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Abstract

Background and aim

The rise in obesity over the last decades is censiito be related to changes in the
food environment. Our current diet exists of fodkat facilitate fast intake of energy
and minimal oral processing. Various studies shotirad higher eating rate leads to
higher food intake, and therefore promote energyramsumption. When consuming at
a high eating rate, the food spends less timearothl cavity, resulting in less sensory
exposure per gram food. The exposure to the tdstheofood in the oral cavity is
potentially important in controlling food intakeh@& studies in this thesis investigated
the principle mechanisms through which orosensoqyosure affects satiation. The
factors that were studied were taste intensityl, msidence duration and bite size. The
impact of these factors and their relative contitns to satiation will provide tools for
designing new foods to prevent overconsumption.

Methods

We conducted five studies. The subjects that ppatied in the studies were healthy
young normal weight adults. Satiation was meashyead libitum intake and subjective
ratings of hunger and fullness. Tomato soup wad aseest product in all studies. We
started by investigating the effect of taste iniignen ad libitum intake (n=48). Salt was
used to vary the taste intensity in soup. We setetwo salt concentrations for low-salt
and high-salt soup that were similar in pleasarstresan individual basis. In the next
study, salt taste intensity in soup was investgyagain, but this time we changed the
state of hunger (a preload was offered) and thd omaposition (subjects were served
a second course after the soup) (n=43). In thd study, the impact of taste intensity
versus the duration of orosensory exposure (maatigailby changing the bite size) on
satiation was investigated, by using peristalticps to control the bites (n=55). The
fourth study focussed on the underlying mechanisfiste size on food intake (n=56).
Therefore, separate effects of oral residence idurger gram food and number of bites
per gram food on ad libitum intake were assesse@llff, we investigated if bite size
affects the perceived food intake. Subjects es@thédte amount consumed after intake
with small or large bites, in both focussed andstracted states (n=53). In addition,
effects of distraction on bite size were investglat

Results

Taste intensity did not affect ad libitum intakeemhthe soup was presented as single
lunch-item in a hungry state. However, higher tastensity reduced ad libitum intake
by ~8%, when the soup was presented after a preloaas a starter followed by a
second meal. Smaller bite sizes decreased adnibitdake by ~25% and did not



interact with taste intensity. That smaller bites more satiating than larger bites was
confirmed by hunger and fullness ratings. Hungerelesed faster per consumed gram
food when consuming with small bites compared tgdabites. A similar effect was
found for the increase in fullness. Ad libitum ikeawas separately reduced by longer
oral residence duration and higher number of bges gram food, there was no
interaction between the two variables. Time-intgneieasurements showed that both
higher number of bites and longer oral residengatthn increase the total magnitude
of orosensory exposure to the taste of the foodsGmption with large bites resulted in
underestimations of the amount consumed, whereasuagption with small bites did
not. Distraction increased ad libitum intake. Castron led to a higher number of bites
over the meal but did not affect bite size.

Conclusions

This thesis demonstrates that consuming foods witlaller bite sizes, longer oral
residence durations and higher taste intensitie®n® food intake. These effects are
possibly explained through their enhancement obtiosensory exposure to the taste of
the foods. Consumption with large bites leads tdewestimation of the amount that is
consumed. An underestimation of the amount consunseda risk factor for
overconsumption. These results could be used byfabe industry to enhance the
satiating capacity of foods in order to prevent rosasumption and decrease the
prevalence of obesity.
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Chapter 1

General introduction



Chapter 1 - Introduction

Food intake is critical for survival and health.(The control of food intake is important
for energy balance. A positive energy balance, thigher energy intake than energy
expenditure, may on the long-term result in oveghtand obesity. Obesity has strong
adverse effects on health, it increases risks abates type Il, cardiovascular disease
and several types of cancer (2).

The prevalence of obesity has risen dramaticallyhm last decades (3). The rise in
obesity is considered to be related to changehénféod environment (4, 5). The
current ‘obesogenic’ environment is associated witivide variety of high palatable,
easy available, inexpensive, energy-dense foodsranelased portion sizes. Moreover,
our diet in general has become more energy denséarl)p changes shifted to higher
intake of fat, salt and sugar and lower intakeilofef (6). In addition, consumption of
energy Yielding beverages, like soda sweetened sujar, energy drinks, fruit drinks
and juices, has increased considerably over lasad#s (7, 8). Energy yielding
beverages and energy dense foods that are lovbra $upport a fast intake of energy
and minimal oral processing (9, 10).

Higher eating rate (g/min) leads to higher fooclkat (9-14), and is therefore promoting
energy overconsumption. Several studies have steghjagoositive relationship between
eating rate and body weight status (15-18). Wherswming at a high eating rate, the
food spends less time in the oral cavity, resulilmdess sensory exposure per gram
food. In other words, the taste perception per dgi@md decreases when food is eaten at
a high eating rate compared to a low eating rate. 8xposure to the taste of the food in
the oral cavity is potentially important in contieyy food intake. The research
described in this thesis investigated the role ral sensory (orosensory) exposure to
taste in food intake.

Food intake regulation, satiation and satiety

Food is eaten in episodes, i.e., in meals and sndabod intake is initialized by a
desire-to-eat. The desire-to-eat is the resultrofireegration of the internal state of
hunger along with contextual aspects (e.g., tim¢éhefday, opportunity, habits, sight,
and smell) (19, 20). Food intake is continued hwyamel signals from the brain generated
from sensory signals from the food. These rewagdads will finally be overruled by
signals that bring the meal to an end (20, 21). @rleeess that ends an eating episode is
called satiation.

Immediately after an eating episode, there is lppetite for food. Food processing and
nutrient absorption initiate neural responses aaktase of hormones from the
gastrointestinal tract. These hormones and neesalonses are translated in the brain to
suppress hunger until the next eating episode 422, The process that operates after
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the meal that involves the suppression of hunger iahibition of further eating is
called satiety.

Satiation influences how much food is consumednireating episode, whereas satiety
influences the frequency of eating episodes (19, ZBe research described in this
thesis focuses on satiation.

Factors that influence satiation

Influences on satiation are divided into interrs@nsory, cognitive and environmental
factors, as shown in Figure 1. These factors aoagly related and mutually influence
satiation and thereby meal size.

The internal signals, such as hormones from thérgagestinal tract (e.g., ghrelin,
leptin, glucose) are translated in the brain tdectfthe state of hunger. The state of
hunger prior to a meal influences the amount comsl(a.g., 24). During consumption,
the degree of stomach distension and the relealerofones from the gastrointestinal
tract (e.g., cholecystokinin and glucagon-like poptl) triggers brain signalling of
satiation that brings a meal to an end (23, 25)iat@n is also regulated in the long-
term by adiposity signals that signify body fattmtrol energy homeostasis (1, 19).

The environment determines the availability of #reount and types of food. It has
been extensively shown that greater portion sigad to more food intake (26-33). The
availability of a variety of different foods leatts more food intake than the presence of
one or a few foods (e.g., 34); explained below &ysery specific satiety. The social
setting also influences how much food will be caned. The presence of family and
friends leads to higher food intake because itrali$$ from consumption (e.g., 35). In
addition, people tend to adjust their amount ofdfantake to that of their eating
companions; they eat more when others eat moreleaadvhen others eat less (36, 37).
Other distracting activities, for example watchiteevision or listening to music,
increases the amount consumed (35, 38-41).

Sensory signals determine the hedonic value andddwre-to-eat the food. The
pleasantness derived from food influences the am@onsumed (42-47). During
consumption, the repeated exposure to sensorylsigaals to a decline in reward value
of the eaten food, which contributes to meal teatiomn (48). Sensory signals are
considered of major importance in satiation duth&r early onset during consumption
(25). Sensory signals also encourage eating atyaat different foods, thereby
providing different nutrients. When the desire-td-&r the consumed food declines,
the interest shifts to other foods with differeahsory food properties, this phenomenon
is called sensory specific satiety (e.g., 49).
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Chapter 1 - Introduction

Humans cognitive attitude towards food and eatimiuénces meal size (50). From
early childhood, humans learn to link sensory dgyrfeom food to post-ingestive
consequences. Therefore, humans have associabionsthe satiating capacity of food.
Beliefs regarding the satiating capacity of fooffuences how much will be consumed
(50-53). This allows humans to make decisions oalrsize before consumption (54).
The cognitive control of food intake also occursidg a meal, humans monitor the
amount they are consuming (55). Another importaghdive aspect that plays a role in
meal size is restraint eating behaviour; the clraandency to limit food intake for
controlling body weight (56). The research desctibe this thesis involves primarily
effects of sensory signals on satiation (chapté). Z=ognitive effects combined with
sensory signals were investigated in the last sfadgpter 6) of this thesis.

Cognition \

Associations
Beliefs
Restraint

Sensory signals
Taste, smell, sight,
texture

Palatability

Meal size

Internal signals
Stomach distension
Gut hormones
Adipose tissue

Environment
Availability, access

Distractors
Portion size

Figure 1.1 Meal size is determined by an integration of cagejtsensory, internal and environmental
factors.

Sensory signals from food

The perception of food starts when seeing, grasgnd tasting the food. This
evaluation is an integration of senses of tastegllsnmouch (such as mouth feel,
temperature, irritation), sight and hear. This mmlbdal sensory integration is essential
to encourage or discourage consumption.

Food aroma perception (smell) occurs via the nom® the external world (i.e., ortho-
nasal) and via the mouth during food consumptiore(i retro-nasal). The olfactory
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system can recognize and discriminate a large nuofidifferent aroma qualities (57),
whereas the taste system only distinguish fiveedsifit qualities. Food texture involves
structural and mechanical properties that are tedeloy the senses of touch, hear and
sight (58). Examples of food texture parametersvaseosity, hardness, chewiness and
stickiness. The research described in this thesissked on effects of taste on satiation.

Taste

The current consensus is that human taste sensai@onbe divided into five qualities:
sweet, salty, umami, sour, and bitter. Specifitetasceptor cells organized in taste buds
located within the gustatory papillae detect thiesgants. The gustatory papillae are
located on the tongue but also on other area’hénaral cavity such as the palate,
pharynx, the larynx and epiglottis (59).

The sense of taste is in charge of evaluating tietional value of a meal. Sweetness is
an attractive taste. It is produced by sugar afelvaother substances and is related to
the carbohydrate content of foods. The functioswéetness is to identify energy rich
foods. Saltiness is attractive in low concentraiofaltiness primarily signals the
presence of sodium. Sodium plays a fundamentalimolegulating the volume of fluid
compartments, nerve conductance, and muscle ctintra(60). Almost all foods
naturally contain sodium, meats and seafood maaa fhlant-based foods. However,
only 5-12% of our sodium intake directly originatesm food, ~75-80% of the sodium
intake originates from processed foods, and ~10-6% table salt (61). Umami is an
attractive taste described as a savoury, meatg.tdste taste of umami is mostly
produced by monosodium glutamate (MSG). Foods imclumami are: fish, meats,
fermented foods, some vegetables and mushro®@itierness evokes aversiveness.
There are many different compounds that evokester baste, approximately 550 (62).
A large number of bitter compounds are known totdsdc. Bitterness is therefore
considered as a warning signal of toxins. Sourrsei® taste that detects acidity. Fruits
are the most common food group that naturally gonta sour taste component.
Sourness in high concentrations evokes aversivargbgvarns against spoiled foods or
unripe fruits. The attraction towards sweet, umaamgd low-salt, and the aversion
towards bitter, high-sour, and high-salt are inmagponses (63-65). The preference for
taste can be modified during life. Inidividuals kadifferences in preferences and
sensitivity for each taste quality. Preferencetéste is also affected by experience, age,
race and nutritional deficiencies (66, 67).
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Chapter 1 - Introduction

The role of food properties and sensory signallingn satiation

Sensory signals from food are learned to be agsdcwmith its energy and nutrient
content (68, 69). These learned associations betprisume an appropriate amount of
food in a meal that provides an adequate energken(68, 70, 71). Our current diet
consists of many highly processed foods, includaagls high in energy density, fat and
sugar, and low in fibre (72). Sensory signals ghhy processed foods have been shown
to impair the identification of nutrients comparedraw or moderately processed foods
(73). The impaired ability to link sensory signdtem food to nutrient and energy
intake may contribute to overconsumption and weggtin (74).

The inability to adjust food intake to its energgndity have been demonstrated in
studies that used variations in energy densiti¢sinvihe same foods. Intake was much
more affected by the volume or weight of the fobdrnt the energy density (75-78). In

one study (77), women were provided with mealstfav days that varied in energy

density. The diet lower in energy density containpgroximately 30% less energy per
gram than the diet higher in energy density. Pigditts ate a consistent amount of food
(by weight) across conditions. The diet lower iremgyy density resulted in 31% less
energy intake over two-days, without differencelumger and fullness compared to the
diet higher in energy density. In addition, alsbess have found that the consumed
volume or weight has a greater impact on meal tatian than its energy density (79-

81). Foods high in energy density therefore pronoeerconsumption.

Influences of sensory modalities of taste, aromd &xture on satiation have been
investigated separately. Food texture has been rshtowgreatly affect the amount

consumed; ad libitum intake of liquid foods led-80% higher intake compared to
intake of semi-solid foods equal in energy dengtyd palatability (10, 80, 82).

Differences in taste quality, sweet vs. savourg, bt affect ad libitum intake in foods

that were similar in texture, palatability and emedensity (83, 84). Differences in

aroma quality, vanilla vs. lemon, did also not efffad libitum intake in foods that were
similar in texture and energy density (85). In limgh these findings, Hogenkamp et al.
(80, 86) showed that both food intake and expextatregarding the satiating capacity
of food were mainly affected by texture and noflayour quality.

In summary, satiation seems to be influenced by teature rather than energy density
and taste or flavour quality. Semi solids and sohde more satiating than liquids (10,
87, 88). The eating rates for solids (5 — 130 gJmaimd semi solids (50-230 g/min) are
much lower than for liquids (300-630 g/min) (1Intdrestingly, ad libitum intake of a
semi-solid and liquid food was not different in tady were the eating rate was kept
constant (10). This suggests that the effect dutexon satiation is mediated via eating
rate. The eating rate is negatively related tootlesensory exposure to taste, the latter is
considered to be important in satiation.
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The role of oral sensory exposure of taste in satian

It has been repeatedly shown that higher rate trigegeads to higher food intake (9-
13). This effect was found within the same food3, @9, 90). In addition, the eating
rates of a wide range of different foods were posy correlated with their food
intakes (in gram and energy) (11). Foods that pterha@h eating rate are liquid foods
and foods low in fibre content (9-12). The effedteating rate on food intake is
suggested to be mediated via exposure to thedasbed in the oral cavity (orosensory
exposure). The importance of orosensory exposumgei termination was shown in an
experiment where oral intake elicited much strorrgeponses on satiation compared to
direct infusions of food into the stomach or duagden(91). How eating rate influences
orosensory exposure to taste and how this affettation is not exactly known. The
eating rate is determined by the oral residencatdur (i.e., residence time of food in
the oral cavity), the bite size, and the bite fioey. Figure 1.2 illustrates a model that
shows relationships between oral residence duralbibe size and eating rate and their
potential effects on ad libitum intake.

Oral residence duration

Weijzen et al. (92) investigated the effect of aedidence duration on ad libitum food
intake when eating rate (g/min) was constant. Lomgal residence duration decreased
intake of lemonade (92). In addition, also Zijlsea al. (93) found that longer oral

residence duration decreased the ad libitum intdke chocolate dairy product. These
studies (92, 93) used sweet tasting foods. Humasscate sweetness with energy;
longer oral residence duration of a sweet taste timenefore lead to an earlier onset of
satiation. We do not know whether the effect of ogaidence duration on satiation is a
general effect or a taste specific effect. Salsn@sy not have strong association with
energy compared to sweetness. The effect of osdl@rce duration to saltiness on
satiation is one of the main research questiotisisnthesis (Figure 1.2).

Bitesize

Consumption with large bite sizes increases thagaate (g/min) (12, 94). A number
of studies have found a positive relationship betwdite size and food intake in
laboratory settings and ‘real-life’ environment8,(85-99). It is not clear why bite size
affects satiation. In a normal eating situationaben bites are associated with longer
oral duration per gram food (s/g) (100). The effettbite size may therefore be
explained by the oral duration per gram of foodvéttheless, consuming with small
bites rather than large bites involves a higher lmemof bites for consumption of the
same amount of food. A relatively higher numbebibtés, for example three bites of 5 g
instead of one bite of 15 g, mean a more pulsaxmpsure to the food. The pulsating
exposure is possibly associated with more orosgrmqgoosure per gram food, which
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Chapter 1 - Introduction

may lead to a faster satiation. The impact of oesidence duration (s/g) versus the
number of bites (bites/g) on satiation has beediatlin this thesis (Figure 1.2).

Bite size and cognition

Bite size may also cognitively affect food intakeimans may believe that intake is
higher when taking relatively more small bites cam®ol to fewer larger bites for

consumption of the same amount of food. Humangefsebf the amount consumed

play an important role in satiation. For examptdpimation about the calorie content
(101-103), the serving size of the food (95, 974-106), and the time of the day (107),
were all shown to influence food intake and stréss importance of cognition on

satiation. Cognitive associations of food intakeyniee disrupted when people are
distracted during food consumption. A number otles have shown that distraction by
activities such as watching television or eatinghviriends usually leads to increased
food intake (35, 38-41, 108). It is possible thatrdction during consumption is

associated with an impaired monitoring of the amiaonsumed through visual cues
(35, 109). Other oral processing characteristiocghsas bite size, meal duration, or
number of bites may also be affected by distractiora distracted state, people may
unconsciously take larger bites or increase thember of bites resulting in increased
food intake (Figure 1.2).

Taste intensity

A stronger intensity of the taste of the food mdgoabe associated with more
orosensory exposure, which may result in an eaolset of satiation. Warwick et al.
(110) found that “tasty” foods were more satiatthgn “bland” foods equal in energy
and macronutrient composition. This is in line wahother study that found that ad
libitum intake was lower for more intensely flavedrsnacks compared to less intensely
flavoured snacks (111). Studies that used a coratent range of sweetness in a food,
one example is sugar in yoghurt, have shown tleabgtimal, most preferred sweetness
in food led to highest intake (112-116). Two stsdsmuggest that high-sweet foods
decreased intake more than low-sweet foods (112, bhe study suggests the opposite
effect (116). Others found no differences betwemn-$weet and high-sweet foods
(114, 115). Next to sweetness, humans have an abpli@vel of saltiness in food that is
highest in pleasantness, less salt will be judgetbiand” and more salt will be judged
as “too salty” (117-119). Yeomans et al. (120) héwmend highest intake of the pasta
that was optimal in salt concentration, whereasekiwntake was found for high-salt
pasta and the intake of low-salt pasta was in beEtwd&he taste intensity highly
influences the pleasantness of the food (112-1P®, 121), the latter is a strong
predictor of the amount of food consumption (42-#leasantness rather than the taste
intensity may have affected the results of the isgidiescribed above. It is not clear
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whether taste intensitper se affects satiation when pleasantness is similawéen
low-intense and high-intense tasting foods (Fidug).

Aim and thesis outline

The research described in this thesis aims to iigate the role of orosensory exposure
to taste in satiation. Clarification of principleeshanisms through which orosensory
exposure affects satiation is important for thearathnding of food intake regulation.
The factors that are investigated are the tasemdgity, oral residence duration and bite
size. In addition, the effects of distraction otelsize and on number of bites during ad
libitum intake were investigated (Figure 1.2). Tingpact of these factors and their
relative contributions to ad libitum food intakelwprovide tools for designing new
foods and advices to prevent overconsumption.

The aim of the first study was to investigate efecf taste intensity on ad libitum
intake, independent of pleasantnadgpter 2). Salt was used to vary the taste intensity
in soup. Concentration-intensity and concentrapt@asantness functions were
conducted for each subject. We selected two salterttrations for low-salt and high-
salt soup that were similar in pleasantness on malividual basis. Subjects then
consumed ad libitum from low-salt soup and hight-saup. Whether sensory signals
affect satiation may be dependent on the stateiofdér and meal context. In the second
study, we tested again the effect of saltinesshb&um intake, but this time within
two different meal settingzlfapter 3). In the first meal setting, subjects consumed the
soup after a preload. In the second meal settirgjests consumed the soup as a starter
followed by a second course.

The aim of the third study was to investigate tffeat of oral residence duration and
bite size in combination with saltiness on ad Uibitintake ¢hapter 4). Again, salt
concentrations for the low-salt and high-salt saugpe selected on an individual basis.
In addition, we investigated the effect of saltmes bite size determined by subjects
themselves. In the fourth study, underlying mecérasiof bite size on food intake were
studied. Therefore, separate effects of oral reseeuration (s/g) and number of bites
(bites/g) on ad libitum intake were assessathpter 5). In addition, effects of oral
residence duration and number of bites on the asusg exposure per gram food were
determined. The fifth study was executed to ingeséi whether or not cognition plays a
role in the effect of bite size on ad libitum intachapter 6). In addition, we
investigated if the effect of bite size on intakaswdisturbed by distraction. Effects of
distraction on bite size were also studied.

In the final chapter, the main results of all sasdiare discussedchapter 7).
Implications and suggestions for future researehpaesented.
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Chapter 1 - Introduction

Eating rate (g/s)

Oral duration (s/g) Bite size (g/bite)

Taste intensity

Figure 1.2 Model that shows the potential effects of tastensity, oral residence duration, and bite size
on ad libitum intake that have been studied in thissis (dotted lines). In addition, the effects of
distraction on the bite size and on the effectitd bize on ad libitum intake were studied. The ham
indicate the chapters in which the results are ritest. The large arrows indicate the known effexfts
eating rate, pleasantness and distraction on @drtiintake. The solid lines indicate known relasbips
between oral duration and bite size on eating ratej between pleasantness and taste intensity.
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Chapter 2

Effect of salt intensity on ad libitum intake ofato soup similar
in palatability and on salt preference after congtion

Dieuwerke P. Bolhuis
Catriona M.M. Lakemond
Rene A. de Wijk
Pieternel A. Luning
Cees de Graaf

Chemical Senses, 2010, 35: 789-799.
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Chapter 2 — Effect of salt intensity on ad libiturtake

Abstract

Sensory properties of food play an important rolesatiation. Studies on the effect of
taste intensity on satiation show conflicting résulhis may be due to the notion that
in these studies taste intensity and palatabiliggernconfounded. The objective of this
study was to investigate the effect of salt intgnsf tomato soup on ad libitum intake
(satiation), while controlling for palatability can individual basis. Forty-eight subjects
consumed both a low-salt (LS) and high-salt (HS)psad libitum from a self-refilling
bowl. The results showed no difference between hé S soup in ad libitum intake,
eating rate, changes in appetite ratings and clsandgdonic ratings after intake. After
intake of HS soup, LS soup was perceived as maredithan before intake of HS soup.
After intake of LS soup, HS soup was perceived asemsalt intense than before intake
of LS soup. In conclusion, this study found no efffef salt intensity on satiation of
tomato soups that were similar in palatability. iIDgrconsumption, subjects adapted
quickly to the exposed salt intensity, as contr@ssalt intensities were rated further
from the ideal salt intensity and therefore peredigs less pleasant after consumption.

