

Further exploration revealed that children with chewing
difficulties took significantly more time (F(2, 37)= 5.3, p= 0.01)
to eat the apple segments than children with sometimes or
without difficulties [6.0± 2.7min (n= 6) vs. 4.1± 1.1 (n= 7) and
3.9 ± 1.1min (n = 27), respectively]. They required significantly
more bites (29.7 ± 6.5 bites vs. 21.9 ± 4.4 and 19.3 ± 4.4 bites;
F(2, 36) = 11.6, p < 0.001) of smaller size (2.7 ± 0.7 g vs. 3.6 ±

0.8 and 4.1± 0.9 g, respectively; F(2, 36)= 6.6, p= 0.004).

DISCUSSION

This study investigated the impact of fruit form offered at the
beginning of a mid-afternoon snack on reported hunger and
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TABLE 5 | Weight and energy intake of cottage cheese after each preload

(mean ± SD).

Preload type

Apple segment Applesauce

Cottage cheese intake

Weight (g) 208 ± 120 188 ± 107

Energy (kcal) 192 ± 110 173 ± 99

Total intake (preload + cottage cheese)

Weight (g) 285 ± 120 264 ± 107

Energy (kcal) 233 ± 110 214 ± 99

subsequent ad libitum intake of another food offered at the snack.
Our results collected in healthy weight, school-aged children
under controlled laboratory conditions showed, as expected, that
eating apple segments took significantly more time and required
more oral processing behaviors than eating the same quantity
of applesauce matched for energy density. However, the main
hypothesis of this work, based on a previous study in adults, was
not confirmed: modifying the preload form (semisolid to solid)
did not affect the level of hunger or the subsequent ad libitum
intake of cottage cheese differently. In other respect, regardless
of the preload, the cottage cheese ad libitum intake was highly
correlated with the eating rate: fast eaters ate more during the
snack. Nevertheless, children’s eating rate was not consistent
across foods: fast eaters of semisolid foods (cottage cheese and
applesauce) were not necessarily fast eaters of hard foods, here
raw apple segments. Moreover, child chewing difficulties as
reported by their parents were negatively associated with the
eating rate observed for chewable apple segments.

This study was inspired by a previous study in adults (11)
and was adapted to children in the context of a mid-afternoon
snack. The observed, expected effect of the apple form on oral
processing behavior is consistent with a previous report in adults
(38). For the raw apple segment, the eating rate was 20 g/min here
(apple segment) vs. 27 g/min in Forde et al.’s study (entire apple);
for applesauce, it was 74 g/min in our study vs. 90 g/min in Forde
et al.’s study. Children have slower eating rates (26 and 18% lower
for the apple segment and puree, respectively) than adults, but
the decrease in eating rate due to food form is comparable for
both populations.

However, the apple form-induced satiation observed in adults
was not observed in our study involving 8- to 10-year-old
children. Although a proper dedicated study would be necessary
to draw firm comparisons between adults and children, some
methodological differences between Flood-Obbagy and Rolls’
study (11) and ours can be considered to discuss these contrasting
results. These are related to the study protocol, meal context, and
properties of the test food.

First, concerning the study protocol, Flood-Obbagy and Rolls
(11) fixed the preload ingestion duration. We did not, as we
hypothesized that the oral exposure time was the main factor
influencing intake and that fixing the ingestion rate may be a less
natural and disturbing situation for children. The break duration
after preload consumption and the subsequent food intake were

slightly different in both studies (15min from the start of the
consumption of the preload vs. 10min after the consumption
of the preload in our study). As the preload ingestion rate was
left to the discretion of the child, fixing the break duration made
it possible for us to strictly control the duration between the
end of the preload consumption and the ad libitum intake for
all children eating more or less quickly and for both preloads.
However, in both cases, the break durations were not long enough
to induce post-ingestive effects (30, 31).

Second, the study in adults was realized during a lunch (11),
whereas we evaluated this in the context of a mid-afternoon
snack, a much simpler meal in terms of number of dishes
and in terms of different symbolic values of foods socially
considered appropriate for a meal or a snack. Children’s eating
behaviorsmight be somehow slightly different between lunch and
mid-afternoon snacks. Indeed, a French sociological exploration
reported that although the mid-afternoon snack is considered a
meal, it resists nutritional injunctions and is associated with the
universes of sweetness and pleasure (39).