Keywords: satiation, contrast effect, ad libitum intakd; sgensity
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Introduction

Obesity is an increasing problem in Western socletyreased meal size is considered a
major cause of weight gain (97, 122, 123). Insighthe meal termination (satiation)
process may provide tools to prevent over-conswonptiuring a meal. Satiation is
regulated by sensory factors, physiological factord psychological factors (23, 124).
It is likely that sensory factors are of primarypantance in satiation, due to their early
onset during consumption (25, 48, 125).

Several sensory properties have been shown tcemgkisatiation. For instance, a clear
negative relationship was found between the visgasdia food and the amount of ad
libitum intake (10). The effect was attributed be tduration of sensory exposure in the
oral cavity, as a prolonged sensory exposure gerrbsulted in less ad libitum intake
(12, 92, 93). Apart from sensory exposure time,itihensity of sensory exposure may
also influence satiation, because a higher intg@d#o increases the amount of sensory
exposure, in this case not in time but in strength.

A number of studies investigated the effect ofdastensity, mostly in sweet products,
on ad libitum intake but the results are confligtiSsome studies indicated that yoghurts
with high sweet intensity decrease ad libitum istakore than yoghurts with low sweet
intensity (112, 113), while results from other sésdfound no clear differences (114,
115) or even an opposite effect (116). Moreovempaata sauce high in intensity,
obtained by salt intensity (120) and oregano intgrn(d21), resulted in lower intake
than the pasta sauces low in intensity. It is dlifi to extrapolate from these studies
whether intensity had an effect on ad libitum ietddecause pleasantness differs among
intensities and this may have overruled the eftédhtensity on intake. Palatability is
considered to be a strong predictor of the amoonsemed (43, 44, 120, 121, 126).
Therefore, initial pleasantness should be kept tamtsto study the effect of taste
intensity on satiation.

Exposure to a high or low intense taste may chahgeperception of intensity and
preferred level of intensity. Helson’s theory ofapthtion-level (127), originating from
psychophysical experiments, suggests that judgnaetsnade with respect to a frame
of reference. People refer to the most recent éxpeg in evaluating the sensory
properties of a food. Studies that investigatedtecdnal effects on perception of taste
intensity showed a shift in perceived intensity wiaeproduct was tasted after exposure
to a low or high intense product. The shift in mdigy is the common result of a contrast
effect, products are perceived more intense wheosed to low intense tastes and less
intense when exposed to high intense tastes (128-13

A change in perceived intensity may also affecataddility, because intensity is related
to palatability (112-116, 120, 121, 131). By itsqdalatability is also able to trigger a
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contrast effect, for instance, a ‘neutral’ beverages increased in palatability when
subjects were previously exposed to an unpalataélerage (132). The opposite of
contrast is assimilation, meaning that the stimdlasomes similar to the preceding
stimulus or expectation (133). Cardello and Saw{E33) studied the effect of
expectations on perception of foods and found npaskimilation effects, for example,
a higher sweetness expectation resulted in highieeped sweetness.

The studies above (128-130, 132, 133) highlightitiq@ortance of contextual effects on
perception of intensity and palatability. This icalies that consumption of one food can
affect the perception of other foods, which is negting because people consume
different foods during one meal. In the experimehtt showed contrast effects (128-
130, 132), however, only small amounts were tasttlether these effects remain
when a food is consumed until satiation is unclé&shen consuming a food until
satiation, pleasantness decreases specificalliyhéoconsumed food, while pleasantness
of other foods does not decrease or decreasesHesphenomenon is called: “sensory
specific satiety” (SSS) (49). When a food is edtegatiation, its pleasantness decreases
and people will switch to other foods that tasterenpleasant, therefore SSS also
encourages humans to consume a variety of diffdosnis (134). When eating a food
that is low in taste intensity, people may getdid the bland taste and prefer foods
higher in taste intensity afterwards and vice veSame studies showed a shift in
preferred intensity towards lower concentratiorss,observed in sweet intensity level
(113, 115, 131) and in salt intensity level (13@gmaconsumption of a food “optimal”
in taste intensity.

The primary objective of the present study wasit@stigate the effect of taste intensity
on satiation in foods similar in initial palatabjli The effect of taste intensity on
satiation when palatability is kept constant hashe®n studied before. For each subject
individually, a low-salt (LS) and high-salt (HS)ato soup were selected with similar
initial pleasantness ratings. Subjects consumelibadm from the LS and HS tomato
soup during lunchtime. The secondary objective Waassess changes in perception
and preferences of salt intensity after ad libiintake of LS versus HS soups.

Subjects and Methods

Experimental design

The study consisted of three different stageshénfirst stage, analytical taste profiles
of soups with varying salt concentrations wereldstiaed. The aim of this stage was to
verify whether salt intensity ratings increasecedirly with geometric increasing salt
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concentrations (a factor 1.55 between adjacentceaitentrations) (118, 136) and to
give insight in the perception of sweet and sotengity when salt intensity increases.

In the second stage, subjects rated pleasantnebgetative-to-ideal salt intensity
ratings of soups with varying salt concentratiofisis was performed to determine salt
concentrations for LS, ideal-salt (IS) and HS sopes subject. An inverted U-shape
describes the relationship between pleasantnessadinititensity with the most pleasant
soup containing the ideal salt concentration onttpe (118). One salt concentration
below (LS) and one salt concentration above thalidalt concentration (HS) were
selected for each subject by linear interpolatiasdal on equal initial pleasantness.

In the third stage, subjects visited the lab fames during lunch time and consumed LS
soup and HS soup each two times. Subjects constmeetbmato soup from a self-

refilling bowl as described by Wansink et al. (58)is was done to minimize self-

monitoring of the amount consumed. Subjects werar@wf the fact that the bowl was
refilling.

Before and after ad libitum intake, small samplek® IS and HS soups were rated on
several hedonic and analytical aspects (Table Biddlonic (pleasantness and relative-
to-ideal salt intensity) and analytical aspectdt (g8#ensity) were rated in separate
lunches; therefore, both LS and HS soup were coadumuice. A distinction between
hedonic and analytical aspects was made to measltreintensity independent of
hedonics. The aim was to get insight in change®adth salt intensity preference
(pleasantness and relative-to-ideal salt intensigasured in LS1 and HS1) and in salt
intensity perception (salt intensity, measured 82land HS2) after intake.

Table 2.1Measurements during the four lunch session

Ad libitum intake condition Ratings
LS1 soup pleasantness, desire-to-eat, relativdealtisalt intensity
LS2 soup salt intensity, expected satiation
HS1 soup pleasantness, desire-to-eat, relativdea-salt intensity
HS2 soup salt intensity, expected satiation

Subjects

Subjects were recruited from a database of peopdegsted in taking part in trials from
the Division of Human Nutrition at Wageningen Unsigy, Wageningen, The
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Netherlands. Forty-eight subjects (24 females athdmales) were selected; all were
students from Wageningen University. Subjects wesalthy, had a normal weight
(Body Mass Index: BMI 18.5-25 kgfn were aged between 18 and 27 year (mean +
SD = 20.8 + 1.99) and liked creamy tomato soupagdatness score > 5 on a 9-point
hedonic scale). Exclusion criteria were restraireading (Dutch eating behaviour
questionnaire (DEBQ) score men: >2.25, women: >2.[i@ving followed an energy-
restricted diet during the last two months, gainedost > 5 kg weight during the last
year, having a lack of appetite, smoking, havingtigantestinal iliness, having diabetes,
having thyroid disease or any other endocrine dmgrhaving hypertension, suffering
from kidney diseases and being pregnant or giviegdi feeding. In addition, staff and
students from the Division of Human Nutrition weegcluded from participation.
Subjects were unaware of the aim of the researbb. siudy was approved by the
Medical Ethical Committee of Wageningen Universapd all subjects signed an
informed consent form.

Test product: tomato soup

Tomato soup with varying salt concentrations wasduas test product in this study.
One kilogram of soup was made from 600 g mashedtmmieces (Heinz, Elst, The
Netherlands), 80 g cream (kookroom, private labébeX Heijn, Zaandam, The
Netherlands), 310 g water and 10 g sucrose. Thdéumixvas heated to 8D. The
macronutrient composition was calculated at 0.8aggin, 3.3 g carbohydrates, 1.6 g fat
and 129 kJ (31 kcal) energy per 100 g soup. Eigbtusn concentrations were used
with equal geometric distances (factor 1.55): @ifs1), 98 (soup 2), 151 (soup 3), 234
(soup 4), 363 (soup 5), 561 (soup 6), 870 (souand)1349 (soup 8) mg Na/100 g soup.
The sodium concentration in soup 1, to which no wak added, was calculated from
the used ingredients. Soups were equal in visgasotyp 1 and 7, the soups with lowest
and highest salt concentration selected for adulibiintake, had a viscosity of 0.246
Pa/s and 0.223 Pa/s, respectively, at a sheanfrde(1/s) at 55C.

Analytical taste-profile

Subjects rated all eight salt concentrations inpsoon analytical attributes: salt

intensity, sour intensity and sweet intensity. 8aty received 15 g of each soup in
random order. The temperature of the soups was %59 he salt intensity question

was: “How strong is the salty taste of this soupR?& scale was labelled “very weak” at
the left end (0 mm) and “very strong” at the rigimd (100 mm) on a 100 mm visual
analogue scale (VAS). Similar questions were a$#iesweet and sour.
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Selected LS, IS and HS soups and hedonic taste ptef

To select LS, IS and HS soups on an individualdyasibjects rated 15 g of sampled
soups with varying salt concentrations on relatosdeal salt intensity and
pleasantness. The question that refers to rel&ieeal salt intensity was: “How salty
is the taste of this soup?”; the scale was labéhed nearly salty enough” (-50 mm) at
the left end, “just right” in the middle (0 mm) afmuch too salty” at the right end (50
mm) of the scale. The pleasantness question wasw“pleasant is the taste of this
soup?” the scale was labelled “very unpleasantthat left end (0 mm) and “very
pleasant” at the right end (100 mm). The soups weesented in an interactive
procedure according to the method specified by Beotal. (117). This procedure was
developed as a quick method to find the individdehl (i.e., most pleasant or optimal)
salt concentration.

Soup 5, with a sodium concentration similar to imtommercially available tomato
soups, was presented first. Depending on the ratirthe first sample on relative-to-
ideal, the second sample was chosen in a way tateé on the other side of ideal from
the first sample. For example, if the first sampbes rated above ideal, then the second
sample would be below ideal or vice versa. The guace was continued until there
were five ratings: two below ideal, one close teald(-10 < 0 < 10 mm) and two above
ideal. After a 15 minute break, subjects receiveel $ame five soups in a different
order, however, again alternating on each siddexli(117).

For each subject, the means of duplicates werelleddcl and plotted against geometric
sodium concentration. The IS soup was selectelddeasaup that was rated closest to the
“just right” point (i.e., 0 mm on relative-to-ideadlt intensity ratings). The LS and HS
concentrations were chosen at each side of idegdoan equal pleasantness (<10 mm
difference on pleasantness ratings) as determigdahdar interpolation. Each pair of
LS and HS soups was selected in a way that thentist in geometric sodium
concentration (i.e., the ratio) was the same betwe and HS soup. HS soup was for
each individual 3.72 times higher that LS soup, avhequals two soup numbers in
between, Table 2.2.
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Table 2.2Distribution of the selected salt concentrationliS8rand HS soups.

N LS soup HS soup
mg Na/100g soup no. mg Na/100 g soup no.

3 63 1 234 4

4 98 2 363 5

2 121 25 503 5.5
17 151 3 561 6

2 168 3.25 626 6.25
12 188 3.5 698 6.5

1 210 3.75 779 6.75
7 234 4 870 7

Ad libitum intake

Over a period of four weeks, subjects visited #ie during lunchtime once a week to
eat ad libitum from the selected LS soup and H$ $mam a self-refilling bowl. LS1,
LS2, HS1 and HS2 soups were presented in randoear todhe subjects. Subjects were
instructed to consume the same breakfast and taialfsom eating and only allowed
drinking water or weak tea three hours before tireh started. Moreover, they were
asked to refrain from drinking one hour before tést started. After each test lunch,
subjects had to answer questions about what thesuoeed for breakfast and whether
they consumed or drank between breakfast andueshl To make sure subjects would
consume the soup until they were satiated, they wet allowed to eat one hour after
the test.

The procedure of a test day was as follows: fashjects started rating their feelings of
hunger, fullness, prospective consumption (i.ew hauch they thought they could eat)
(137) and thirst on a 100 mm VAS. Thereafter, stibjéasted a small sample (15 g) of
the individually selected LS, IS and HS soup atlan and rated various aspects (Table
2.1). Following this, subjects were seated in fraind soup bowl covered by aluminium
foil. A laptop was placed behind the bowl with msttions for the subjects. They were
instructed to take off the aluminium foil and puwsbutton when they started eating and
when they finished eating, so that eating time masrded. Subjects were instructed to
terminate eating when they felt they had enougle. mlean initial temperature of the ad
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libitum selected soup was 55° C (SD = 5.3 °C). Wihery finished eating, they rated
again their feelings of hunger, fullness, prospecitonsumption and thirst. Finally,
they re-rated the soup samples on several aspmxisding to Table 2.1.

The ratings according to Table 2.1 were asked B@w®. The question that refers to
desire-to-eat was “How much would you like to das tsoup at this moment?” from
“not at all” at the left end to “very much” at thight end. The question that refers to
expected satiation was “How filling is this soud®@m “not at all” at the left end to

“very much” at the right end. The remaining quassidrom Table 2.1 are previously
described.

Self-refilling bowl

Subjects received the soup during the lunch inlarakling bowl as described by
Wansink et al. (55). The self-refilling bowl can Wisualized as follows. A bowl and a
pan were placed on a table (82 cm distance); utidetable, the bowl and pan were
connected through a food-grade silicon tube. Thtoboof the pan and bowl contained
holes to be connected with the tube; however, stdjgere not able to see the hole in
the bowl, because the bowl was filled with soupe Houp was re-filled through a
gravity-feed mechanism. During consumption, theelegf the soup in the bowl
decreased slowly, but was never empty.

Data analyses

Statistical analyses were performed using SAS eeril.4 (SAS Institute Inc., Cary,
NC, USA). Data are presented as means + standaidtida, P-values < 0.05 were
considered significant.

During the taste tests, the effect of salt con@diain on salt intensity, sour intensity,
sweet intensity, pleasantness and relative-to-idedl intensity were analysed by a
linear model that included the effect of subject.

One subject did not receive LS soup and was exdldden data analysis. Pearson
correlations between intake of the same soup, H&Sr(duplicates) and between

intakes of the different soups were calculatede&ff of salt intensity (LS vs. HS soup)
on soup intake (mean of duplicates) were assesgbdawinear model that included

gender and subject nested within gender. Prelimiaaalyses revealed that gender only
affected intake; therefore, gender was omitted fiitvd other analyses (see below).
Appetite ratings (hunger, fullness, prospective stwnption and thirst), pleasantness,
desire-to-eat, relative-to-ideal salt intensitylt satensity and expected satiation were
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compared from pre-intake to post-intake with adnmodel that included the effect of
subject

Initial ratings of pleasantness, desire-to-eagtiad-to-ideal salt intensity, salt intensity
and expected satiation were compared between L&nt#SHS sampled soups by a
model that included the effect of subject. Deltangs (post intake — pre intake) of
pleasantness, desire-to-eat, relative-to-ideal s#knsity and salt intensity were
compared between LS, IS and HS sampled soups lyear Isplit-plot model that
included effects of salt intensity of the ad liltisoup (HS vs. LS); effects of salt
intensity in ad libitumsoup were tested against the effect of subjectinvald libitum
soup condition. Bonferroni adjustments were usegdst hoc comparisons. The GLM
procedure in SAS was used for all linear models.

Results

Analytical taste-profile

Salt intensity ratings increased with geometri¢ sahcentrationsf; 31 = 174,P <
0.001 (Figure 2.1). Sour intensity ratings did mndiange with increasing salt
concentrationsk7, 321= 1.41,P = 0.20. Sweet intensity decreased from 363 mg 0a/1
g to higher salt concentratiofs 3;=12.7,P < 0.001.
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Selection of LS, IS and HS soups and hedonic tagieofile

Relative-to-ideal salt intensity ratings showedramease with increasing geometric salt
concentrationsF7, 178 = 169, P < 0.001 (Figure 2.2). The ideal salt concentrai®n
where the relative-to-ideal salt intensity curvesses the x-axis (the just-about-right
point), the mean was 363 = 56.8 mg Na/100 g. Tleagantness curve showed an
inverted U-shape against logarithmic salt concéoimd-; 17s= 30.6,P < 0.001. The top

of the inverted U-shape is defined as the idealcsaicentration. The pleasantness curve
was asymmetrical; soups with salt concentrationsv@bideal decreased more in
pleasantness than soups with salt concentratidosvhdeal. The relative-to-ideal salt
intensity ratings did not reach the “not nearlytys&nough” (-50 mm) end, while the
“much too salty” end (50 mm) was almost reachedy#3.

For each individual, relative-to-ideal salt intéagsand pleasantness curves were plotted
individually. LS and HS concentrations were sel@ctger individual by linear
interpolation (Table 2.2). The mean salt conceiatnaselected for LS was 165 + 52 mg
Na/ 100 g and the mean selected for HS was 6134+i@ Na/100g. The distance in
geometric salt concentration was equal between saldtted LS and HS soup. The
mean salt concentration selected for IS was 3403tmg Na/100g (range: 98 — 561 mg
Na/100g).

Figure 2.3 illustrates individual differences irlateve-to-ideal salt intensity ratings. It
shows the difference in ideal salt concentratiod e tolerance towards different salt
concentrations (i.e., distance from ideal) betweabjects. The slope expresses the
tolerance for different salt concentrations in tigi&from-ideal salt intensity; this varied
from 22.8 mm/log mg Na per 100 g (most tolerantl8 mm/log mg Na per 100 g
(least tolerant). The mean slope was 61.7 + 22.0lognmg Na per 100 g (mearf R
0.90 = 0.1). There were no gender differences liative-to-ideal salt intensity ratings
and selection of LS and HS concentrations (datanaivn).

100+
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\c'n’ Figure 2.2 Mean ratings and SD of
g pleasantnessaj (O: very unpleasant, 100:
§ v v -+ v v v very pleasant) and relative-to-ideal salt
l\l/l/é/ intensity ©) (-50: not nearly salty enough,
0: just-about-right, 50: much too salty) as a
- 63 98 151 234 363 561 870 1347 function of salt concentration in tomato

mg Na/100 g soup on 100 mm VAS.
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Figure 2.3 Individual tolerances toward
different salt concentrations in soup. Linear
trend lines derived from the relative-to-
ideal salt intensity ratings of the 48
subjects.

mg Na/100 g

relative-to-ideal saltiness

Ad libitum intake

We found no differences between the ad libitumkiesaof LS vs. HS soup, 375 = 165
grams vs. 388 £ 147 grants, o4= 0.72,P = 0.39 (Figure 2.4). In addition, eating rate
did not differ between consumption of LS vs. HSgouS: 73.1 + 3.6 g/min vs. HS:
76.4 + 4.2 g/minfFy, 94= 1.89,P = 0.18. Ad libitum intake was highly correlated fo
duplicate measurements (LS soups: r = 0.79, HSssoup 0.85,P < 0.001) and for
different soups within subjects (LS versus HS sdapr different combinations: LS1
vs. HS1 r = 0.68, LS2 vs. HS1: 0.72, LS1 vs. HSZ3(and LS2 vs. HS2: 0.7@, <
0.001).

Initial ratings of hunger, fullness, prospectivensomption and thirst did not differ
between LS vs. HS soup, which indicates that stdbjeere in the same hungry state
before ad libitum intake of the soup (Table 2.3fteAad libitum intake of both LS and
HS soup, ratings of hunger decreased ESys= 431,P < 0.001, HSF1, 4= 530,P <
0.001) ratings of prospective consumption decreds8dF; g3= 340, p < 0.001, HS:
F1 04= 428,P < 0.001) and ratings of fullness increased (ES:93= 375,P < 0.001,
HS: F; 94= 668,P < 0.001). Ratings of thirst decreased after intakS soup 1, g3=
4.38,P = 0.04), but did not change after intake of HSps(fty 94 = 1.15,P = 0.29).
Changes in ratings of hunger, fullness, prospeddresumption and thirst did not differ
after intake of LS soup compared with HS soup (¢&hB).

The mean sodium intake from LS soup was 593 + 2¢8 tihhre mean sodium intake
from HS soup was 2356 £ 1173 mg. The mean soditakenfrom the samples (LS, IS
and HS before and after ad libitum intake) was 839 mg.
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Table 2.3Mean = SD of initial and delta (post intake — priake) ratings of hunger, fullness, prospective
consumption and thirst for LS and HS soups.

N =48 LS soup HS soup Fi 04 P
Hunger
Initial 70.1+11.8 71.1+11.8 0.05 ns
A -51.2 £17.3* -53.6 £ 15.9* 0.59 ns
Fullness
Initial 23.6+11.8 21.2+104 0.97 ns
A 50.9 + 19.4* 54.7 + 14.5* 2.37 ns
Prospective consumption
Initial 67.8+10.4 68.8+11.1 0.17 ns
A -43.8 £ 16.6* -47.6 £ 15.9* 2.98 ns
Thirst
Initial 61.2+13.9 65.6 + 13.9 2.75 ns
A -6.72 £+ 34.6* -3.81+22.2 0.88 ns

*Significance difference between pre- and postkateatings
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Figure 2.4 Mean values + SD of ad libitum
intake (g) of LS soup and HS soup

o

LS

Changes in ratings for the consumed soup (LS aft&rS, and HS after HS)

The initial pleasantness and desire-to-eat diddifter between LS and HS soup (Table
2.4). HS soup was rated as higher intense accotdirigpth the relative-to-ideal salt
intensity and the salt intensity ratings. Initiatings of expected satiation (i.e., how
filling they thought the soup was) was higher fog HS soup compared to the LS soup.
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After ad libitum intake of both LS and HS soupjngs of pleasantness decreased (LS: -
9.34 £ 22.9,P = 0.006, HS: -13.8 = 22.F® < 0.001) (Figure 2.5A), the degree of
decrease did not differ between soups {z= 1.19,P = 0.28). In addition, the desire-to-
eat after both soups decreased (LS: -30.2 + 22.9,0.001, HS: -29.6 £ 22.F <
0.001) (Figure 2.5B), the degree of decrease didiifier between soups$( 46= 0,P =
0.95). After ad libitum intake of LS soup, relatiieideal salt intensity and salt
intensity ratings did not change (Figure 2.5C, 5Bffer ad libitum intake of HS, the
relative-to-ideal salt intensity tended to be rdtather to the “much too salty” end (4.2
+15.2,P = 0.08), whereas salt intensity ratings did nande.

Table 2.4Mean * SD of initial ratings of pleasantness, deti-eat, relative-to-ideal salt intensity, salt
intensity and expected satiation for LS, IS andsd@ps.

N =48 LS soup IS soup HS soup F; o4 P
Pleasantness 56.8 +2.f9* 66.1+2.28 50.8+2.79 12.7 <0.001
Desire-to-eat 56.5+2.49 65.4+2.34 52.6+2.906 10.6 <0.001

Relative-to-ideal salt
clafive-to-ideal sa 1290+158 022+128 145+162 960 <0.001

intensity
Salt intensity 31.7+2.08 47.9+188 71.0+198 101  <0.001
Expected satiation 4564 1.85 53.9+1.57 57.8+2.07 126 <0.001

* Mean ratings with different superscript letteas i, c) in the same row were significantly differe
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Figure 2.5: Mean ratings and SD for changes in ratings ofgaletness (A), desire-to-eat (B), relative-to-
ideal salt intensity (C) and salt intensity rati@ after ad libitum intake of the LS soup (whidars,
left) and HS soup (grey bars, right). *Significahiange from pre- to post-intake.

Changes in ratings for soups with contrasting salintensity (HS after LS and LS
after HS)

Each sampled soup decreased in pleasantness @fibitam intake of LS or HS soup

(P < 0.01) (Figure 2.5A). After intake of LS soupettlecrease in pleasantness differed
among samplesF¢, 13s= 4.14,P = 0.02), HS soup decreased more in pleasantness
compared to both IS and LS soup< 0.05). After intake of HS soup, the decrease in
pleasantness did not differ significantly among shenpled soups¢, 141 = 1.18,P =
0.31), however, LS soup numerically decreased thstnm pleasantness. In addition,
the decrease in desire-to-eat after LS and HS dalipot differ between the sampled
soups (Figure 2.5B), however, drops in desire-tost@wed similar patterns as the
drops in pleasantness.

When comparing ratings from pre- to post-intakégraintake of LS soup, the sampled
LS and IS soup did not differ in relative-to-idesallt intensity, while the HS soup was
rated more to the “much too salty” erfél € 0.001) (Figure 2.5C). Salt intensity ratings
also showed that LS soup was not rated differeaitiyr intake of LS soup, whereas IS
soup seemed be to rated somewhat more salt intBrrs®.14) and HS soup was rated
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as more salt intensd® (= 0.04) (Figure 2.5D). After intake of HS soup, H8d IS
samples showed no change in relative-to-idealisthsity ratings, while LS soup was
rated more to the “not nearly salty enough” e { 0.004) (Figure 2.5C). In
accordance, salt intensity ratings after intakél8fsoup showed no change for HS and
IS ratings, while LS soup was rated less salt sge@® < 0.001) (Figure 2.5D). In
general, total relative-to-ideal salt intensityimgs were lower after intake of HS soup
compared to LS soup (HS: -1.25 + 1.23, LS: 2.89%11F; ¢3= 4.37,P = 0.04), as
similar results were found for salt intensity rgsn(HS: -2.64 + 1.84, LS: 3.60 + 1.72;
F]_’ 94— 672,P = 001)

Discussion

The present study clearly shows that salt intertbiiys not affect satiation, which was
measured as ad libitum intake. In accordance, erithd salt intensity affect the
decrease in reward of the just consumed soup $ubjective ratings of pleasantness
and desire-to-eat) nor eating rate, hunger anahdsd ratings after soup intake. The
soups were only different in salt concentration simdilar in initial pleasantness, energy
density, temperature and viscosity. This is thet fstudy that demonstrated that salt
intensity does not affect satiation when contrgllifor palatability on an individual
basis. After intake of HS soup, salt intensity mgé showed no difference for the
consumed HS soup, however, LS soup was perceivewes bland. After intake of LS
soup, salt intensity ratings showed no differermetifie consumed LS soup, however,
HS soup was perceived as higher in salt intensity.

Individuals vary largely in salt preference as shdw this and other studies (117, 118,
138, 139). Consequently, a certain salt concentratiay be too salty for one person
and just right or even not salty enough for anotBelecting two fixed concentrations
for all subjects would give a great variabilityperceived salt intensity and pleasantness
and therefore ad libitum intake. To overcome thadévidual differences, we selected
salt concentrations for LS and HS soups for eadbjesyy as lower and higher in
saltiness respectively, than their ideal salt cotreéion. Moreover, the salt
concentrations were selected based on equal pleasarfor each subject. This allowed
us to study the effect of salt intensity apart froetdonics. As stated in the introduction,
satiation is not only determined by sensory fagtbus also by certain physiological and
psychological factors, which may disturb the effefcsalt intensity on ad libitum intake.
We tried to keep these factors as constant as lpess¥isual cues, such as self-
monitoring of the amount consumed and the nateradéncy to finish the bowl have
been shown to greatly influence the amount consuf®d140). Using a self-refilling
bowl diminished these effects. This study attempted keep the physiological
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contribution constant by having the subjects adiuwe the same metabolic state, as
subjects were instructed not to eat three hoursréeind consume the same breakfast.

The perceived salt intensity did not change for gbap that was eaten ad libitum. In
contrast, hedonic ratings decreased. This is cemisvith previous findings showing
that eating to satiation did not affect the pereditaste intensity, but resulted in a less
pleasant taste (141, 142). Above findings are supgdy several neurophysiological
studies (142-147). In the brain, taste quality aridnsity are processed in the primary
taste cortex (i.e., the primate anterior insula adpining frontal operculum) whereas
the secondary taste cortex (i.e., caudolaterakafrbntal cortex) reflects the hedonic
value and motivation to eat (142, 143). When eatmgatiation, the response in the
secondary taste cortex was shown to decrease iarsifi42-146), while no decrease
of response was seen in the primary taste cortdxrathe nucleus of the solitary tract
in non-human primates (143, 147). This is in linghva study that used a habituation
paradigm, hedonic responses to repeated presentdtihe same food habituated (i.e.,
decreased in response), while there was no clebituaion observed for the
experienced intensity (148). Taken together, tinidewpins that taste intensity may not
directly influence the motivational state of eatshgring intake and, therefore, may not
cause an effect on ad libitum intake.

Another possible explanation why salt intensity sloet influence ad libitum intake
may be the lack of a physiological mechanism taistdhe amount of salt within a meal
because it is not associated with energy. Sweadnsidered associated with energy, as
in sugar. Sweetness may affect meal size as aidanat short-term energy regulation.
Studies with animals illustrated that the amounéke was adjusted to carbohydrate
concentration (68, 149, 150): this phenomenon ieddconditioned satiation”. This
means that the orosensory stimuli derived from swesms of carbohydrates could
predict the post-ingestive energetic consequenedsadjust the amount of intake (68,
151). It would be of interest to replicate the prasstudy with sweetness.

Moreover, the experimental setting might have imficed effects of salt intensity on
satiation. We assumed that sensory factors would beajor determinant of meal
termination; however, this may not have been thee da the present study. Subjects
were in a hungry state and soup was the only feadable. It is possible that subjects
consumed until their stomachs were filled and pgmesffects of salt intensity may have
been overruled. Weight and volume are well-knownti@lers of short-term intake (78,
79, 152-154). De Castro (79) showed that the aeenagight of the nutrients and fluids
estimated to be present in the stomach at the et oneals was 400 g to 500 g. Intake
in the present study was about the same (380 gipltstal six samples of 15 g for
several ratings before and after consumption).eSpeople tend to eat a constant weight
during a meal, sensory factors that contributeaitagson may be more important in
circumstances when people are able to switch terdtods. In addition, a less hungry
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state may reduce physiological contribution andaeck the sensory contribution of
satiation. Whether salt intensity affects ad libitintake when subjects, first, have more
food choice and, second, are in a more satiatdd sl be investigated in the next
study.

To get insight in changes of salt intensity prefieeeand perception after ad libitum
intake of either LS or HS soup, small samples of ISSand HS soup were tasted and
evaluated. During ad libitum intake, the frame eference in salt intensity became
lower (in the case of LS) or higher (in the casdi8f than before consumption, which
increases the difference in salt intensity whertingsthe “opposite” salt intensity.
Contrast effects were observed in both directibSswas perceived as more bland after
consumption of HS soup and HS soup was perceivetbas salty after consumption of
LS soup. The change in analytical salt intensitings suggests that subjects perceived
the salt intensity differently after consumptiomdépendent of hedonics. These
contrasting effects observed in salt intensitynggi affected the hedonic value in a
negative way. The “contrasting” salt intensitiesreveated further from the ideal-salt-
intensity and therefore less palatable, which isfiomed by the pleasantness ratings as
shown in the results. No contrast effect was olesefor IS soup, as it was not rated
differently in salt intensity after consumption. & klifference between the consumed
soup and the IS soup might be too small to pro@ucentrast effect. This suggests that
a certain difference in salt intensity is neededltain a contrast effect.

The results of this study suggest that a substatiffarence in salt intensity in a food

decreases the palatability because people addpe exposed intensity. This adaptation
towards lower salt intensity is in favour of thesenmended salt intake, which is 5
g/day (WHO, 2006 (156)) and is much lower than &verage consumption of 9-10

g/day (Dutch Health Council, 2000 (157)) in the INgtands. The results showed that
after consumption of LS soup, HS soup was rateti@® salty and decreased more in
pleasantness than the consumed LS soup. Theréfrenlikely that consumption of a

low-salt soup will trigger higher salt intake froather foods afterwards. This is in

accordance with the finding that subjects on a ceduwsalt diet did not compensate by
increased table salt usage (158). However, theaenised to investigate to what extent
the adaptation for low-salt intensity can be trated into other foods.

As far as we know, we showed for the first time t@ntrast effects remain after a food
is consumed until satiation. Previously, contrdtats for intensity were shown after
consuming a small amount of a liquid (128-130, 13®hen a food is consumed to
satiation, its pleasantness decreases and thisnelesl larger than the decline in
pleasantness of uneaten foods (159-163). Theregbaiaple tend to choose foods that
have different sensory properties compared to tmswumed foods (162, 163). In this
study, the used test foods (i.e., soup) that oriferéd in salt intensity. We were
interested whether people would prefer a strongstetafter being exposed to a bland
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soup and vice versa. In contradiction, this studwwsed a larger decrease in
pleasantness for the “uneaten” soup (the soup tedhtrasting’ salt concentration)
compared to the eaten soup, caused by contrastefféhis indicates that the decrease
in pleasantness is apparently not driven by tagénsityper se (bland or salty) and that
exposure to a different salt concentration is peeckas less palatable.

IS soup (=363 mg Na/100 g) was most pleasant asonigar to the salt concentration
in commercially available tomato soups (290 — 450Na/100 g). The results illustrate,
however, that there is a wide range in sodium catnagon that is still acceptable (LS:
~151 mg Na/100 g - ~HS: 561 mg Na/100 g), whichmsgaeasantness ratings of >50
mm on a 100 mm VAS scale. The results of this stsulygest that when sodium is
reduced by ~50% (mean IS compared to mean LS)stl@ is still acceptable for
consumption. Moreover, studies that expose subjedds low in salt intensity for
longer term, illustrated a preference shift towal@ser salt intensities. Reduction of
dietary salt for 3 months (155) or 5 months (1649vged a preference shift towards
lower concentrations and a decreased preferencadity foods. In accordance, an
increase of dietary salt for four weeks showed efgoence shift to higher salt
concentrations (165). In this study, we did noteslee a preference shift in terms of a
shift of the most preferred salt concentration (ne shift of ideal and most pleasant salt
concentration in soup) but we did observe a deeckpseference of the contrasting salt
concentrations in soup.

In conclusion, our study showed that salt intenditynot affect satiation in soups when
they are similar in pleasantness. Subjects wergvisho adapt to a low or high salt
intensity during consumption. The contrasting sdknsities (LS after HS and HS after
LS) were therefore perceived as less pleasant@itesumption.
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Chapter 3 — Effect of salt intensity on ad libitimtake in different meal settings

Abstract

The effect of salt intensity on ad libitum intaketomato soup was investigated when
soup was served as a first course and as a seoonskc In addition, the effect of salt
intensity in soup on subsequent sweet vs. savohojce of sandwich fillings was
investigated. Forty-three healthy subjects consuatkdibitum a low-salt (LS), ideal-
salt (IS) and high-salt (HS) tomato soup in botrahs®ttings. The salt concentrations
were selected on an individual basis, in a way Bavas most pleasant and LS and HS
were similar in pleasantness. The ad libitum intekéS soup was higher than that of
LS and HS soup, and the ad libitum intake of LSpsaas higher than that of HS soup.
The meal setting, soup as a first or as a seconsepdid not affect ad libitum intake.
Salt intensity in soup did not predict sweet vaiosay choice of fillings in grams or
energy, although most sodium from fillings was aoned after intake of HS soup. In
conclusion, a higher salt intensity leads to lowdrlibitum intake of soup similar in
palatability (LS vs. HS). In addition, salt intélgsin soup does not predict sweet vs.
savoury food choice.

Keywords: salt intensity, sensory specific satiety, satiatisweet, savoury, context
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Introduction

Sensory food properties play an important role @alntermination (satiation) and food

choice (166). For example, a palatable food wilichesen more frequently than a less
palatable variant and will be consumed in largepants; both in laboratory settings

(42-45, 112, 116, 120, 121) and in the natural yoleey environment (46, 47). Another

sensory food property that plays a role in satmitotexture, as a more viscous or solid
product results in less ad libitum intake compaceliquids (9, 10, 12, 87, 88, 167). The
effect has been attributed to the duration of sgnsgposure in the oral cavity, because
a prolonged sensory exposure per bite resultedvirerl ad libitum intake (12, 92, 93).

Taste and flavour intensity may also influence at@th, because increased taste
intensity means an increased sensory exposure ifgerabd this may lead to faster

satiation.

In literature, however, confounding results wenen for the effect of taste and flavour
intensity on satiation. Studies that used a comaBoh range of a tastant or flavour in a
specific food, showed that the ideal, most pretermgensity in food resulted in highest
intake (112-116, 120, 121). Most of these studiggysst that high-intense foods (i.e.
over-ideal) decreased intake more than the lowasgdoods (i.e. under-ideal). This was
observed for salt intensity (120), oregano intgn&iR1), and sweetness intensity (112,
113). Other studies found, however, no differenoethe effect of sweetness intensity
(114, 115), and one study found even the oppoffieetdfor sweetness intensity (116).

In our previous study (chapter 2, 168), no effdctadt intensity on ad libitum intake of

soup was found, when comparing a low-salt and kajhsoup similar in palatability.

The contribution of sensory factors on satiatiorymepend on the context in which the
food is consumed. In daily life, the physiologisthtes of hunger prior to consumption
vary. In our previous study (chapter 2, 168) sows whe only food consumed during
lunch. Subjects consumed the same amount of lowaasdl high-salt soup. Prior to the
lunch, subjects had not eaten for three hours,camdequently, subjects arrived in a
hungry state. Therefore, the physiological signtdsalleviate hunger may have
overruled effects of sensory factors on satiat®ubjects may have consumed a certain
amount of soup to fill their stomachs to alleviatenger. It is well known that weight
and volume were shown to be determinants of sleomt-intake (78, 79, 152-154, 169,
170).

In addition, the composition of the meal is a catual aspect that may influence the
contribution of sensory factors on satiation. Mezad® be divided in single-item and
multi-item meals. In multi-item meals, people mayitsh to other foods when the
pleasantness is decreased for a specific food,emben a single-item meal people can
only alleviate their hunger with that specific fodkhis may indicate that consumption
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of a specific food in a multi-item lunch is lesspdadent on feelings of hunger or
fullness.

After being satiated with one food, people tendhoose other foods that have different
sensory properties compared to the consumed fdd# (63). This can be explained
by sensory specific satiation (SSS) which means tiwa reward (i.e., measured as
ratings of pleasantness or desire-to-eat) decrefasethe consumed food while the
reward for other foods decreases less or remainekdamged (49). Foods that share the
same sensory properties of the consumed foodsdals®ase in pleasantness together
with the consumed foods (159-161, 171). Theref8i®S encourages humans to eat a
variety of foods (134). These effects were repdatetiserved for sweet vs. savoury
foods. When a savoury food was consumed to satiaéilso the pleasantness for other
savoury foods decreased, while the pleasantnessweet foods decreased less or
remained unchanged (83, 159, 163, 172). The sarfextefvas observed after
consuming a sweet food to satiation (83, 159, 162, 173). Moreover, Weenen et al
(174) even showed an increase in pleasantness $wreat food (canned pears) after
consumption of a savoury food (cheese biscuits)vacelversa. It is possible that when
the intensity of a savoury food increases, for eplany increasing the salt intensity,
that after consumption, people prefer to choosees¥a®ds and less of other savoury
foods. As far as we know, no studies have beermpedd that investigated the effect of
salt intensity on subsequent food choice.

The first objective of the present study is to stigate whether salt intensity in soup
affects ad libitum intake when soup is served kagha first course and as a second
course. When soup is served as a first courseestisbare hungry but know that there
will be more food afterwards. When soup is servedaasecond course, subjects are
more satiated and know that the soup is the lasi-itean. The second objective is to
investigate if salt intensity in soup affects theice of sweet vs. savoury sandwich
fillings. Subjects consumed low-salt (LS), idedk$Es) and high-salt (HS) tomato soup
in both meal settings. The salt concentrations tfe soups were selected on an
individual basis, in a way that IS was most pleasard LS and HS were similar in
pleasantness.

Subjects and methods

Experimental design

For each individual, salt concentrations were setkfor low-salt (LS), ideal-salt (IS)
and high-salt (HS) soup. This was done in a tasde ih which subjects tasted soups
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with various salt concentrations and rated pleasmst and relative-to-ideal salt
intensity, as described below.

After the selection of individual salt concentraso subjects visited the lab six times
during lunchtime. Subjects consumed once the LSan® HS soup as a first course
followed by a second course that consisted bunsfilmfjs (“soup as first course”
setting) and once LS, IS and HS soup after a pae(sup as second course” setting).
After ad libitum soup intake in the “soup as ficslurse” setting, subjects consumed ad
libitum from the second course that consisted bpresented with choice of several
sweet and savoury fillings. In the “soup as secomarse” setting, subjects started with
consumption of a fixed preload of raisin buns that calculated as 50% of the energy
needs during lunch.

The order of the six conditions was randomized betwsubjects. Subjects consumed
the tomato soup from a self-refilling bowl as dédsed by Wansink et al. (55), as in our
previous study (chapter 2, 168). This was done il@imize the contribution of two
psychological effects: first, the ability to selfemtor the amount consumed which
influences portion size (55), and second, the tecyléo finish the bowl, as subjects
were aware of the fact that the bowl was re-filling

Subjects

Forty-three subjects (13 males) participated instiuely; all were students or employees
from Wageningen University. Subjects were healtigd a normal weight (BMI 18.5-
25 kg/nf, mean: 21.9 + 1.8), were aged between 19 and &8(yeean: 21.7 + 2.2) and
liked creamy tomato soup (pleasantness score > 5a dvpoint hedonic scale).
Exclusion criteria were restrained eating (Dutctinggbehaviour questionnaire (DEBQ)
score men: >2.25, women: >2.79), following an epesstricted diet during the last
two months, gained or lost >5 kg weight during lde& year, having a lack of appetite,
smoking, having gastrointestinal illness, havingbéites, having thyroid disease or any
other endocrine disorder, having hypertension esurf§ from kidney diseases and being
pregnant or giving breast feeding. Subjects weramamne of the aim of the research.
This study was conducted according to the guidsliaed down in the Declaration of
Helsinki and all procedures were approved by thedibdd Ethical Committee of
Wageningen University. All subjects signed an infed consent form.

Test foods

Tomato soup with varying salt concentrations wasduas test product in this study.
One kilogram of soup was made from 600 g mashedtmmieces (Heinz, Elst, The
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Netherlands), 80 g cream (kookroom, private labébeX Hein Zaandam, The
Netherlands), 310 g water and 10 g sucrose. Théungixvas heated until 8TC. The
calculated macronutrient composition from the usegedients was 0.8 g protein, 3.3 g
carbohydrates, 1.6 g fat and 129 kJ (31 kcal) sneey 100 g soup. Eight sodium
concentrations were used with equal geometric ntets (factor 1.55): 63 (soup 1), 98
(soup 2), 151 (soup 3), 234 (soup 4), 363 (soup@),(soup 6), 870 (soup 7) and 1349
(soup 8) mg Na/100 g soup. The sodium concentraticoup 1, to which no salt was
added, was calculated from the used ingredientspSaere equal in viscosity; soup
one and 7, the soups with lowest and highest saltentration selected for ad libitum
intake had a viscosity of 0.246 Pa/s and 0.223, Pa¢pectively, at a shear rate of 45
(1/s) at 55°C.