Third, concerning the test foods, the ED of the ad libitum
food used by Flood-Obbagy and Rolls (11) is much higher [2.2
kcal/g for the cheese tortellini and tomato sauce (64% of energy
from carbohydrate, 16% energy from fat, and 20% of energy
from protein)] than that of the one we chose (0.92 kcal/g for
the sweetened cottage cheese); thus, the satiating properties of
these two foods might be quite different. Another explanation to
consider is that the sweetened cottage cheese might have been
slightly too much liked by the children. This food was chosen
because it was relatively neutral, but it was revealed to be as liked
as the two preloads. This might have increased its consumption
slightly beyond satiation, especially in an ad libitum situation that
might contrast with usual home practice when parents decide the
size of the portion to eat. During the study, children were clearly
happy to serve themselves.

Finally, we chose an ad libitum food that requires very
little oral processing while the previous authors chose a more
textured food requiring chewing behavior (pasta). One can
hypothesize that a similar phenomenon as for sensory-specific
satiation but specific to the textural properties (which could
be named “texture-specific satiation”) might explain why eating
the apple segments first did not decrease the consumption of
a cottage cheese, a food with different textural properties (and
easier to eat from an oral processing perspective) than the
food preload. Therefore, there may be a sensory control of
the eating behavior for a succession of foods based on texture
contrast. In this line, offering after a first food a second food
with a different texture from the first one may reactivate the
desire to eat. Not all mechanisms related to sensory-specific
satiation have been understood so far. Nevertheless, sensory-
specific satiation is known to be expressed differently in adults
and children (40). Exploring this line of research is worthwhile
to advance our understanding of the relation between texture
perception (and oral processing capabilities) and appetite control
abilities in children. Additionally, a better understanding of how
children form expectations on satiating properties of a food based
on texture is needed. In adults, as discussed by Nguyen and
colleagues (41), it appears that “the effect of texture on satiety
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expectations is not a straightforward function of hard/soft or
viscous/not viscous, but rather related to a number of factors:
viscosity, food particles, the complexity of the food items, their
interaction, and their influence on the temporality of the in-
mouth perception.” Past experiences (i.e., familiarity) are also
likely to be determinant (42): “children who ate the foods more
often expected them to deliver greater satiation.” Thus, our
study clearly calls for more research to understand the links
between food oral processing and satiation in children. In this
context, other studies considering the strategy of “concurrent
evaluation” of intake (while controlling for differences in food
acceptance and familiarity as discussed earlier) would be of
interest to complement the present results obtained with the
preload paradigm. Indeed, direct measurements of ad libitum
intake of foods bearing textural differences would provide
complementary information on the role of food texture on
consumption in children.

Our study allowed us to explore the variability in eating rate
for the different foods in the child population. We observed
that ad libitum cottage cheese intake was highly correlated with
its eating rate, validating previous results in children showing
that fast eaters eat more during a meal (18). In addition,
eating rates of cottage cheese and applesauce were correlated,
whereas they were not correlated with those of the raw apple
segments. Therefore, fast eaters of semisolid foods may not
necessarily be fast eaters for chewable foods. In addition, eating
rate and, more generally, eating behavior in children should
be seen in light of the development of their chewing skills,
which might impact the role of food texture properties in
satiation processes. Dental status is particularly important to
consider. A previous study suggested that dental caries may
affect eating habits (21, 22). Another study conducted in a
Finnish interventional study [Special Turku Coronary Risk
Factor Intervention Project (STRIP)] suggested a link between
dental maturity, BMI, and energy intake in 148 children aged
6 to 12 years (43). Overall, this calls for more work to describe
developmental changes related to food oral abilities during this
very specific time frame and its effects on children’s eating
behavior. However, eating fast is thought to be a modifiable
phenotype implicated in the overweight problem, but the links
with oral processing capacities have not been explored much
so far.

In conclusion, this pioneering study calls for further research
to better understand the interplay between the textural properties
of food, oral processing behaviors, food intake, and appetite
control abilities in children. It is necessary to highlight new levers
to explore to foster healthy food intake in children, whether or
not they have chewing difficulties.
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