In both meal settings, subjects received a boftE00 ml of mineral water (Spa blauw,
Brussels, Belgium). In the “soup as first coursetting, the following items were
presented in the second course: buns (local bakergjgarine (VHC, Hendrik-ldo-
Ambacht, the Netherlands), hazelnut paste (NutBltagda, the Netherlands), chocolate
sprinkles (Chocoladehagel Puur, De Ruijter, Z€eiste Netherlands), strawberry jam
(Geurts, Dodewaard, The Netherlands), cheese (¥eréeeuwijk, The Netherlands),
gammon (local butcher), and cervelat (local butchler the “soup as second course”
setting, raisin buns (local bakery) were used psebbad. The nutritional compositions
of the test foods are shown in Table 3.1 and amaimdd from the Dutch Food
Composition Database (NEVO, version 2009/1.0).

Table 3.1Nutrient compositions of tests foods in per 100 g.

Energy (kJ) Protein (g)  Carbohydrate (g) Fat (g) odi8m (mg)

Raisin buns 1120 8 52 3 300
Buns 1013 10 45 2 571
Margarine 2956 0 0 80 331
Hazelnut paste 2215 7 56 31 30
sc;r?rflzfste 1725 5 73 14 27
Strawberry jam 1023 0.2 60 0 25
Cheese 1561 24 0.3 31 932
Gammon 556 18 2 6 878
Cervelat 1622 19 0.8 35 1580
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Selection of salt concentrations for LS, IS and HSoups

To select LS, IS and HS soups on an individualdyasibjects rated 15 g of sampled
soups with varying salt concentrations on relatosdeal salt intensity and
pleasantness. The question that refers to rel&ieeal salt intensity was: “How salty
is the taste of this soup?”; the scale was labéhed nearly salty enough” (-50 mm) at
the left end, “just right” in the middle (0 mm) afmuch too salty” at the right end (50
mm) of the scale. The pleasantness question wasw“pleasant is the taste of this
soup?” the scale was labelled “very unpleasantthat left end (0 mm) and “very
pleasant” at the right end (100 mm). The soups weesented in an interactive
procedure according to the method specified by Beotal. (117). This procedure was
developed as a quick method to find the individdehl (i.e., most pleasant or optimal)
salt concentration.

Soup 5 (explained above in “Test foods”), with dism concentration similar to that in
commercially available tomato soups, was presefitstd Depending on the rating of
the first sample on relative-to-ideal, the secomahgle was chosen in a way to be rated
on the other side of ideal from the first sampler Example, if the first sample was
rated above ideal, then the second sample woulbebmwy ideal or vice versa. The
procedure was continued until there were five gainwo below ideal, one close to
ideal (-10 < 0 <10 mm) and two above ideal. A&el5 minute break, subjects received
the same five soups in a different order, howeagajn alternating on each side of ideal
(117).

For each subject, the means of duplicates werelleddtl and plotted against geometric
sodium concentration. The IS soup was selecteldeasdup that was rated closest to the
“just right” point (i.e., 0 mm on relative-to-ideadlt intensity ratings). The LS and HS
concentrations were chosen at each side of idegdoan equal pleasantness (<10 mm
difference on pleasantness ratings) as determigdahdar interpolation. Each pair of
LS and HS soups was selected in a way that thentist in geometric sodium
concentration (i.e., the ratio) was equal betweSrahd HS soup, which equals a factor
3.7.

General procedure

Subjects were instructed to consume the same largtathd not to eat and only drink

water or weak tea three hours before the lunchestaMoreover, they were asked to
refrain from drinking one hour before the testtetdr After each test lunch, subjects had
to answer questions about what they consumed fmakifsst and whether they ate or
drank between breakfast and test lunch. To make subsjects would eat until they felt

satiated; they were instructed not to eat one htiar the test.
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Each subject was seated on a separate table sitn@bowl covered with aluminium
foil, lunch-items (depended on condition: preloadbans and several fillings) and a
laptop with instructions. During lunch, subjectsltisee access to water. Subjects rated
their feelings of hunger, fullness, prospective stonption (how much they thought
they could eat) (137) and thirst on a 100 mm VASple the lunch, in between the two
courses (thus after preload or after soup), artleaend of the lunch. Before and after
consumption of the soup, subjects were instruatetdke a sip and to rate pleasantness
and the desire-to-eat the soup, and after a sespndubjects had to rate relative-to-
ideal salt intensity and overall taste intensityagot00 mm VAS.

Subjects had to push a button when they startedvlied they finished consumption of
soup, so that eating time was recorded. They westeuicted to terminate consumption
when they felt they had enough. The mean initiadgerature of the soup was 58.6 +
3.8 °C. From the start of soup consumption, subjeat to wait for at least ten minutes
before consuming the second course. After ten regy@n alert popped up on the laptop
screen to inform subjects that the ten minutes wershed. From the start of
consumption of the second course, subjects hadaib far at least twenty minutes;
again, time was recorded by the laptop. These tiwere set to prevent subjects from
leaving the research area for other reasons thag batiated with the presented foods.

All questions were presented on the laptop scredraaswered by the use of a 100 mm
VAS. The question that refers to desire-to-eat t#®swv much would you like to eat
this soup at this moment?” from “not at all” at tleét end to “very much” at the right
end. The question that refers to overall tastensitg was “How strong is the taste of
this soup?” from “very weak” at the left end to fyestrong” at the right end.
Pleasantness and relative-to-ideal salt intensigstions are described above.

“Soup as first course” setting

Subjects started with consumption of soup. Aftet,tlthey were instructed to start
consuming whatever they wanted from the secondseoluns and three types of sweet
and three types of savoury fillings were supplieexcessive amounts, so that subjects
could eat as much as they wanted. There were 1S, d00 g margarine, 200 g
chocolate sprinkles, 200 g strawberry jam, 200zghmaut paste, + 200 g cheese, + 200 g
gammon, = 113 g cervelat (15 slices) per subjedindwne lunch. None of the items
was finished during lunch over the whole period tbé study. A 7-point scale
questionnaire was used to get insight in both phlkity and frequency of consumption
of these fillings in daily life.

In addition to the general procedure, questionslesire-to-eat something sweet and
desire-to-eat something savoury were added betmeh| after the soup consumption

46



and after the second course. These questions at@ on a 100 mm VAS, with at the
left end “not at all” and at the right end “very aii.

“Soup as second course” setting

Subjects received an amount of small raisin bures @®load. Each raisin bun weighed
22 g (246 kJ). The amount of buns was calculate@dch subject at half of the energy
provided by an average lunch in the Netherland$)(lfhat equals 11% energy of the
daily energy needs. The daily energy needs for eatiject were estimated by the
Schofield | equation (176), taking into accountnder, age, weight and a physical
activity level of 1.6. One subject received thre@dy 18 subjects received four buns, 20
subjects received five buns and four subjects vedesix buns as a preload. Subjects
were instructed to eat all the raisin buns thaly theere served. After finishing the
preload, subjects had a pause of 30 minutes. Tduisgpwas chosen to diminish the
possible interactions of the raisin buns on soupsgmption, as a result of SSS (163),
which showed largest effect immediately after comgtion (177). After the pause, the
self-refilling soup bowl was filled with soup, neisible for subjects, so that subjects
could start soup consumption.

Data analyses

Statistical analyses were performed using SAS @erSil1.4 (SAS Institute Inc., Cary,
NC, USA). Data are presented as means * standafdtida (SD), p-values < 0.05
were considered significant.

Effects of salt intensity (LS, IS or HS), meal B&jt and their interaction on soup intake
were assessed with a mixed linear model that ieclutthe random effect of subject.

Post hoc analyses of one-sided dunnett-tests wefermed to compare intake of LS

vs. IS vs. HS soup. One-sided tests were choseaubeave had a priori an idea of the
direction. We expected largest intake for the muetatable soup: IS soup. When
comparing salt intensity in soups similar in pabdity (LS vs. HS), we expected either

no effect or less intake of the HS soup, in acamcdao the results of most literature as
stated in the introduction.

Effects of salt intensity, meal setting, and theteraction on eating rate and water
consumption were assessed with a mixed linear mibdélincluded the random effect
of subject. The LSD procedure was used for postchogparisons.

Ratings of pleasantness, desire-to-eat, relativddal salt intensity, overall taste
intensity were compared between pre- and post-cops8on of soup with paired t-tests.
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Appetite ratings (hunger, fullness and prospectieasumption) and ratings of thirst,

were compared between pre- and post-consumptitimedirst course (either preload or
soup) and compared between pre- and post-consumgtithe second course (either
soup or buns) with a paired t-tests. This was doneach salt intensity and each meal
setting separately.

The effect of salt intensity in soup on initial irggs and changes in ratings (post-
consumption ratings minus initial ratings) of api@ethedonic and intensity ratings were
compared by a mixed linear model that includedrémelom effect of subject. This was
done for both meal settings separately. The efiécheal course (first or second) on
appetite ratings was assessed in a mixed lineaehtloalt included salt intensity and the
random effect of subject.

In the “soup as first course” setting, the effecsalt intensity in soup on intake of foods
in the second course was compared by a mixed limeatel that included random
effects of subjects. The LSD procedure was use@dst hoc comparisons.

Pearson correlation coefficients were calculatesvéen ratings of desire-to-eat sweet
and desire-to-eat savoury after soup intake witlneddntake in grams of sweet and
savoury fillings in the second course.

Results

Individual selected salt concentrations for LS, ISand HS soups

The mean selected IS concentration was 320 = 12Nai00 g, the range between
subjects was 98 - 561 mg Na/100 g. The mean LSerration was 155 + 47 mg

Na/100 g, the range between subjects was 63 -234Nal§00g. The mean HS

concentration was 575 + 173 mg Na/100 g, the rdrej@een subjects was 234 - 870
mg Na/100 g.

Ad libitum intake of soup

Figure 3.1 shows the ad libitum intake of soup athbmeal settings. Salt intensity in
soup affected the ad libitum intake: F(2, 210) 6, % = 0.004. Post hoc analyses
showed that consumption of IS soup was higher thahof LS soupP = 0.0497, and
higher than the HS soup: < 0.001. Consumption of LS soup was higher thah dha
HS soup:P = 0.045. There was no effect of meal setting otilatlim intake of soup:
F(1, 210) = OP = 0.99 and no interaction between salt intensity, (IS or HS soup)
and meal setting on ad libitum intake of soup: @) = 001, P =1.0. In addition, the
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eating rates of soup intake were 72 + 28 g/mirLir 71 + 25 g/min for IS; and 67 + 27
g/min for HS. Eating rate was not affected by sa#nsity: F(2, 209) = 1.5 = 0.23, or

by meal setting: F(1, 209) = 0.P,= 0.40. In addition, in the “soup as second course”
setting, the amount of consumed raisin buns (desdrin “soup as second course”
setting in the subjects and methods section) didimituence the amount of soup
consumption: F(3, 125) = 1.B,= 0.19.

P <0.05
P <0.05 P <0.001
450+ I 1 |
—_— [CJ Soup as
400+ — first course
Bl Soup as
S 350+ second course
£ 3001
s
£ 2504
200+
150
LS IS HS

Figure 3.1 Ad libitum intake (g) of LS, IS and HS soup (Me&aisD), in “soup as first course” and “soup
as second course” setting.

Hedonic and intensity ratings

Table 3.2 shows hedonic and intensity ratings of ISSand HS soups in both meal
settings. Initial pleasantness and desire-to-eah®flS soup was higher compared to
both the LS and HS soups in both meal settingsalrpleasantness and desire-to-eat
was similar between the LS and HS soup in both metéihgs. Both initial pleasantness
and desire-to-eat ratings were higher when souposasumed as a first course than
when it was consumed as a second coWPse:0.001. The LS soup was rated below
ideal towards the “not nearly salty enough” end)(4¢Be IS soup was rated around the
ideal point (~0) and the HS soup was rated abogal itbwards the “much too salty”

end (>0). The overall taste intensity showed tiet HS soup was rated as higher
intense than the IS soup, and the IS soup was aatbdyher intense than the LS soup.

After intake of soup, its pleasantness decreased itases. There were no differences
in decrease in pleasantness between the three anddsetween the two meal settings.
In addition, desire-to-eat ratings decreased afterp consumption. The desire-to-eat
after intake of the IS soup decreased more thadd¢kge-to-eat after intake of both LS
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and HS soups in both meal settings. Relative-talidalt intensity ratings did not
change after intake of soup. Ratings of overalietastensity showed a small increase
after intake of the IS soup.
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Table 3.2 Initial and change in ratings (mean and SD) ebphntness, desire-to-eat, relative-to-ideal s@nsity, and overall taste intensity for LS, 181 &5 soups.

Soup as first course Soup as second course
LS soup IS soup HS soup LS soup IS soup K so
Mean  SD Mean  SD Mean SD Mean SD Mean SD MeanSD p p?
Pleasantness
Initial 60 15 e 12 63 19 58 17 65° 16 53 18 0.007  <0.001
Change -g* 16 -11* 16 -13* 20 -O* 15 -11* 18 9*- 19 0.29 0.89
Desire-to-eat
Initial 61 17 68 15 64" 16 54 18 63 16 5% 16 0.049  0.009
Change 28% 19 -36*° 19 -33#P 19 -25% 16 -35%° 22 -28* 18 0.007  0.016
Relative-to-ideal salt intensity
Initial -12 14 P 7 13 14 12 13 ¢ 11 15 17 <0.001 <0.001
Change 1 13 2 10 2 13 -1 12 1 9 3 18 069 104
Overall taste intensity
Initial 4% 15 59 12 63 15 43 15 56 11 64 14 <0.001 <0.001
Change 3 15 5* 10 2 12 3 13 4* 10 4 12 0.55 .910

abc\Mean values within a row and within a meal setivith unlike superscript letter are significantlijferent (P < 0.05).

* Significant change: post-consumption minus prastonption ratingsR < 0.05)

! p-value of mixed model comparing initial and chaigeatings of LS, IS and HS soup when soup is conslias first course.

2 p-value of mixed model comparing initial and chaimgeatings of LS, IS and HS soup when soup is corslias second course.
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Appetite ratings and thirst

Initial appetite ratings (i.e., hunger, fullnesslgmospective consumption) did not differ
between soup conditions and meal settings (datahwwn, allP-values > 0.53), which
indicate that subjects were in the same hungre $tefiore each lunch session.

After ad libitum intake of soup in the “soup assficourse” setting, ratings of hunger
and prospective consumption decreased and fullmeseased. These changes in
appetite ratings did not differ between soup coodg: P > 0.15. Ratings of thirst were
affected by salt intensity in soup, thirst decréage83 mm after LS soup; -7 mm after IS
soup and -2 mm after HS soup= 0.012. After consumption of the second cours, (.
buns with fillings), ratings of hunger and prospestconsumption decreased and
fullness increased. Again, these changes in appeiiings did not differ between soup
conditions:P > 0.12.

After ad libitum intake of soup in the “soup as@ed course” setting, ratings of hunger
and prospective consumption decreased and fullms®ased, these changes in
appetite ratings did not differ between soup cood#: P > 0.54. Ratings of thirst were
affected by salt intensity in soup, thirst decréage8 mm after LS soup; -8 mm after IS
soup; and -2 mm after HS soupx 0.001.

Water consumption in the “soup as first coursetisgtwas 284 + 136 g in the LS soup
condition; 297 £ 158 g in the IS soup conditiondaB6 + 158 g in the HS soup
condition. Water consumption in the “soup as seaandse” setting was 223 + 160 g in
the LS soup condition; 221 + 163 g in the IS soapdition; and 248 + 165 g in the HS
soup condition. Water consumption during lunch wasaffected by the salt intensity
in soup: F(2, 202) = 0.5% = 0.55, but was higher when soup was consumedfiest a
course than as a second course: F(1, 202) =R%3%).001.

Differences in appetite ratings between meal settys

Figure 3.2 shows the changes in hunger for both setings and for each course. In
both meal settings, the first course (either prloasoup) led to smaller decreases in
ratings of hunger and prospective consumption thansecond course (either soup or
buns and fillings)P < 0.001. This means that hunger after soup inta&keedsed more
when it was consumed as a second course thaniss$ eofurse: F(1, 210) = 33.&8 <
0.001, despite the fact that the same amount gb seas consumed. In addition, the
prospective consumption ratings led to larger desge when soup was consumed as a
second course (-34 £ 18) than as a first course £-28): F(1, 210) = 54.97 < 0.001.
The increase in fullness when soup was consumed sscond course (30 + 19),
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however, did not differ from the increase when saas consumed as a first course (27
+21): F(1, 210) = 1.3 = 0.29.

Soup as first course Soup as second course

0 LS IS HS LS IS HS
E C—dpreload
E Csoup
S .25 @ buns
5
L
£
o -50+
(o]
c
1]
L
(&)
-75=

Figure 3.2 Changes in hunger (Mean + SD) after intake ohlsotup and buns with fillings in “soup as
first course” setting, and after intake of bothlpael and soup in “soup as second course” setting.

Food choice after ad libitum intake of soup in “sop as first course” setting

Table 3.3 shows intake in gram and energy of theors® course after soup
consumption. The total intake of the second codrdenot differ significantly in grams
and energy between soup conditions, however the malaes show that intake in the
second course partly compensates for soup consampflonsequently, total lunch
intake (soup plus second course) showed no difteiem intake in grams and energy
between soup conditions.

Savoury fillings in grams were consumed more thaees fillings in grams after each
soup:P < 0.001. There was no difference in sweet vs. saviotiake of fillings between
soup conditions, neither in % of weight nor in %eokrgy. The absolute intake of total
savoury fillings was largest after intake of the B&up. However, intake of separate
savoury fillings: cheese, gammon and cervelat,ndiddiffer between soup conditions:
P > 0.19. Total sweet fillings in grams and energy diot differ between soup
conditions. Also intake of separate sweet fillinglsocolate sprinkles, jam and hazelnut
paste, did not differ in intake between soup coodi P > 0.09. Intake of buns was
about 100 g and did also not differ between souqalitions:P = 0.65.

Salt intensity in soup affected sodium intake frblimgs in the second course (Table
3.3); sodium intake was largest after consumptibth® HS soup. Also the total intake
of sodium was different between soup conditionst pmc analyses showed that total
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sodium intake (soup plus second course) was hafiterr consumption of HS soup than
after consumption of IS and LS soupx< 0.001, and sodium intake after IS soup was
higher than after LS soup:< 0.001.

To get insight in the palatability and frequencycohsumption of the used sweet and
savoury fillings in daily life, subjects rated tkesaspects on a 7-point scale
guestionnaire. Mean pleasantness ratings were @rddar each filling (between 4.9 £
1.3 and 5.6 = 1.1), except for cervelat that wasddower: 3.9 £ 1.8. Cheese was
consumed most frequently: + 2-3 days a week; fadid\wy chocolate sprinkles: + 1 day
a week. Gammon, hazelnut paste and jam were comktirBe8 days a month. Cervelat
was consumed least frequently, less than one dayrah.
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Table 3.3 Intake (mean and SD) of second course and soititatke in “soup as first course” setting

LS soup IS soup HS soup
P2
Mean SD Mean SD Mean SD
Intake 29 course (g) 172 66 163 66 181 73 0.20
Intake 29 course (kJ) 2084 814 1996 761 2193 852 0.27
Total intaké (g) 426 135 437 158 420 132 0.61
Total intaké (kJ) 2411 844 2347 791 2501 879 0.50
Total savoury fillings (g) 4% 41 38 36 50 45 0.026
Total savoury fillings (kJ) 489 444 423 373 546 354 0.052
Total sweet fillings (g) 21 19 24 20 25 25 0.22
Total sweet fillings (kJ) 344 342 417 362 406 441 0.13
Weight% savoury 59 33 55 32 59 32 0.51
Energy% savoufy 54 36 49 32 54 33 0.26
Na intake soup (mg) 394 220 896 648 1364 719 <0.001
Na intake from fillings (mg) 43P 376 368 328 487 408 0.017
Na intake 2“course (mg) 1020 507 926 447 1070 549 0.089
Total Na intake (mg) 1474 574 1818 827 2454 1018 <0.001

abc\Mean values within a row with unlike superscrigttér are significantly differen®(< 0.05).

! Soup plus second course.
2 p-value of mixed models comparing intake of secomatse and sodium intake after consumption of L& HS soup.

% Percentage savoury from total sweet plus totabwsafilling
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Desire for sweet and savoury in “soup as first cose” setting

Table 3.4 shows the initial and the change in gatifor desire-for-savoury and desire-
for-sweet. Initial desire-for-savoury was highearnhfor sweet, and did not differ
between soup conditions. After soup intake, théredsr-savoury decreased; however,
this decrease was not affected by salt intensitgadop. Desire-for-sweet remained
unchanged after soup intake. The desire-for-swéet aoup intake was positively
correlated with actual intake of total sweet figil;nin gram: r = 0.49P < 0.001, and
negatively with actual intake of total savouryifiis in gram: r = -0.372 < 0.001. The
desire-for-savoury after soup intake was positiwayrelated with actual intake of total
savoury fillings in gram: r = 0.4R < 0.001, and negatively with actual intake of total
sweet fillings in gram: r = -0.37 < 0.001. After lunch, both desire-for-sweet and
desire-for-savoury decreased (Table 3.4). The amng desire-for-savoury did not
differ between soup conditions after intake of $keond course. However, the absolute
value for desire-for-savoury was lower in the H8saondition after the lunch (post-
consumption ratings), this is in accordance witlyéat consumption of total savoury
fillings (Table 3.3).

Table 3.4 Ratings (mean and SD) of desire-for-sweet an@aiar-savoury in the “soup as first course”
setting.

LS soup IS soup HS soup
Mean SD Mean SD Mean SD pP*
Desire-for-savoury
Initial 72 15 71 14 72 16 0.97

Change after soup -12* 18 -14* 19 -12* 18 0.65

Change after” course  -36* 24 -35* 19 -42% 23 0.11

Post lunch 2% 20 22° 20 1?7 17 0.045
Desire-for-sweet

Initial 56 20 51 23 54 22 0.24

Change after soup 1 19 3 24 -3 21 0.22

Change after™ course ~ -32* 27 -29* 26 -29* 28 0.77

Post lunch 25 20 25 21 23 19 0.65

abeMean values within a row with unlike superscrigttér are significantly differenP(< 0.05)
*P-value of mixed model comparing initial and changeatings of LS, IS and HS soup conditions.
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Discussion

The present study shows that salt intensity afteei libitum intake. As expected, ad
libitum intake of the most palatable IS soup waghkr than both LS and HS soup.
Moreover, salt intensity affected ad libitum intakeen when palatability was kept
constant, as intake of HS soup was about ~8% Itivear LS soup. Ad libitum intake of
soup was equal and also equally affected by paléyafdS vs. both LS and HS) and
salt intensity (HS vs. LS) when either soup wasscomed as a first or second course. In
addition, salt intensity in soup did not predictegtvvs. savoury choice of sandwich
fillings in grams or energy. Absolute intake of mod from fillings, however, was
highest after intake of HS soup compared to ISlshdoup.

Two other studies also suggested that higher si@nsity decreases intake (120, 135).
Mashed potatoes were consumed in higher quantitiesn the salt concentration was
low, whereas sensory evaluation tests showed prafes for higher salt intensities
(135). In another study, pasta with tomato sauet tontained three different salt
concentrations: low, ideal and high, showed theesatake pattern as in the present
study: ideal>low>high (120). However, the low andhhsalt concentrations were not
matched for equality in palatability. A higher sadtensity (i.e., higher than ideal) are
often evaluated as less palatable than a lowerirdahsity (i.e., lower than ideal) in
soup. When pleasantness is plotted against sateotnation, the higher than ideal salt
concentrations show a faster decline in pleasastriban lower than ideal salt
concentrations (118, 119, 168). The present sthdys that there even is an effect of
salt intensity on ad libitum intake when the pabdity is kept constant.

An explanation for the effect of salt intensity ad libitum intake might be that an
increased salt intensity results in an increased®g exposure. The increased sensory
exposure may lead to faster onset of satiationndugonsumption. Accordingly,
Yeomans (20, 120) showed that an increased inyeokihe taste of food led to faster
decrease in hunger, and consequently lower intaiceeased taste intensity may also
trigger to consume with smaller bite sizes. De Wijkal. (178) has found that higher
aroma intensities resulted in smaller bite sizedjugting the bite size allows people to
self-dose the taste intensity, and consequentlgtheunt of nutrients. Smaller bite sizes
are associated with lower intake (92, 93, 96). Waesalt intensity affects bite size and
whether that leads to a decreased intake will bestigated in a next study.

In contrast to the present study, in our previowslys no effect of salt intensity was
found on ad libitum intake of tomato soup when tzdddity was kept constant (LS vs.
HS) (chapter 2, 168). The experimental design wamst equal to the design of the
present study, except that tomato soup was prebergethe only lunch-item. This
suggests that the context in which the food is estraetermines effects of sensory
signals on ad libitum intake. Also Vickers et dl12, 116) showed when yoghurt was
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consumed as only lunch-item, high-sweet yoghurgh(@dr than ideal) was consumed
more than low-sweet yoghurt (lower than ideal) velasrthe opposite result was found
in a multi-item lunch. In our previous study, sudtgewere in a hungry state and soup
was the only food to alleviate hunger (chapterGB)1in the present study, we assumed
to create meal settings in which subjects termiraesumption based on sensory
factors rather than on hunger. Subjects did no¢ ha\alleviate their hunger completely
with soup because they were presented a second(fee@ap as first course” setting) or
were less hungry prior to soup consumption whery ttensumed a preload before
(“soup as second course” setting). The fact thatldenot find an effect of salt intensity
when soup was consumed as only lunch item, sugtiegtiunger may diminish effects
of sensory signals on satiation. The contributidnsensory versus physiological or
psychological factors on satiation in different taxts of food consumption needs to be
studied further.

Ad libitum intake of soup was equal when soup wassamed either as a first or second
course, while subjects were in a different statdhafiger. Subjects were less hungry
when soup was consumed as a second course tharfiras @urse. The amount of
consumed soup was around 250 g, which is an avemgang size of soup. The portion
size that people consume of a specific food is idensd to be learned by previous
experiencg52, 170), but it is unsure how this exactly isuleged. Usually, visual cues
play an important role in decisions on portion s{%8). In this case, however, self-
monitoring the amount consumed was not possiblauss a self-refilling bowl was
used (55). Other processes that may have playel anight be the oral exposure time,
the time course in which subjects usually consumg sthe number of bites or the
degree of stomach filling.

Although ad libitum intake was equal in both mesttiags, the change in hunger and
prospective consumption ratings were much largeerwbBoup was consumed as a
second course. The changes in hunger and prospecnsumption were about similar
when the two first courses are compared (soup aeldad) and when the two second
courses are compared (buns with fillings and solipis suggests a certain pattern of
appetite during the meal. This was illustrated ipl@ when hunger is plotted against
intake (20, 120, 121), in the beginning of a meahger remains constant or increases
slightly, while during the meal hunger starts ter@ase. As a result, hunger decreases
faster at the end of the meal. This supports asulrehat hunger decreased more when
the second course was consumed (buns with filliogssoup). We did not find
differences in fullness when soup was consumedssarter or after a preload. This is in
accordance with findings that fullness ratingseetfithe actual amount consumed (20,
121). Consuming the same amount of soup in bothl s&téings, despite different
ratings of hunger, suggests an effect of habitsamned decisions on portion size.
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There was no effect of salt intensity in soup oeetws. savoury choice of fillings in

weight or energy percentages. Before soup intak&siretfor-savoury was higher than
desire-for-sweet. This is in agreement with thélifig that desire-for-savoury fluctuates
and is highest before meals and that desire-foeswamains more constant during the
day (172). After consumption of soup, desire-foreaay decreased similarly between
soup conditions, until a value that almost equdle tlesire-for-sweet. Subjects
consumed more savoury fillings than sweet filling$otal, although the choice of sweet
vs. savoury sandwich fillings did not differ betwesoup conditions. Vickers et al.

(116) found a drop in liking for sweet productseaftonsumption of a high-sweet
yoghurt, compared to ideal-sweet and low-sweet yaghWe did not observe a larger
drop in desire-for-savoury and consequently fewéakies of savoury fillings after the

HS soup. In contrast, savoury fillings even showeal largest consumption in grams
after consumption of HS soup.

After consumption of HS soup, sodium intake froflinlgs was largest in the second
course, this was due to the largest consumptiosawbury fillings compared to the
other soup conditions. All mean values of the sagasavoury fillings were numerically
highest in the HS soup condition (data of sepdititegs not shown), so the increased
sodium intake was not due to one specific filliBgbjects thus seemed to continue with
high sodium intake after consuming HS soup. It mighthat subjects preferred a salty
taste after consuming the salty tasting HS soug fannd the sweet tasting fillings too
“bland”. People may get used to the exposed sthsity in a food, and may not prefer
much different salt intensities at that moment,baitdy due to contrast effects (128,
129, 132). Accordingly, to our previous study (dea2, 168), in which we showed that
after consumption of HS soup, LS soup was perceagetbo “bland” and therefore less
pleasant than just consumed HS soup. This meahsddaim intake from soup is not
compensated by sodium intake from a second coAréealth beneficial consequence
is that consumption of a low-salt soup does propabt lead to higher sodium intake
from a second course.

In summary, the present study showed that salhsitiedecreased ad libitum intake of
tomato soup when palatability is kept constantaddition, salt intensity in soup did not
predict sweet vs. savoury food choice. Absoluteakat of sodium from fillings,
however, was highest after intake of HS soup cosgptr IS and LS soup. Ad libitum
intake of soup was equal when soup was consumedfast or second course. The
latter indicates that habits or learned decisioadgraportant in portion size.
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Abstract

Orosensory exposure to sweetness has been shdyenirtgportant in satiation, whereas
the effect of exposure to a salty taste on satiasonot known. The primary objective
was to investigate the effect of orosensory expotiore to and intensity of saltiness in
soup on ad libitum intake. The orosensory exposuare was manipulated by changing
the bite sizes. The secondary objective was tostny&te the effect of intensity on bite
size. Fifty-five healthy men consumed ad libituronfr both a low-salt (LS) and a high-
salt (HS) creamy tomato soup in two exposure timdiions, established by a small
and large bite size condition (“small” and “largednd a free bite size condition
(“free”). Bites were administered and controlled @ pump. In the “small” condition,
bites of 5 g were administered in 2 s at interedlS s (oral exposure time: 40 s/100 g).
In the “large” condition, bites of 15 g were admsitered in 3 s at intervals of 15 s (oral
exposure time: 20 s/100 g). The eating rate wasleguthe “small” and “large”
conditions (60 g/min). In the “free” condition, piaipants adjusted their bite sizes at
intervals of 15 s. The “large” condition resulted +34% higher ad libitum intake
compared to the “small” conditiorP (< 0.001); there was no interaction with intensity.
Ad libitum intake of HS soup was ~9% lower than §8up P < 0.001). The “free”
condition showed that HS soup was consumed withlemaite sizes during the first
half of the intake periodX< 0.05). Longer orosensory exposure, establisiyesiraller
bites, and higher saltiness intensity both decrbaf®d intake. Prolonging the
orosensory exposure per gram food may be helpftddace food intake.

Keywords: orosensory exposure, bite size, intensity, satiation, ad libitunintake
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Introduction

Obesity is an increasing problem in the westernespcOverconsumption during an
eating episode is considered a major cause of @rghtvand obesity (97, 122, 123).
Insight in food intake regulation is, therefore, gfeat concern. During a meal,
consumption is driven by signals of reward in thaif (positive feedback). These
reward signals will finally be overruled by signaissatiation (negative feedback) that
result in meal termination (20, 121, 179). Thiermttion of feedback signals influences
meal size. Exposure to food in the oral cavity ¢ertsory exposure) is essential for
establishing feedback signals of satiation (20,)18@cordingly, direct infusions of
food into the stomach or duodenum elicit much weagsponses on satiation compared
to oral intake of food (91, 180).

Eating rate has been shown to influence meal aifaster consumption leads to higher
intake (9-11). The most obvious distinction in egtrate is between liquids and solids.
Liquids are consumed much faster than solids oi-sefitls and show indeed higher ad
libitum intakes (9-12, 181), even when they areabqn energy density (10, 12).
Liquids are consumed with larger bite sizes thdidsowhich leads to a faster eating
rate (12) and, consequently, a shorter orosensqrgseire per gram food. Controlled
experimental designs have shown a direct negatelation between orosensory
exposure time and intake (92, 93). Until now, oslyeet tasting foods have been used
to investigate effects of texture (liquid vs. sesulid or solid), eating rate or orosensory
exposure time on satiation (10, 12, 87, 88, 92, 93)

Orosensory exposure to a sweet taste has been togmedict energy intake and is able
to induce satiation (182-186). Other taste qualitieay elicit different effects on
satiation. Salti(e., sodium chlorideper seis a nutrient that does not contain energy and
may therefore not be associated with energy. Sodsuneeded to control the body’s
fluid balance, but the intake of sodium is not laged on the short-term, as is the intake
of energy (187, 188). The contribution of orosegsexposure to salty, savoury tastes
on satiation is not known.

Saltiness intensity has been shown to have a ®fialit on satiation (chapter 3, 189).
Ad libitum intake of a high-salt soup was lowernhhat of a low-salt soup, while the
soups were similar in palatability. The underlyingechanism of the effect of taste
intensity on satiation is not known. One possilXpl@nation is that the intensity affects
intake via bite size. Recent data suggest that an increaggoma intensity led to
consumption with smaller bite sizes (178). In gahesmaller bite sizes lead to lower
food intake (92, 93, 96, 98). Higher intensity aste, therefore, may drive people to
consume with smaller bite sizes and this may resuttwer intake.
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The main objective was to investigate the effecoxfsensory exposure time to and
intensity of saltiness in soup on satiation. Oresey exposure time was manipulated
by changing the bite size. Satiation was measwdtleaamount of ad libitum intake of
soup during lunch. The second objective was to Stigate the effect of saltiness
intensity in soup on bite size.

Materials and Methods

Participants

Sixty-two male participants were recruited for mapiation. Fifty-five participants
completed the study, five participants droppedaduhe study before the start of the ad
libitum intake sessions and two participants missedpectively, two and three ad
libitum intake sessions. Participants were healtlad a normal weight (BMI 18.5-25
kg/m?, mean + SD: 22 + 2 kg/fj) were aged between 18 and 35 y (mean + SD: 22 + 3
y) and liked creamy tomato soup (pleasantness sed@en a 9-point hedonic scale).
Exclusion criteria were restrained eating (Dutctinggbehaviour questionnaire (DEBQ)
score > 2.89 (56)), following an energy-restriciidt during the last two months,
gained or lost > 5 kg weight during the last ydwmying a lack of appetite, smoking,
suffering from gastrointestinal iliness, diabetidyroid disease or any other endocrine
disorder, hypertension and kidney diseases. Raatits were informed that the aim of
the research was to investigate the effect of iddal taste sensitivity on taste
perception of soup. All procedures in this studyevapproved by the Medical Ethical
Committee of Wageningen University (NL31123.081.08) participants signed an
informed consent form before participation.

Test foods

Tomato soup with varying salt concentrations wasduas test product in this study.
One kilogram of soup was made from 600 g masheditmmieces (Heinz, Elst, The
Netherlands), 40 g cream (kookroom, private labébeX Heijn, Zaandam, The
Netherlands) and 360 g water. The mixture was deatgil 60 °C. The calculated
nutrient composition according to the labels of éised ingredients was: 1.0 g protein,
2.7 g carbohydrates, 0.9 g fat, 61 mg sodium ankll924 kcal) energy per 100 g soup.

Raisin buns (local bakery) were used as a preldhd. nutrient composition was: 8 g
protein, 52 g carbohydrates, 3 g fat, 300 mg sodamch 1120 kJ (268 kcal) energy per
100 g, according to the Dutch Food Composition batsa (NEVO, version 2009/1.0).
The amount of raisin buns as preload was calcul@iedach participant at half of the
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energy provided by an average lunch in the Nethddg175), which is equal to 11%

energy of the daily energy need. The daily eneggdnwvas estimated by the Schofield |
equation (176), taking into account: gender, agagkt and a physical activity level of

1.6 x BMR.

Experimental design

Salt concentrations for the LS and HS soups wdeeteel per subject during their first
visit, as described below. After that, subjectstedthe lab seven times during lunch,
including one practice session, to consume eitl®ot HS soup in a “small”, “large”,
or “free” bite size condition (2 x 3 cross-over iges Figure 4.1).

The six ad libitum conditions were presented indaaized order. Bites and intervals
were administered and controlled via a pump. Thiegaate was 60 g/min for both the
“small” and “large” condition, which is somewhatwer than the mean eating rate of
soup consumed in a “normal” manner with spoons (g/f2in) found in two of our
previous studies (chapter 2, 168 and chapter 3). I8t time of exposure of soup in
the oral cavity was 40 s/100 g in the “small” cdimi and 20 s/100 g in the “large”
condition (Figure 4.1). In the “free” condition, niaipants were able to choose their
own bite size. The “free” condition was used toestgate the effect of saltiness
intensity on bite size.

Time (s): 0 5 10 15
I I I

Small: . T —  xuasasssssssees — txsssssssassses — xxansn
59 59 59 59

Large: e e tEaieEa e rEEEEEEaEEaNEEaEEEErESErEEsssEEsrEsrEserass —
15¢g 15¢9

Free: —h 0 e R o N E b —
79

Figure 4.1 Bites and intervals in the “small”, “large” and é&” condition.In the “small” condition,
participants received 5 g of soup each 5 s. Oreedii6 g was administered during 1 s and swalloiwed
the next second (arrow). In the “large” conditiparticipants received 15 g of soup each 15 s. Giaeob
15 g was administered during 2 s and swallowethiénnext second. Participants heard an auditoryakign
when the soup was administered and a double ayditgnal when they had to swallow. In the “free”
condition, participants received soup each 15 sweare allowed to stop the administration by thevesl
to adjust the bite size.
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Chapter 4 — Effects of salt intensity and oral exye on ad libitum intake

Selection of individual salt concentrations for LSand HS soups

We selected salt concentrations for LS and HS soom individual basis to be similar
in palatability, because preference for saltinestensity varies largely between
individuals (117, 118, 138, 168). Additionally, weanted to compare the ad libitum
intakes of food that are similar in palatabilityal&ability is a well-known determinant
of the amount consumed (43-45, 112, 116, 120, 121).

The methodology for the individual selection is atédsed in detail in Bolhuis et al
(168). In summary, the pleasantness ratings of saih different salt concentrations
were plotted against concentration on a logaritheoale for each participant separately.
A salt concentration below (LS) and a salt con@imn above the most pleasant salt
concentration (HS) were selected by linear inteapioh based on similar pleasantness
ratings, meaning < 10 mm difference in pleasantna&tssgs. The distance in geometric
sodium concentration.€., the ratio) was equal between each selected padiSaand
HS soup, which was a factor 3.7.

Procedure of the ad libitum intake sessions

Participants were seated in sensory booths. Tlatedtwith consumption of a preload

of raisin buns. A preload was used so that pagripwould be less hungry before soup
consumption. It is possible that feelings of hungeay overrule sensory factors to

terminate consumption when participants are in iy \eingry state (chapter 2, 168,

chapter 3, 189). Participants were instructed ttsame all served raisin buns and they
were allowed to drink a maximum of 150 g water.eAfthat, participants paused for 30
minutes, they were able to read or study. They weteallowed to leave the sensory

room.

After the pause, participants received instructiand questions on a computer screen.
After answering several appetite and hedonic qolestias described below, participants
pushed a button on the screen to start soup corigump@hey were instructed to
terminate consumption when they felt they had ehouthe mean (x SD) initial
temperature of the soup was 52 + 3 °C and the rapdrtemperature was 48 + 2 °C.
Participants were instructed to stay in the senbogths for at least ten minutes after
they started consuming the soup. After ten minuaesalert popped up on the laptop
screen to inform participants that the ten minutad passed. This was to prevent
participants from leaving the research area foeiotbasons than being satiated with the
soup.

At the end of the last session, participants weke@d what the most important reason
was that they terminated consumption. They were dbl choose between “full”,
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“flavour was not pleasant anymore”, “the mannecaifsumption was not pleasant” and
“other” (an open answer that could be filled inlid'was only asked in the last sessions
because we wanted to prevent participants fromsiogutoo much on the termination
of soup consumption.

Control of bites, intervals and swallowing in the d libitum intake sessions

To control and measure the bite sizes and interygagicipants consumed the soup
through a food-grade silicon tube that was conmketbea peristaltic pump (Watson-
Marlow, types 520 and 323Du, Watson-Marlow Bredllmington, MA, USA). The
tube ended in a pan of soup that was placed onaadsa(Kern, type 440-49A, KERN
& Sohn GmbH, Balingen, Germany) to record the am@amsumed. The pump, the
pan and the balance were all located at the expeatars’ side of the sensory booths,
thus participants did not see the experimentalpsetu

When the pump started, participants heard an aydsignal to prepare them that they
would receive soup in their mouths. They heard ebloauditory signal when they had
to swallow. In the “small” condition, participantsceived 5 g in 1 s (pump speed was
set at 300 g/min), and had to swallow in the nexoad (Figure 4.1). In the “large”
condition participants received 15 g in 2 s (purppesl was set at 450 g/min), and had
to swallow in the next second. In the “free” corutit participants received soup at a
rate of 2.5 g/s (pump speed was set at 150 g/istiamking at the first second in pulses of
15 s. They were able to push a button on a comgeteen to stop the pump to enable
their bite sizes. In this condition, participantsres instructed to swallow as soon as they
stopped administration.

Standardization of the satiety state in the ad lidum intake sessions

To standardize the satiety state, participantsydvesarted the lunch session at the same
time. They were instructed to consume the samekfasiaand not to eat and only drink
water or weak tea 3 h before the lunch started.elher, they were asked to refrain
from drinking 1 h before the test started. Aftecledest lunch, participants had to
answer questions about what they ate for breakdadt whether they ate or drank
between breakfast and test lunch. To make sureiparts would consume soup until
they felt satiated; they were instructed not tousdd 1 h after the test.
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Appetite and hedonic ratings in the ad libitum inteke sessions

Just before soup intake, participants rated tleslirigs of hunger, fullness, prospective
consumption (how much they thought they could €B8)) and thirst on a 100 mm
VAS. After that, participants were served a smalmple of 10 g soup to rate
pleasantness, desire-to-eat the soup and RTI esdtimtensity on a 100 mm VAS. In
the “free” condition, participants rated saltingstensity and overall taste intensity and
not RTI-saltiness intensity on a 100 mm VAS. Th&idction was made because it is
considered difficult for participants to answer lb®&TI-saltiness intensity and saltiness
intensity within the same session. The same questi@re answered again at the end of
the ad libitum intake.

In addition, in the “small” and “large” conditionpleasantness, desire-to-eat, hunger,
and fullness were rated after intake of every 79lgese questions appeared on the
computer screen in random order.

The scale that was used for the pleasantness satiag labelled “very unpleasant” at
the left end (0 mm) and “very pleasant” at the trighd (100 mm). The scale that was
used for the desire-to-eat was labelled “not &talthe left end (0 mm) to “very much”
at the right end (100 mm). The scale that was @isethe RTI-saltiness intensity was
labelled “not nearly salty enough” at the left €D mm), “just right” in the middle (0
mm), and “much too salty” at the right end (+50 n{@68). The scale that was used for
the overall taste intensity and saltiness intensayg labelled “very weak” at the left end
(0 mm) to “very strong” at the right end (100 mm).

Statistical analyses

Statistical analyses were performed using SAS eeril.4 (SAS Institute Inc., Cary,
NC, USA). Data are presented as means + SD.

Effects of saltiness intensity (LS vs. HS) on rgsirof RTI-saltiness intensity, saltiness
intensity, overall taste intensity and pleasantiegsre ad libitum intake were assessed
in mixed linear models that included order and padicipants as repeated factor.

The changes in hunger and fullness during ad hiitotake were fitted per participant
in a linear model: y = a + bintake. A linear model was chosen because thisymex
the best fit in most individual curves. The ‘b’ wel(i.e., slope) indicates the change in
appetite during ad libitum intake. The curves shawthe results section are calculated
from the mean intercepts and mean slopes of theidul plots.

Effects of orosensory exposure time (“small” varfje” vs. “free”), saltiness intensity
(LS vs. HS), and their interaction on ad libituntake, appetite (ratings from before,
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during and after ad libitum intake) and thirst mgs8 were assessed in mixed linear
models that included order and pleasantness raingshad participant as repeated
factor. Tukey-Kramer adjustments were used fopadit-hoc comparisons in this study.

Effects of saltiness intensity (LS vs. HS) on lsitee and on the number of bites in the
“free” condition were assessed in mixed linear n®deat included order, pleasantness
ratings and had participant as repeated factorrsBeacorrelations coefficients were
calculated for ad libitum intake, saltiness intgndnedonic and appetite ratings vs. bite
size.

Results

Sensory characteristics of LS and HS soup

The selected sodium concentrations for LS soupedrigpm: 61 to 258 mg Na/100 g
(Table 4.1). The selected sodium concentrationdiférsoup ranged from: 232 to 966
mg Na/100g. RTI-saltiness intensity ratings showed HS soup was rated above ideal
(>0) and LS soup was rated below ideal (<0). Moeepthe overall taste intensity and
saltiness intensity of HS soup was higher than &8s On average, the individually
selected HS soup was rated as more pleasant teamdividually selected LS soup.
However, this was a difference of only 6 mm on 8 h@m VAS, which is within the
stated limit of a difference less than 10 mm inapbntness (see “materials and
methods” section). The sensory characteristics werasured before soup consumption
at each lunch session and were averaged for bodntd$S soup.
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Table 4.1Sodium concentrations and sensory characteristicS and HS soupgs

LS soup HS soup P
Na/100g soupmg 146 + 49 547 £183 <0.001
RTI-saltiness intensity’, mm -14 + 15 10+ 14 <0.001
Saltiness intensitymm 31+17 60 +19 <0.001
Overall taste intensitymm 43 +19 63 + 14 <0.001
Pleasantne$Smm 53 +19 59 £ 20 0.009

T Values are means + SB= 55

2The sensory characteristics were rated beforebitdri intake of soup on a 100 mm visual analogue
scale (VAS)

3 LS = low-salt, HS = high-salt, RTI = relative-tdeial

* Rated in “small” and “large” conditions

® Rated in “free” condition

Ad libitum intake

Ad libitum intake of soup was affected by effectsooosensory exposure tim@
0.001), and saltiness intensitf? < 0.001) (Figure 4.2). There was no interaction
between orosensory exposure time and saltinesssitygP = 0.83). Ad libitum intake
of HS soup was 8-9% lower than LS soup in all thoeesensory exposure time
conditions. Ad libitum intake was ~34% higher iretlarge” condition than in the
“small” condition P < 0.001). Ad libitum intake in the “free” conditiowas ~13%
lower than in the “large” conditionP(= 0.005) and ~17% higher than in the “small”
condition @ = 0.037).
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Figure 4.2 Ad libitum intake of soup. Values are means + SDs 55. Means without a common letter
differ, P < 0.05. *Different from corresponding L8,< 0.05. LS = low-salt, HS = high-salt.

Appetite and thirst ratings before and after ad lidtum intake

The appetite ratings before ad libitum intake dad differ between conditions (Table
4.2), indicating that participants were in the sastate of satiety before soup
consumption. The change in appetite ratings aftdibitum intake was not affected by
0rosensory exposure time or saltiness intensityyats interactions.

In the preload phase, participants were allowedrittk water (max. 150 g), this was on
average: 142 + 40 g, and did not differ betweerdgmns @ = 0.79). Ratings of thirst
increased after HS soup consumption and decredi®rd.& soup consumption (Table
4.2).

Appetite ratings during ad libitum intake in the “small” vs. “large” condition

Hunger decreased faster during soup consumptitimeifismall” condition compared to
the “large” condition P = 0.014) (Figure 4.3). The decrease in hungerneasffected
by saltiness intensityP(= 0.41). Likewise, fullness increased faster ie tmall”
condition compared to the “large” conditio® & 0.027), but was not significantly
affected by saltiness intensiti? € 0.10). There was no interaction effect (orosgnso
exposure time x salt intensity) on the decreaskuoiger P = 0.91) or the increase in
fullness P = 0.38). The dots visualize the mean ad libitutakes in each condition
(Figure 4.3). Interpolation from the mean ad libituntakes to the appetite ratings
visualizes that the appetite ratings after intakerewnot different in the “small”
compared to the “large” condition. In summary, &rdpites thus shorter orosensory
exposure resulted in a slower change in hungefdiméss during consumption.
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Figure 4.3 Linear functions of hunger (A) and fullness (B)imgs against soup intake in the “small” and
“large” conditions,n = 55. The curves are calculated from the meandafgs and mean slopes of the
individual plots (y = a + b x intake). The dots thie curves visualize the mean ad libitum intakesaoh
condition. LS = low-salt, HS = high-salt.

Bites sizes in the “free” condition

The mean bite sizes varied greatly between indalgludrom 3.6 g to 25.2 g. The mean
bite size for LS soup was 13.8 + 3.8 g and the nietnsize for HS soup was 13.1 £
4.4 g P = 0.053). Bite size was mainly affected by saksétensity during the first
quartile £ = 0.048), and second quartile (P = 0.039) of smupsumption (Figure 4.4).
Bite size was negatively related to saltiness sitgnand positively to ratings of ad
libitum intake, pleasantness, desire-to-eat, huager prospective consumption (Table
4.3). In addition, the mean number of bites of &delibitum intake was higher when
consuming LS soup: 24.1 + 12.4, than when consurkiSgsoup: 22.4 + 12.4P(=
0.008).
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Table 4.21nitial appetite ratings and the change in ratiafier ad libitum intake

Small Large P P p*
LS®soup  HS®soup LS soup HS soup LS soup HS soup Time Salt Time* salt
Hunger
Initial 58 £ 19 58 + 17 57+19 60 + 17 60 £+ 20 58 +18 0.84 0.63 0.47
Change -38 £ 24 -35+24 -39 £ 22 -43 + 22 -37 £ 22 -35+24 0.07 0.55 0.13
Fullness
Initial 3720  38+16 41+21 3719 36+20 36+18 0.51 0.53 0.60
a‘g Change 40 £ 23 36 £23 40 £ 27 42 £ 24 37 £26 38+24 0.19 0.39 0.49
Prospective consumption
Initial 57+ 17 59+14 57 +£18 60+ 17 61 +18 58 £+ 16 0.67 0.85 0.11
Change -37+23 -36 + 22 -37+23 -39+ 23 -38+20 -32+23 0.35 0.09 0.13
Thirst
Initial 53+21 55+ 19 53+20 52 +20 53+21 52 +20 0.68 0.83 0.69
Change 7 +26 8+2@ 7+22 9+24 7+24 8 +22 0.83 <0.001 0.98

TValues are means = SB= 55. Mean values without a common letter diffex 0.05
“The appetite and thirst ratings were rated on ami@0visual analogue scale (VAS)
%S = low-salt, HS = high-salt
“P-value of interaction: orosensory exposure timkirsass intensity
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% * —— HS
14+
= A A
() 13+ = = \
N
n
L 12+
o
115 Figure 4.4 Bite sizes of each quartile
10 during consumption in the “free” condition.
0-25 25-50 50-75 75-100 Values are means + SDpn = 55,
Bite number of soup Consumption (%) *Difference between LS and H9,< 0.05.

LS = low-salt, HS = high-salt.

Table 4.3Correlations of bite size with intake and hedapgpletite ratings in the “free” conditibn

Bite size
Ad libitum intake 0.41%**
Saltiness intensity -0.23*
Pleasantness 0.29**
Desire-to-eat 0.28**
Hunger 0.24*
Prospective consumption 0.22*

! Values are Pearson correlation coefficientsn(= 55
* P <0.05; **P<0.01; ***P<0.001

Reasons to terminate consumption

Thirty-eight participants indicated that they hadminated consumption because they
were full, twelve participants indicated that “thavour of the soup was not pleasant
anymore”, four participants indicated that theyntgrated because “the manner of
consumption was not pleasant” and one participasitated that it was a combination

of the flavour and the manner of consumption.
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Discussion

The present study shows that orosensory exposue dtlearly affects satiation of a
savoury, salty food. Larger bite sizes, thus shartesensory exposure per gram food,
resulted in ~34% greater intake than smaller b#tess thus longer orosensory exposure.
In accordance, a shorter orosensory exposure waiated with slower changes in
ratings of hunger and fullness during intake. Bibth increased intake and the slower
changes in appetite ratings indicate that a shomasensory exposure to food delays
signals of satiation. The effect of orosensory expe time was not influenced by the
saltiness intensity. In addition, higher saltinegensity in soup led to lower ad libitum
intake and to smaller bite sizes.

To our knowledge, this is the first time that thieet of orosensory exposure time of a
savoury, salty food on ad libitum intake is meadufiéhe results of the present study on
ad libitum intake are in line with the results tidies that used sweet tasting foods (92,
93). Weijzen et al. (92) used a similar experimesgtup as the present study: smaller
sips were administered more frequently than lasges and the exposure time per gram
was twice as high in the small sip condition conspato the large sip condition. The
results of that study (92) showed that intake witialler sips, thus a longer orosensory
exposure, led to ~29% lower intake for a regulaergy orangeade and 16% lower
intake for a no-energy containing orangeade. Int@dd Zijlstra et al. (93) investigated
the effect of bite size (5 g vs. 15 g) and oralesype time (3 s vs. 9 s) separately on ad
libitum intake. Both larger bite sizes and a shodeposure time resulted in higher
intakes of chocolate custard (effects of resp. ~3if ~15%), which is again in line
with the results of the present study.

Orosensory exposure time has a larger effect thamtensity to saltiness on ad libitum
intake according to the present study. In additiba,effect of orosensory exposure time
was independent of the saltiness intensity. Thiscates that orosensory exposure time,
apart from taste quality or taste intensity, isyvienportant for food intake regulation.
This is in accordance with a recent study (80) staiwed that only the orosensory
exposure, manipulated by the manner of consumgsipoon or straw), affected intake,
whereas different flavours, even when combined witferent energy densities, did not
affect intake. Moreover, another study showed thanhipulating the taste quality by
either sweet or savoury, while all other aspectdudting palatability were held
constant, did not influence intake (83). Togethlee, orosensory exposure time, which
is affected by manner of consumption, may be mamnportant in the process of
satiation than taste quality or intensity when fadddity is held constant.

The present study shows that a shorter orosengposare per gram food leads to more
intake and delays feelings of hunger and fullnésshort orosensory exposure to food,
therefore, may lead to insufficient sensing of ieumts in the oral cavity and this can
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easily lead to overconsumption. In daily life, lidsi are consumed with a much shorter
orosensory exposure time than and non-liquid fo@lsl0, 181). The energy intake

from liquids has been rising over last past decadesg with the obesity epidemic

(190, 191). Moreover, liquids have a low satiatcgpacity (87) and is only poorly

compensated by subsequent food intake (88, 192).

In the present study, higher saltiness intensgylts in a smaller bite size. Also de Wijk
et al. (178) found that a higher aroma intensiguted in smaller bite sizes. Adjusting
the bite size allows people to self-dose the tedensity and consequently the amount
of nutrients. In literature, smaller bite sizes svdound to be associated with lower
intake (92, 93, 96, 98), although one study didfimat an effect of bite sizes on intake
(193). However, contrary to our hypothesis, thelEmaite sizes demonstrated for HS
soup do not explain the lower intake for HS soumpared to LS soup. Fixed bite sizes
(in “small” and “large” condition) led to the sardéference in intake between LS and
HS soup compared to the free bite sizes (in “fre@idition), as the effect size was 8-
9% in all three conditions. The effect of intensity bite size in the “free” condition
might have been too small to establish a largeredse in intake of the HS soup. In
addition, bite size is not only predicted by sa$s intensity in the present study, but
also by palatability and hunger. The results ofeotstudies already showed that bite
size depends on palatability (194) and the stateinfer (13).

The results show that higher saltiness intensagdeto lower ad libitum intake. The salt
concentration for the low and high saltiness intgnwas selected to be similar in
palatability on an individual basis. A similar effesize (~8%) was found in a previous
study in which the palatability was also kept canston an individual basis (chapter 3,
189). In that study, participants consumed sou@ fhormal manner” with a spoon. A
self-refilling bowl was used to diminish visual suef the amount consumed. Also other
studies found that a higher saltiness intensityttedower ad libitum intake of pasta
sauce (120) and mashed potatoes (135), howeveatapdity was not kept constant. It
Is not exactly clear why saltiness intensity affesatiation. As discussed above, the
lower intake of HS soup is not only explained byalier bite sizes. Higher taste
intensity in general may be associated with a laayaount of nutrients. Therefore,
people may feel satiated faster when consumingd foat is higher in taste intensity.
In accordance, a previous study showed that thpeeted satiation” value (measured
by ratings of: “How satiating is this food?”) wasdeed higher when the saltiness
intensity increased (chapter 2, 168). Expectatminsatiety/satiation have been shown
to play a role in the amount consumed (52, 195jtidi@ants may have perceived the
HS soup as more satiating than the LS soup aneftrerconsumed less of the HS
soup. Increasing the salt concentration in foodvener, should not be used as a tool to
lower energy intake. High levels of daily sodiumtake are associated with
hypertension (196) and cardiovascular disease (198),
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In the orosensory exposure time conditions chasehe present study, we did not only
vary the oral exposure time (40 s/100 g vs. 2064)0but also the bite sizes (5 g vs. 15
g) and the number of bites (12 bites/min vs. 4dhien). Also in a normal eating
situation, a smaller bite size is associated wilibveer eating rate (12, 199) and thereby
with a relatively longer orosensory exposure pangfood, like in the present study. In
addition, a smaller bite size automatically leadlsathigher number of bites per gram
food. Apart from the exposure time, also the nundidsites may influence satiation. A
possible role for the number of bites, apart frorasensory exposure time, will be
investigated in a next study.

In conclusion, a shorter orosensory exposure p@angood, established by larger bite
sizes, leads to higher intake and delays feelirigsuager and fullness in a savoury,
salty food. Orosensory exposure time has more itnpacsatiation than saltiness
intensity in the present study. Consumption of feoth a longer orosensory exposure,
for example with smaller bite sizes, will probabigduce intake within an eating
episode. Likewise, designing foods that will be sutmed with longer orosensory
exposure may thereby contribute to the preventfaverweight and obesity.
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Chapter 5 — Effects of number of bites and orabesce duration on ad libitum intake

Abstract

Higher eating rate leads to higher food intake,samgrably through shorter orosensory
exposure to the food. Bite size largely affectsngatate. Smaller bites are associated
with higher number of bites and longer oral resadenuration per gram food. The
separate role of these two aspects on satiatiomamiosensory exposure needs further
clarification. The objective was to investigate tdoutions of the number of bites
(bites/g) and oral residence duration (s/g) orstfiad libitumintake of soup, and
second, on the orosensory exposure per gram foothid 2 x 2 crossover study, 56
healthy male subjects consumed soup after a preldenie number of bites and oral
residence duration differed by a factor three, eesipely: 6.7 bites/100g vs. 20
bites/100g, and 20 s/100g vs. 60 s/100g. All comast had equal eating rate of 60
g/min. Effects on orosensory exposure of 30 g sowgl conditions were measured by
time intensity functions by 22 different healthybgcts. Higher number of bites and
longer oral residence duration reduced ad libitotake by respectively ~22% and ~8%
(P < 0.007), and both increased the orosensory expqgser gram foodR < 0.001).
Hunger and fullness after intake did not differviieen conditions. Higher number of
bites and longer oral residence duration reduced fimtake, possibly through the
increased the orosensory exposure per gram foodighleg foods that will be
consumed with small bites and long oral residengeatibn are both effective in
reducing energy intake.

Keywords: orosensory exposure, oral residence time, satialiite size
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Introduction

The current food supply consists of a majority afhty processed foods that support
fast intake of energy and minimal oral processlikg energy-yielding beverages and
foods low in fibre content (72, 200, 201). Foodatttan be consumed quickly (i.e., fast
eating rate, g/min) can facilitate over-consumptidnnumber of studies have shown
that higher eating rate leads to higher energykent®-12, 199, 202, 203). Several
studies suggest a positive association betweengeedie and and body weight status
(15-18, 204).

It is considered that the positive relationshipwsetn eating rate and energy intake is
mediated through sensory exposure to food in thé aavity (205). There is growing
evidence that oral sensory (i.e., orosensory) axgodo food is essential for
establishing feedback signals of satiation (71,9%2,182). Direct infusions of food into
the stomach or duodenum, thus bypassing the oregeesposure, give much weaker
responses of satiation compared to oral intake18Q, 183, 206).

In theory, there are three ways to slow down thegaate, thus the amount of food

consumed in time (g/min). The first is to prolomg uration of food in the oral cavity

(i.e., oral residence duration), the second iss® smaller bite sizes, and the third is to
lower the bite frequency. It is not clear how th&ssors that influence eating rate affect
food intake. As far as we know, only one study stigated the effect of oral residence
duration when all other variables, like bite sizel @ating rate were held constant. In
this study, longer oral residence duration per gfaad resulted in lower food intake

(93). Prolonging the pauses between bites, thuridive bite frequency, has been
shown to reduce food intake but only in people t@misumed large amounts(14), or
have no effect on food intake (207), or even legraater intake (208).

A number of studies have shown a link between &ite and food intake; larger bite
sizes result in greater food intake (13, 92, 93995209). We do not exactly know why
bite size affects satiation. In a normal eatingiadibn, smaller bite sizes lead to
relatively longer oral residence duration per gfaod (100, 210). Some studies explain
the effect of bite size on food intake by its effem oral residence duration or
orosensory exposure time (92, 209). Neverthelgsdghnition, bite size also increases
the number of bites per gram food. A higher numbkibites per gram food, for
example three bites of 5 g instead of one bite5ofj,lmeans a more pulsating exposure
to food, thus may result in relatively more orosegsexposure, and thereby influencing
satiation.

More insight into contributions of number of bitasd oral residence duration per gram
food on food intake will be helpful to a better enstanding of the process of satiation.
The primary objective was to investigate the sdpagtfects of number of bites and oral
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residence duration per gram food on ad libituntake and on changes in hunger and
fullness (study 1). Effects of number of bites amdl residence duration are possibly
explained by their influence on the orosensory syp®. The secondary objective was
to assess the influences of number of bites andes@mence duration on the orosensory
exposure per gram food, by executing time intensigasurements (study 2).

Subjects and Methods
Sudy 1
Subjects

Fifty-nine male subjects were recruited for papation. Fifty-six subjects completed
the study, two subjects dropped out before the efahe study and one subject missed
three ad libitum intake sessions. Subjects wer#thgdad a normal weight (BMI 18.5-
25 kg/nf, mean + SD: 22 + 2 kg/fh were aged between 18 and 35 y (mean + SD: 22 +
3y) and liked creamy tomato soup (pleasantnes® s€b on a 9-point hedonic scale).
Exclusion criteria were restrained eating behavigdutch eating behaviour
questionnaire (DEBQ) score > 2.89), following ammgy-restricted diet during the last
two months, gained or lost > 5 kg weight during I year, having a lack of appetite,
smoking, suffering from gastrointestinal illnesglskbtes, thyroid disease or any other
endocrine disorder, hypertension and kidney dised3ebjects were informed that the
aim of the research was to investigate the effédiite size on flavour perception of
soup. This study was conducted according to thededjues laid down in the
Declaration of Helsinki and all procedures involyinuman subjects were approved by
the Medical Ethical Committee of Wageningen UniugrsAll subjects signed an
informed consent form before participation. Thigdst was registered with the Dutch
trial registration at_http://www.trialregister.miélreg/admin/rctview.asp?TC=2601 as
NTR2601.

Test foods

Tomato soup was used as test product in this stDdg. kilogram of soup was made
from 333 g sieved tomatoes (Heinz, Elst, The Nédhels), 662.7 g water, and 4.7 g salt
(NaCl). The mixture was heated until 8D. The calculated nutrient composition from
the used ingredients was: 0.57 g protein, 1.6 batgdrates, 0.03 g fat, 253 mg sodium
and 38 kJ (9.1 kcal) energy per 100 g soup.

Raisin buns (local bakery) were used as preloa@. Autrient composition was: 8 g
protein, 52 g carbohydrates, 3 g fat, 300 mg sodamch 1120 kJ (268 kcal) energy per
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100 g, according to the Dutch Food Composition Dasa (NEVO, version 2009/1.0).
Each raisin bun weighed 22 g (246 kJ). The numberaigsin buns as preload was
calculated for each subject at half of the enengyided by an average lunch in the
Netherlands (175), that is equal to 11% energyhef daily energy need. The daily
energy need for each subject was estimated by ¢hefi8ld | equation (176), taking
into account: gender, age, weight and a physic@bigclevel of 1.6. Thirty subjects
received 5 buns and 27 subjects received 6 burge&s were instructed to eat all the
raisin buns that they were served.

Experimental design

The experimental design is summarized in Figure &l Table 5.1. The study
consisted of a 2 x 2 crossover design. Subjectedara times to the lab, including a
“practice session” (first session), to consume sioupeach of the four conditions. The
eating rate was equal in each condition (Table.5hg oral residence duration was
three times longer in the “long duration, low numioé bites (Long-LB)” and “long
duration, high number of bites (Long-HB)” conditeocompared to the “short duration,
low number of bites (Short-LB)” and “short duratjdgngh number of bites (Short-HB)”
conditions. The bite frequency was three times dérigh the “Short-HB” and “Long-
HB” conditions compared to the “Short-LB” and “Lohg” conditions, to keep the
eating rate constant between conditions.

: 0

Time (s) | Ei J]O 1|5

Short-LB: s ——
15g 15g

Long_LB P rrrmassmssssssasssssssssssssaeanas
159 159

Short-HB: — trrsrsrsrsrsrsraus — trrsrsrsrsrsrsraus — trrsrsrsrsrsrsraus — trsraraas
59 59 59 59

Long_HB ——  xu — % ——  xu ——
59 59 59 59

Figure 5.1Bites and intervals in the four experimental caods. In the “Short-LB” (short duration, low
number of bites) condition, bites of 15 g were esgmbin 3 s (from the start of the administratiorsafip
until swallowing) in pulses of 15 s. In the “Lon@®L (long duration, low number of bites) condition,
bites of 15 g were exposed in 9 s in pulses of. 1% she “Short-HB” (short duration, high number of
bites) condition, bites of 5 g were exposed inid pulses of 5 s. In the “Long-HB” (long duratidmgh
number of bites) condition, bites of 5 g were exgabg 3 s in pulses of 5 s. Subjects heard an aydit
signal when they received the soup and a doublgcaydignal when they had to swallow.
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Table 5.1Eating rate, oral residence duration and the nurabbites of the four conditiohs

Eating rate Oral residence duration Number of bites
(g/min) (s/100gq) (bites/100g)
Short-LB' 60 20 6.7
Long-LB 60 60 6.7
Short-HB 60 20 20
Long-HB 60 60 20

! Short-LB = “Short duration, low number of bites"rzbtion. Long-LB = “Long duration, low number of
bites” condition. Short-HB = “Short duration, higlumber of bites” condition. Long-HB = “Long
duration, high number of bites” condition.

Control of bite sizes, intervals and swallowing

To control the bites and intervals, subjects coreitihe soup through a food-grade
silicon tube that was connected to a peristaltimpyWatson-Marlow, type 323Du,
Watson-Marlow Bredel, Wilmington, MA, USA). The talended in a pan of soup that
was placed on a balance (Kern, type 440-49A, KERNS&n GmbH, Balingen,
Germany) to record the amount consumed. The pumeppan and the balance were all
located at the experimenters’ side of the sensopths, thus subjects did not see the
experimental setup.

At the moment that the pump started driving, subjdweard an auditory signal to
prepare them that they would receive soup in theouths. They heard a double
auditory signal at the moment they had to swall®Wwe instruction to swallow was

given 0.4 s after termination of the administratafrthe bite. Pilot studies revealed that
a short pause in between the termination of adtnatisn and the moment of

swallowing was more pleasant than without a paBséore the start of each session,
subjects were instructed that it was very importanswallow at the double auditory
signal.

The “Short-LB” and “Long-LB” conditions consisted mtervals of 15 s (Figure 5.1).
In the “Short-LB” condition, subjects received 15mgthe first 2.6 s of each interval
(pump rate was set at 346 g/min) and swallowed &f® In the “Long-LB” condition,
subjects received 15 g in the first 8.6 s of eathrval (pump rate was set at 105 g/min)
and swallowed after 9 s. The “Short-HB” and “Lon&Hconditions consisted of
intervals of 5 s. In the “Short-HB” condition, sebjs received 5 g in the first 0.6 s of
each interval (pump rate was set at 500 g/min)smallowed after 1 s. In the “Long-
HB” condition, subjects received 5 g in the firsé 2 of each interval (pump rate was
set at 115 g/min) and swallowed after 3 s.
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First session

Subjects familiarized with the experimental proaeduduring their first visit. Subjects
were seated in sensory booths. They received ¢igins and questions via a computer
screen. Subjects received 45 g soup in each offdabe conditions. The order of
conditions between subjects was randomized. Aftarsemption of soup in each
condition, subjects had to rate several sensomactexistics of the soup.

Sensory characteristics

The sensory characteristics that were rated infils¢ session were overall taste
intensity, saltiness, after taste intensity, thess and “expected satiation”. This was
done to get insight whether the number of biteom residence duration affected
sensory characteristics.

All aspects were rated by using a 100 mm visualogue scale (VAS). The question
that refers to overall taste intensity, saltiness after taste intensity was “How strong is
the overall taste/salty taste/after taste of thigp®” from “very weak” at the left end to
“very strong” at the right end. The question trefers to thickness was “How thick is
the texture of this soup?” from “very thin” at thedt end to “very thick” at the right end.
The question that refers to “expected satiation$ itdow filling is this soup?” from
“very little filling” to “very much filling”.

Ad libitum intake sessions

Subjects came four times during lunch for the bdum intake of soup, with one week

in between sessions. The four conditions were pteden randomized order. Subjects
started with consumption of the preload that cdedi®f raisin buns. A preload was

used so that participants would be in a less hus@te prior to soup consumption. It is
possible that feelings of hunger will overrule sagsfactors to terminate consumption

(chapter 3, 189). They were instructed to consulingeaved raisin buns and they were
allowed to drink water. After consumption of predoand water, subjects paused for 30
minutes. In the pause, subjects were allowed wysbu read, but they were not allowed
to leave the sensory room.

After the pause, subjects received a tube from lwhiey had to consume soup.
Subjects received instructions and questions ve@raputer screen. After answering
several appetite and hedonic questions, as deddm#lew, subjects pushed a button on
the screen to start soup consumption. They werteusted to terminate consumption
when they had enough. The mean (x SD) initial tenatpee of the soup was 56 + 5 °C
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and the mean end temperature was 51 + 3 °C. Sshjeme instructed to stay in the
sensory booths for at least ten minutes after ghasted consuming the soup. After ten
minutes, a visual warning signal popped up on éptolp screen to inform subjects the
ten minutes had passed. This was done to prevépcts from leaving the research
area for other reasons than being satiated witlsdbe.

Appetite, hedonic ratings and questionnaires

Just before soup consumption, subjects rated tfeglings of hunger, fullness,
prospective consumption and thirst. After that,jects were served a small sample of
10 g soup and rated pleasantness and desire-theeabup. The same questions were
answered again at the end of the ad libitum intékeaddition, the same questions,
except for thirst, were rated at random after constion of every 75 g soup. All
guestions were answered by using a 100 mm VAS, scake from “not at all” at the
left end to “very much” at the right end.

At the end of the session, subjects had to inditatereasons of termination of soup
consumption. The subjects were asked to what egtegtagreed with the propositions:

“l terminated consumption because | was full”; érminated consumption because the
flavour of the soup was not pleasant anymore”; ‘derminated consumption because

| did not like the manner of consumption”. The prsgions were answered on a 5-point
scale from “totally disagree” (1) to “completelyrag” (5).

Standardization of the satiety state

To standardize the satiety state, subjects alwkysed the lunch session at the same
time. They were instructed to consume the samektastaand not to eat and only drink
water before the lunch started. Moreover, they vesieed to refrain from drinking one
hour before the test started. After each test lusabjects answered questions about
what they ate for breakfast and whether they atdrank between breakfast and test
lunch. To make sure subjects would consume the sotipthey felt satiated; they were
instructed not to eat until one hour after the.test
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Sudy 2
Subjects

Twenty-two different subjects (12 male, BMI 18.5-R§/n?, mean + SD: 22 + 2
kg/n), aged between 18 and 35 y (mean + SD: 22 + Ast)gipated in the second part
of the study. The same exclusion and inclusioregatas in the first study were used to
recruit subjects, except for gender.

Time intensity measurements

Time intensity (TI) measurements were used to nreathe total orosensory exposure
of 30 g of soup (53 + 2 °C) in each of the fourfatiént conditions used in the first
study. Subjects were used to consume via a tubepanstaltic pump with controlled
bite sizes and intervals, because they were paatioig in another study that used a
similar experimental set up. They had one pragession to train the procedure of the
Tl measurements.

Subjects were instructed to rate their perceivetetatensity constantly for one minute
on a VAS from 0 to 100 mm. All four conditions weweesented in randomized order.
The area under the curve (AUC) is the sum of tted fmerceived taste, which represents
the orosensory exposure. Subjects were instruabédonrate the first bite to have a
short time to adapt to the procedure, therefore ADC was calculated between t=30 s
and t=60 s.

Statistical analyses

Statistical analyses were performed using SAS eeril.4 (SAS Institute Inc., Cary,
NC, USA). Data are presented as means + IPg&lues < 0.05 were considered
significant.

Effects of number of bites, oral residence duratiand their interaction on sensory
characteristics, initial appetite and initial heonatings, were assessed in a mixed
linear model that included order and had subjecepsated factor. Changes in appetite
and hedonic ratings between before (initial) vderafpost) ad libitum intake were

assessed by paired t-tests.

Effects of number of bites, oral residence duratenmd their interaction on ad libitum
intake, appetite and hedonic ratings from after dndng ad libitumintake, were
assessed in a mixed linear model that includedromd¢ings of initial hunger and
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ratings of “I terminated consumption because Irdhtlike the manner of consumption”
and had subject as repeated factor.

The changes in appetite and hedonic ratings dwuthdibitum intake were fitted per
subject in a linear model: y = a + b*intake. A lBmenodel was chosen because this was
the best fit in most individual curves. The cunst®wn in the results section were
calculated from the mean intercepts and mean slofpee individual plots.

Effects of number of bites, oral residence durataond their interaction on the reason to
terminate consumption were assessed in a mixedrlimedel that included order and
initial hunger ratings and had subject as repefateir. Effects of number of bites, oral
residence duration, and their interaction on theCAdd the taste intensity were assessed
in a generalized linear model that included subjEither’'s LSD procedure was used
for all post hoc comparisons in the present study.

Results
Sudy 1
Sensory characteristics

Table 5.2 shows the sensory characteristics ofsthg as rated in each of the four
conditions. Overall taste was not affected by nundbdites P = 0.37) and not by oral
residence durationP(= 0.30), although there was an interaction efféct 0.019).
Saltiness was affected by bite siBe< 0.024), but not by oral residence duratiBn=(
0.91), and there was no interaction effétt=(0.92). After taste intensity, thickness and
“expected satiation” were not affected by numbebitds, oral residence duration, or by
their interaction (alP-values > 0.19).
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Table 5.2Sensory characteristics of the soup as measurtbe iiour conditions>

Short-LB? Long-LB Short-HB Long-HB
Overall taste intensify 53 + 18 58 + 17 59 + 16 56 + 20°
Saltiness 48 + 17 48 +19 53 £ 20 53 +21
After taste intensity 51+18 53+18 54 +20 53%
Thickness 44 +19 47 +18 42 +18 44 + 17
Expected satiation 48 +18 49 +19 43 £ 20 47 £ 22

T Values are means + SDs. Values in a row withedsfiit superscript letters are significantly differé®
<0.05)

?Rated on a 100 mm VAS after consumption of 45 gpsou

% Short-LB = “Short duration, low number of bitesSrdition. Long-LB = “Long duration, low number of
bites” condition. Short-HB = “Short duration, higihmber of bites” condition. Long-HB = “Long
duration, high number of bites” condition.

“ Significant interaction effect of the number ofasitand orosensory exposure tifes 0.019

® Significant main effect of the number of bit€s= 0.024, post hoc comparisons (LSD procedure)
showed no significant differences.

Ad libitum intake of soup

The ad libitum intake was 453 = 173 g in the “SHd8t' condition, 421 + 190 g in the
“Long-LB” condition, 358 + 171 g in the “Short-HBYondition, and 330 + 156 g in the
“Long-HB” condition (Figure 5.2). The number of &it @ < 0.001) affected ad libitum
intake; it was 21% lower in the “Short-HB” comparedthe “Short-LB” condition and
22% lower in the “Long-HB” compared to the “Long-LBondition. Also oral
residence duration affected ad libitum intaRe=(0.006); it was 7% lower in the “Long-
LB” compared to the “Short-LB” condition and 8% lewin the “Long-HB” compared
to the “Short-HB” condition. There was no interaatieffect between number of bites
and oral residence duration on ad libitum intdRe: (0.94).
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a B Short
500- 2 (20 s/100g)
b [ Long
(60 s/100g)
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Figure 5.2Means (+ SD) of ad libitum intakes of soup. A higheamber of bitesP < 0.001, and longer
oral residence duratio® < 0.006, reduced ad libitum intake (mixed lineavd®l). Mean values with
different letters are significantly different bewve conditions (LSD procedure). The difference in ad
libitum intake of the short vs. the long exposumethe LB conditions showed a trerfd:= 0.06. LB =
“low number of bites”, HB = “high number of bites”.

Appetite and hedonic ratings before and after ad bitum intake

Initial appetite ratingsif., hunger, fullness and prospective consumption)raabnic
ratings {.e., pleasantness and desire-to-eat the soup) didiffet between conditions
(all P-values> 0.59) (Table 5.3). Initial thirst did also noffdr between conditiong?(
= 0.17). In the preload phase, subjects drank: 488 g and this were not different
between conditiond(= 0.20).

After ad libitum intake, ratings of hunger, prosipee consumption, pleasantness and
desire-to-eat the soup decreased and fullnessaseiein each condition compared to
the initial ratings (alP-values < 0.001). Ratings of thirst were not siigaifitly different
after intake compared to the initial ratings (@fvalues > 0.10). Appetite, thirst and
hedonic ratings after intake were not affected tal residence duration (adf-values >
0.44), or by number of bites (dhHvalues > 0.21), and there were no interactioncesfe
(all P-values > 0.26).
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Table 5.3Appetite and hedonic ratings from before and aftefibitum intake of soup in the four
condition®

Short-LB Long-LB Short-HB Long-HB

Hunger

Initial 60 + 20 61 +21 62 +19 62 +19

Post 18 +18 19+19 21+19 21 +19
Fullness

Initial 33+21 32+19 30+18 31+19

Post 75+ 20 73+18 73+20 76 +17
Prospective consumption

Initial 62 +24 64 + 20 65+ 17 64 +19

Post 24 +21 25+ 23 29 +22 27 +18
Thirst

Initial 59 +21 54 +21 55+21 57 +19

Post 54 + 27 54 + 25 54 + 23 57 +24
Pleasantness

Initial 64 +20 65+ 18 64 +18 66 + 18

Post 51 + 23 51 +18 50 + 22 52 + 22
Desire-to-eat

Initial 65+ 19 64 +18 65+ 19 67 +19

Post 29+21 28 +21 31+20 32+22

T Values are means + SDs.

*Rated on a 100 mm VAS.

% Short-LB = “Short duration, low number of bitesSrdition. Long-LB = “Long duration, low number of
bites” condition. Short-HB = “Short duration, higihmber of bites” condition. Long-HB = “Long
duration, high number of bites” condition.

“Significant differences between initial and pospetjte and hedonic ratings in all conditions:Rall
values< 0.001.

® No significant difference between initial and pthstst ratings.

Appetite and hedonic ratings during ad libitum intake

Figure 5.3 shows the linear curves of the changeated hunger (A) and fullness (B) as
a function of intake. Higher number of bites ledféster decrease in hungd? €
0.003); faster increase in fullned® € 0.001); faster decrease in ratings of prospectiv
consumption P = 0.009, data not shown); and faster decreasecsiradto-eat R =

91



Chapter 5 — Effects of number of bites and orabesce duration on ad libitum intake

0.004, data not shown). Oral residence duratiomdidsignificantly affect the decrease
in hunger P = 0.36); the increase in fullned’ £ 0.16); and the decrease in the desire-
to-eat P = 0.16). However, a trend was observed for ratimgs prospective
consumption, longer oral residence duration redultefaster decrease in prospective
consumption P = 0.07). Pleasantness (data not shown), howe\as, neither affected
by number of bitesR = 0.36) nor oral residence duratidd £ 0.27). None of changes
in appetite and hedonic ratings showed an intemaatifect between number of bites
and oral residence duration (BHvalues > 0.30).

100 A Short-LB
= Long-LB
- Short-HB
’§ + Long-HB g
E £
— [2])
(] (%]
()] (]
c £
S =
2 T 254
C LJ LJ LJ ] C L] L] L) L}
0 200 400 600 800 0 200 400 600 800
Intake (g) Intake (g)

Figure 5.3 Linear functions of rated hunger (A) and fullneB$ &gainst intake in the four conditions. A
higher number of bites led to a faster decreaseinger P = 0.003), and a faster increase in fullndss: (
0.001) per consumed gram food. Longer oral resiglehration did not significantly affect the appeetit
ratings. The dots visualize the mean ad libiturakatin each condition. Short-LB = “Short duratitow
number of bites” condition. Long-LB = “Long duratiplow number of bites” condition. Short-HB =
“Short duration, high number of bites” conditionorig-HB = “Long duration, high number of bites”

condition.

Reasons to terminate consumption

“l terminated consumption because | was full” whe tnost important reason in all
conditions to terminate consumption (Table 5.4 Téasons to terminate consumption:
“l was full” and “flavour not pleasant anymore” veeboth not affected by number of
bites or oral residence duration (d#values > 0.38). Ratings of “l terminated
consumption because | did not like the manner olsamption” were higher in high
number of bites conditions compared to low numbdrites conditions® = 0.002), but
were not affected by oral residence duratiér(0.19).
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Table 5.4The reasons to terminate soup consumption in tikedonditions*?

Short-LB® Long-LB Short-HB Long-HB
“I was full” 40+1.1 40+1.1 40+1.1 3.9 1.
“Flavour not pleasant
. 26+1.2 26+1.1 26+1.1 25+13
anymore
“Manner of consumption” 24+ 171 26+1.% 29+1.72 3.0+1.8

TValues are means * SDs.

2The propositions were answered on a 5-point scate ftotally disagree” (1) to “completely agree”)(5
% Short-LB = “Short duration, low number of bitesSrdition. Long-LB = “Long duration, low number of
bites” condition. Short-HB = “Short duration, higihmber of bites” condition. Long-HB = “Long
duration, high number of bites” condition.

Sudy 2
Area under the curve of perceived taste intensityf@30 g soup

Figure 5.4 shows the mean perceived taste duringe®nds, which is equal to
consumption of 30 g in each condition. The mean Atd@ach condition is shown in
Figure 5.5. Both higher number of bitdd € 0.001) and longer oral residence duration
(P < 0.001) led to a greater AUC, which means anease in perceived taste, thus
higher orosensory exposure per consumed gram food.

The taste of the soup is highest in intensity diyeafter swallowing, shown by the top
of the peaks (Figure 5.4). The mean heights optdak were 71 £ 19 mm in the “Short-
LB” condition; 71 + 17 mm in the “Long-LB” conditig 63 £ 22 mm in the “Short-HB”
condition; and 65 = 22 mm in the “Long-HB” conditio Higher number of bites
resulted in lower heights of the pealis< 0.001). Longer oral residence duration did
not affect the mean height of the pedRs=(0.47).
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Figure 5.4 Mean rated taste intensity during 30 s, thus 36f goup in each of the four conditions. The
grey areas (AUC) represent the total perceivedetasid thereby the total magnitude of orosensory
exposure. In the low number of bites conditiong bhites of 15 g were administered in 30s, at t=30 a
t=45, each bite was swallowed after 3 s in the t6hB” condition and after 9 s in the “Long-LB”
condition. In the high number of bites conditioBdites were administered in 30s (in pulses of Bagh
bite was swallowed after 1 s in the “Short-HB” ciiwh and after 3 s in the “Long-HB” condition. The
maxima of the peaks were reached directly aftedlewang. Short-LB = “Short duration, low number of
bites” condition. Long-LB = “Long duration, low nurar of bites” condition. Short-HB = “Short
duration, high number of bites” condition. Long-HBLong duration, high number of bites” condition.
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Figure 5.5Means (+ SD) of AUC that represents total magnitatierosensory exposure to the taste of
30 g of soup. Higher number of bitds< 0.001, and longer oral residence durat®rs 0.001, resulted

in an increased AUC (generalized linear model). Mealues with different letters are significantly
different between conditions (LSD procedure). LBlew number of bites”, HB = “high number of
bites”.

Discussion

The primary objective of the study was to deternseparate effects of the number of
bites and the oral residence duration on ad libitotake. The results showed that both
higher number of bites per gram food, thus smdliges, and longer oral residence
duration per gram food, independently, reduced faothke by 22% and 8%,
respectively (Figure 5.2). The ratings for hunged dullness did not differ after
consumption (Table 5.3). This can be explained taster decrease in hunger and faster
increase in fullness per consumed gram food inhilge number of bites conditions
(Figure 5.3). Both higher number of bites and longi&l residence duration per gram
food led to an increase in orosensory exposuregmen food (Figure 5.4, 5.5). The
increased orosensory exposure per consumed graaad®eof smaller bites and longer
oral residence duration food may explain the radanah food intake.

To measure effects of oral residence duration amdber of bites on the orosensory
exposure per gram food, time intensity functiong1j2were conducted. Prolonged
duration of food in the oral cavity is associatdathvnore time to sense the taste, which
explains the increased orosensory exposure per fpad(greater AUC, Figure 5.5).
Interestingly, higher number of bites, thus smdbliées, also results in more orosensory
exposure per gram food. One bite of 5 g almosthe@dthe same taste intensity as one
bite of 15 g (top of the peaks, Figure 5.4). Thb#es of 5 g results in greater taste
perception than one bite of 15 g (greater AUC, rieg6.4, 5.5). Three bites of 5 g

95



Chapter 5 — Effects of number of bites and orabesce duration on ad libitum intake

possibly lead to more contact of the tastants Withtaste receptors in the oral cavity
compared one bite of 15 g. An increased orosensgppsure per gram food may be
associated with relatively more sensing of theieats, this may lead to a faster onset
of internal signals of satiation (71, 182).

We learned from previous studies that higher eatatg leads to higher food intake in a
natural way of eating (10, 13, 212). In this studwyderlying mechanisms were
investigated that gives more insight in how thedeg that influence eating rate (bite
size, oral residence duration) influence satiatibvestigation of these underlying
mechanisms required a controlled experimental dasigvhich the eating rate was kept
constant. The results of this study suggest thtt bite size and oral residence duration
influence food intake. We investigated effects lué humber of bites per gram food,
which is related to bite size. However, in a ndtsgdting, bite size also influences the
oral residence duration; smaller bites are assatiaith longer oral residence duration
per gram food (100, 210). This means that redutigbite size is probably more
effective in reducing food intake than only prolaihg oral residence duration, because
in a natural setting bite size affects both the bemnof bites and oral residence duration.

In theory, eating rate is also affected by bitejfirency; the latter may also influence
satiation. To keep the eating rate constant in shigly, the bite frequency was three
times higher for 5 g bites (HB conditions) than 1&rg bites (LB conditions). Zijlstra et
al. (93) investigated effects of bite size whenhbtite bites of 5 g and 15 g were
administered at the same bite frequency, thus gatite was three times higher for the
15 g bites. The size of the effect of bite sizeadrlibitum intake shown by Zijlstra et al.
(93) was similar compared to the results of thiglgt This indicates ad libitum intake
was primarily affected by bite size and not by Iiegjuency. In accordance, studies that
lower the eating rate by lowering bite frequenay tia find a reduction in food intake
(213, 214) or fail to find effects on postprandirmonal secretion (215). However a
recent study (14) has demonstrated a reductiondd intake when bite frequency was
lowered, but only for individuals who consumed &argmounts of food. Overall,
decreasing the bite frequency might be less effecti reducing the energy intake. This
is possibly explained by the fact that bite frequyedoes not influence the orosensory
exposure per gram food, and thereby not influené&aglback signals of satiation (71,
182).

Strengths of this study are the within subjectsigiesand the tight controlled
experimental design which allowed us to investigatderlying mechanisms of eating
rate on food intake. However, this tight controll@ésign is also a limitation of the
study. Controlling the bite size and frequency, ahé unnatural way of soup
consumption may have influenced the results to sertent. Nevertheless, “fullness”
was the most important reason to terminate consomph all conditions, which

indicates that subjects consumed till they wereatt (Table 5.4). Another limitation
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is that the study population consisted of mostlyng healthy adults. We do not know
whether oral residence duration and number of kafésct food intake to the same
extent in the obese/overweight population. In addjtpreloads were used to prevent
subjects from being in a very hungry state. Theestahunger may influence the impact
of sensory signals on food intake. This requirethfr investigation.

As far as we know, the effect of number of bites geam food on intake was not
studied before. The impact of the number of bitedamd intake was greater than that
of the oral residence duration, where both factiiifered a factor three. This indicates
that the number of bites per gram food is an ingrdrexplanation of the effect of bite
size on food intake. Consuming smaller bites isargatiating than consuming fewer
large bites of the same amount of food.

However, consumption with relatively higher numlbérbites led to higher ratings for
“l terminated consumption because | did not like thanner of consumption” (Table
5.4). This may be due to the increased effort ihassociated with smaller bites. The
“manner of consumption” may partly influence theesof the effect of number of bites
on intake. Nevertheless, relatively higher numbérbibes (smaller bites) is more
satiating, because it led to faster decrease igdmuand faster increase in fullness per
consumed gram food (Figure 5.3). It seems thatestdbjn the present study consumed
till a certain state of satiety, as the mean “enav was for hunger ~20 mm and for
fullness ~75 mm on a 100 mm VAS, (Figure 5.3, T&bR). This certain state of satiety
was faster established when subjects took relgtivelore bites, which may
consequently have led to a lower food intake.

Bite size or the number of bites per gram food rlap cognitively affect food intake.

It is possible that a higher number of small bdes associated to be more satiating than
fewer larger bites. It has been repeatedly showh felings of satiation are typically
influenced by the amount of food people believeythave consumed (50, 55, 216,
217). In a normal situation, taking more bites &&adl higher intake, considering that
bite size is quite constant for a specific food nmaby a specific person (89, 218-221).
In the present study, the rated expected satiaadre (i.e., rated as: how filling do you
think this soup is?) after 45 g in each conditiomswot influenced by the number of
bites (Table 5.2). It is possible that consumptmn45 g is not enough to find
differences in expected satiation, or the integireh of the question focuses on the
sensory attributes of the sopgr se, and does not address effects of number of bites o
expected satiation.

We do not know whether lower food intake as a testulsmaller bites or longer oral

residence duration will be compensated during ds¢ of the day or over more days. It
seems unlikely that people accurately compensai #nergy intake as a result of
changes in energy intake from a meal or a day (202, 223). Two studies (98, 224),
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that used an oral device to decrease the bite,s&resved that the device led to a
reduction in meal size without changes on ratecetyabetween meals compared to
normal intake. Moreover, consumption of liquidassociated with larger bite sizes and
shorter oral residence duration (10-12), and engtgke from liquids was shown to be
poorly compensated (225, 226). More research, hekyeg needed to investigate
effects of bite size or orosensory exposure on-teng energy intake.

In conclusion, higher number of bites and longed oesidence duration per gram food
resulted in reduced food intake, where the numbeéites showed the greatest effect. In
addition, a higher number of smaller bites led fasder decrease in hunger and increase
in fullness per consumed per gram food. The ine@asosensory exposure to the food
and the cognitive aspects of taking relative mateshper gram food may explain the
effect of bite size on satiation. Advices to consuwith smaller bites and prolong the
oral residence duration, by for example increasewaig, may be helpful in body
weight management. Moreover, designing foods thihtoe consumed with small bites
and long oral residence duration may also be ac&de tool to reduce food intake.
Food properties, such as hardness, viscosity, dsyrgtickiness, tenderness, affect oral
residence duration, bite size, and other oral @mse® like chewing behaviour and
salivation. More insight in associations betweendfgroperties, oral processes and
food intake will contribute to the understanding tbé satiating effects of different
foods.
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Abstract

A number of studies have shown that bite size erfbes the amount of food intake.
Consuming small rather than large bites involvéatireely more bites for consumption
of the same amount of food. People may believetttet intake is higher which leads
to a faster satiation. However, this cognitive efffmay be disturbed when people are
distracted. The objective of the study is to asskesseffects of bite size in a focused
state and a distracted state on ad libitum intakeam the estimated amount consumed.
In this 3 x 2 cross-over design, 53 healthy subjettnsumed ad libitum soup with
small bites (5 g, 60 g/min), large bites (15 g,gdin), and free bites (where bite size
was determined by subjects themselves), in botisteadted and focused state. Bites
were administered via a pump. There were no visue$ toward consumption. Subjects
then estimated their amount consumed by fillingpsou soup bowls. Intake in the
small-bites condition was ~30% lower than in boltle tlarge-bites and free-bites
conditions P < 0.001). In addition, subjects underestimatedrthgiount consumed in
the large-bites and free-bites conditiol® € 0.029). Distraction led to a general
increase in food intakeP(= 0.008), independent of bite size. Distractiod diot
influence bite size or estimations. Consumptionhwérge bites led to higher food
intake and underestimation of the amount consufieig. implies that consuming with
large bites impairs the control of food intake. R&dg bite sizes may successfully
lower food intake, even in a distracted state.

Keywords: bite size, number of bites, cognition, distragtisatiation
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Introduction

Obesity is an increasing problem in Western soci@yerweight and obesity are the

result of a long-term positive energy balance inclwhenergy intake is higher than

energy expenditure. There is growing evidence onalt processing is important in the

regulation of food intake (9, 10, 12, 91-93, 18@62 209, 227). Foods that are

consumed quickly and require minimal oral procagssuch as beverages and foods
low in fibre content, lead to higher ad libitumake (9-12), and therefore promote over-
consumption.

Eating rate (g/min) is influenced by bite size (B2). A number of studies have
demonstrated a positive relationship between b#e and the amount of food intake
(13, 92, 93, 95-99, 209). Controlled experimentatlies with fixed bite sizes showed
that 5 g bites led to a reduction in food intakel6fto 30% compared to 15 g and 20 g
bites, even when eating rate was constant (92®3,227).

Consuming small bites rather than large bites we®Imore bites for consumption of
the same amount of food. Smaller bites may affecipfes’ assumption that intake is
higher compared to relatively fewer larger bites] therefore lead to lower food intake.
Beliefs about the amount consumed play an impontalet in satiation (50, 55, 216,
217). For example, when people were not able toitmotheir amount eaten by
consuming soup from self-refilling bowls, intake sv&0% higher compared to
consumption from a normal soup bowl (55). In addifi information about calorie
content (101-103), the serving size (95, 97, 10d)x1and time of the day (107), all
influenced amount of food intake. These findingest the importance of cognitive
aspects on satiation.

Cognitive aspects of food intake may be disrupté@rwpeople are distracted during
food consumption. Cognitive restraint eating bebawi(i.e., chronic tendency to limit

food intake to control body weight), was offset digtraction; food intake increased

when listening to a detective story (228). A numioérstudies have shown that

distraction through activities such as watchinguiion or eating with friends usually

led to higher food intake (35, 38-41, 108). It isspible that distraction during

consumption is associated with impaired monitoohghe amount consumed by visual
cues (35, 109). Other regulators of food intakehsas number of bites, bite size, eating
rate, or meal duration may also be affected byalifbn. In a distracted state, people
may unconsciously increase their number of biteg tbads to higher food intake.

Consumption with smaller bites in a distractedestaty, therefore, be less effective in
reducing food intake.

The objective of this study is to assess effectsitefsize in both focused and distracted
states on ad libitum intake. Subjects estimatedatin@unt consumed after intake to
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determine if bite size affects perceived food ietale hypothesize that consumption
with larger bites results in higher intake and uedgmation of the amount consumed.
We then hypothesize that the effect of bite sizefaod intake is diminished in a
distracted state, and that subjects, generallyenm@stimate the amount consumed when
they are distracted.

Subjects and Methods

Subjects

Fifty-seven subjects were recruited for participati53 of whom (33 males, 20 females)
completed the study. Three subjects dropped ourddhe start of the study and one
subject missed four sessions. Subjects were hedl#ttynormal weight (BMI 18.5 to 25
kg/m?, mean + SD: 22 + 2 kg/fy) were aged between 18 and 35 y (mean + SD: 22 + 3
y) and liked creamy tomato soup (pleasantness sed@en a 9-point hedonic scale).
Exclusion criteria were: restrained eating behaviqDutch Eating Behaviour
Questionnaire (DEBQ) score men: > 2.89, women: 39)3.an energy-restricted diet
during the last two months; gained or lost > 5 kgght during the last year; lack of
appetite; smoking; gastrointestinal illness; diabgetthyroid disease, or any other
endocrine disorder; or being pregnant or breaslifge Subjects were informed that the
research aimed to investigate the effect of diftsacon flavour perception of soup.
This study was conducted according to the guideliaeél down in the Declaration of
Helsinki and all procedures involving human sulgeeere approved by the Medical
Ethical Committee of Wageningen University. All getis signed an informed-consent
form before participation. This study was registe(8TR: 3091) with the Dutch trial
registration at: www.trialregister.nl/trialreg/admictview.asp?-TC=3091.

Test foods

Tomato soup was used for this study. One kg of ssap made from 333 g sieved
tomatoes (Heinz, Elst, The Netherlands), 662.7 temwand 4.7 g salt (NaCl). The
mixture was heated to 6. The calculated nutrient composition from theréutients
was: 0.57 g protein, 1.6 g carbohydrates, 0.03,2&8 mg sodium and 38 kJ (9.1 kcal)
energy per 100 g soup.

Raisin buns (local bakery) were used as preloa@. Altrient composition was: 8 ¢
protein, 52 g carbohydrates, 3 g fat, 300 mg sodamch 1120 kJ (268 kcal) energy per
100 g, according to the Dutch Food Composition Dasa (NEVO, version 2009/1.0).
Each raisin bun weighed 22 g (246 kJ). The numbeaisin buns was calculated at half
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of the energy provided by an average lunch in tle¢h&iands (175), equal to 11%
energy of the daily energy need. The daily enemgdnfor each subject was estimated
by the Schofield | equation (176), taking into aoao gender, age, weight and a
physical activity level of 1.6. Sixteen subjectsa@ed 4 buns, 25 subjects received 5
buns, 12 subjects received 6 buns. Subjects wsteiated to eat all the raisin buns they
were served.

Experimental design

The experimental design is summarized in Figure Bl study consisted of a 3 x 2
cross-over design. Subjects came to the lab sewess,t including a first practice
session. There were six different ad libitum intakaditions: small-bites, large-bites,
and free-bites, presented in both a focused anstracted state. The bite frequency was
three times higher in the small-bites conditiomtirathe large-bites condition, to keep
the eating rate (g/min) equal. The eating rate seast 60 g/min for both the small-bites
and large-bites conditions. The oral residencetdurdi.e., duration of food in the oral
cavity) was 40 s/100g for both small-bites andéabges conditions. Subjects regulated
the administration of the soup by themselves inftee-bites condition. They could
start and stop the pump by themselves to determiaesizes and bite frequencies.

Time (s) 0| 5| ]]0 1|5
S S —p xnsuen
Small bites: 15 159
Large bltes P rsmsssssssssssssssssssssssssssssssmssEsmsens
15g 15g
Free-bites: —  — h e— o e— O — R E— h E— o — o —
79

Figure 6.1Bites and intervals in the three bite size condgio

= administration of soupp  nstruction to swallow;:---- = pauses betwedeshim - « »

= regulation of bites and pauses by subjects thivese

All three conditions were presented in a focused distracted state, resulting in six conditiomstHe
small-bites condition, bites of 5 g were exposed?is (from the start of soup administration until
swallowing) in pulses of 5 s. In the large-bitesdition, bites of 15 g were exposed in 6 s in palskl5

s. In the free-bites condition, subjects were foestart and stop the pump, thereby determining sites
and frequency by themselves. In the small-bites langk-bites conditions, subjects heard an auditory
signal when they received the soup and a doublgcaydignal when they had to swallow.
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Control of bite sizes, intervals and swallowing

Subjects consumed soup through a food-grade tulat{Sobain, Norprene, A-60-F,
Charny, France) connected to a peristaltic pump t¢@/aMarlow, type 323Du,

Watson-Marlow Bredel, Wilmington, MA, USA) to cootrbites and intervals. The tube
ended in a pan of soup that was placed on a balgea, type 440-49A, KERN &

Sohn GmbH, Balingen, Germany) to record the amoansumed.

Subjects heard an auditory signal to inform themat the pump started working and
they would receive soup in their mouths. They headduble auditory signal when they
had to swallow. The instruction to swallow was give5 s after termination of bite
administration. Subjects were instructed that iswary important to swallow at the
double auditory signal before the start of eackises

The large-bites condition consisted of 15 s intlsrRigure 6.1). Subjects received 15 g
during the first 5.5 s of each interval and swabodvafter 6 s. The small-bites condition
consisted of 5 s intervals. Subjects received Grang the first 1.5 s of each interval and
swallowed after 2 s. In the free-bites conditiampjects could start and stop the pump
by themselves. The pump rate was set at 2.5 gis. mbant that, for example, a 4 s
administration resulted in a 10 g bite. Subjectsthe free-bites condition were
instructed to swallow as soon as they stopped adiration.

First session

Subjects were familiarized with the experimentabgedures during their first visit.

They were seated in sensory booths. They recenstiuctions and questions via a
computer screen. Subjects received 45 g soup in that small-bites and large-bites
conditions, in randomized order. Subjects rateders®yv sensory aspects after
consumption of soup in both conditions to determinbite size influences sensory
characteristics.

Sensory characteristics

The sensory characteristics rated in the first isessvere overall taste intensity,
saltiness, thickness, after-taste intensity, axgéeted satiation”. All aspects were rated
on a 100 mm visual analogue scale (VAS). The qoedhat referred to overall taste
intensity, saltiness intensity and after-taste ristty was “How strong is the
taste/saltiness/after-taste of this soup?” fromryveveak” at the left end to “very
strong” at the right end. The question that refinte thickness was “How thick is the
texture of this soup?” from “very thin” at the lefhd to “very thick” at the right end.
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The question that referred to “expected satiatiwa% “How filling is this soup?” from
“hardly filling” to “very much filling”.

Ad libitum intake sessions

There were six lunch sessions for ad libitum intakesoup, with one week between
sessions. The six conditions were presented inoraimed order. Subjects started by
consuming the preload of raisin buns. A preload wsesl so that participants would be
less hungry prior to soup consumption (chapter8®).1lt is possible that feelings of
hunger would overrule sensory factors to terminet@sumption. Subjects were
instructed to consume all raisin buns and werenatbto drink water. Subjects then
paused for 20 minutes. During that time, subjeatsewallowed to study or read, but
were not allowed to leave the sensory room.

After the pause, subjects received instructions @uelstions via a computer screen.
Before ad libitum intake, subjects first rated dppeand hedonic aspects, as described
below. Subjects could push a button on the commaeren to start soup consumption.
The pan and balance were placed on the experinséside of the sensory booth, so
there were no visual cues of the amount consumethje&s were instructed to
terminate consumption any time when they felt theg enough. The mean (x SD)
initial temperature of the soup was 55 + 3 °C dredrhean end temperature was 48 + 3
°C.

Subjects were instructed to stay in the sensoryhisoor at least 15 minutes in both the
focused and the distracted states. A visual warsiggal popped up on the laptop
screen to inform subjects that the 15 minutes les$qd. This prevented subjects from
leaving the research area other for than beingteatwith the soup.

Focus versus distraction

Subjects in the focused state were instructed ¢casfamn the taste and flavour of the
soup. Subjects in the distracted state were toky thould see a short (~15 min)
animation film (“Pat and Mat"in Dutch: “Buurman en Buurman”) during consumption
and would answer questions about the film aftergaiithis was done to ensure they
focused on the film. There were six different filmadomized between conditions and
subjects. Subjects answered between 8 to 11 qosstioout the film. The film was

started once subjects started consuming soup.
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Estimated amount consumed

At the end of each session, subjects estimateani@unt they had consumed. They
were given a jug containing 2 kg soup and six sooyls (250 g). Subjects filled the
bowls with the amount of soup they thought they balsumed. The estimated amount
consumed was calculated by weighing the jug bedackafter estimation.

Appetite, hedonic ratings and questionnaires

Subjects rated feelings of hunger, fullness, angttbn a 9-point scale from “not at all”
(0) to “very much” (9). This was rated before ancedly after intake, and 1 hour, 2
hours and 3 hours after ad libitum intake.

Before and after intake, subjects were served dl sample of 10 g soup and rated
pleasantness and desire-to-eat the soup on a 100isnal analogue scale (VAS) that
was scaled from “not at all” (0) to “very much” @0

At the end of the session, subjects indicated reagar terminating soup consumption.
Subjects were asked to what extent they agreed théhpropositions: “I terminated
consumption because | was full”, “I terminated aangtion because the flavour of the
soup was not pleasant anymore”, and “I terminatedgsemption because | did not like
the manner of consumption”. The propositions wergneered on a 5-point scale from
“totally disagree” (1) to “completely agree” (5).

Standardization of satiety

To standardize the satiety state, subjects alwkysed the lunch session at the same
time. They were instructed to consume the samektasiaand only drink water before
lunch started. Moreover, they were asked to reffesm drinking one hour before
lunch. After each lunch, subjects answered questadoout what they ate for breakfast
and if they ate or drank between breakfast andhuBabjects were instructed not to eat
until three hours after the lunch to rate subjectatiety.

Statistical analyses

Statistical analyses were performed using SAS eeril.4 (SAS Institute Inc., Cary,
NC, USA). Data were presented as means + $Balues of < 0.05 were considered
significant.
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Effects of bite size (small-bites vs. large-bites)sensory characteristics were assessed
in within-subjects ANOVA (PROC GLM, SAS). Effectd bite size (small-bites vs.
large-bites vs. free-bites) and distraction on daitum intake, estimated amount
consumed, appetite ratings, and reasons to tereng@tsumption, were assessed in a
two-way within-subjects ANOVA (PROC GLM, SAS). Tli#ference between the ad
libitum intake and the estimated amount consumed wassessed per condition in
within-subjects ANOVA (PROC GLM, SAS). The accuragf/ the estimations was
assessed by the absolute difference between thibiadan intake and the estimated
amount consumed in percentiles. Effects of distvacbn meal duration, bite size,
number of bites, and bite frequency were assessadvithin-subjects ANOVA (PROC
GLM, SAS). Gender and order of presentation afftot@st parameters and were added
as covariates in the ANOVA models. The rating ofefiminated consumption because |
did not like the manner of consumption” affected #u libitum intake, so was added in
the ANOVA model when ad libitum intake was asses$gatameters not normally
distributed were log-transformed before assessnkésiter's LSD procedure was used
for all post hoc comparisons.

Results

Sensory characteristics

Table 6.1 shows the sensory characteristics obthg as rated in the small-bites and
large-bites conditions. The bite size did not dffeensory characteristics and the
pleasantness of the soup. In addition, the “explesatiation” value was not affected by
the bite size.

Table 6.1Sensory characteristics of the soup consumedceisrtall-bites and large-bites condititins

Small-bites Large-bites P
Pleasantness 57 +20 60 + 19 0.12
Overall taste intensity 59+15 59+15 0.74
Saltiness 52 +18 49 +19 0.17
Thickness 34 £ 17 34 +18 0.38
After-taste intensity 52+20 55+16 0.34
Expected satiation 46 £ 20 43 + 17 0.12

TValues are means + SDs, n = 54.
2Scores were rated on a 100 mm VAS after 45 g gb sothe practice session (first session).
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Ad libitum intake of soup

The ad libitum intake in the small-bites conditimas ~30% lower than in the large-
bites and free-bites conditions (F(2, 248) = B1< 0.001) in both the focused and
distracted states (Figure 6.2). The ad libitum katén the large-bites and free-bites
conditions did not differ® = 0.15). The rating of “I terminated consumpticecause |
did not like the manner of consumption” was addedavariate in the ANOVA model,
because it also affected ad libitum intake (F(18)24 9.5,P = 0.002). This means that
with correction of the manner of consumption, imtak the small-bites condition
remained significantly lower compared to the larged free-bites conditions. The ad
libitum intake was 5 to 11% higher when subjectsendistracted than when they were
focused (F(1,248) = 7.1P = 0.008). There was no interaction between bite-si
conditions and distraction on ad libitum intaké € 0.74). In the distracted state,
subjects correctly answered 85 = 12% of the quest{amin — max: 50 - 100%). This
outcome was not different between the differerg-bize conditionsR = 0.39).

8001
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Bl Distraction
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Small bites Large bites  Free bites

Figure 6.2 Mean + SD of ad libitum intakes. Ad libitum intakeas higher in the large-bites and free-
bites conditions compared to the small-bites camlifP < 0.001), and was higher in the distracted state
than in the focused statd® ( = 0.008). Values on columns with different supgpcletters are
significantly different P < 0.05). + = trend between the focused and distdastate in the small-bites
condition:P = 0.057.

Estimated amount consumed

The direction of the estimations, negative (underegion) or positive (over-
estimation), was affected by bite-sizé € 0.001), but not by distractiorP? (= 0.72)
(Figure 6.3). There was no interaction effeBt £ 0.34). Taking into account that
distraction did not influence the estimations, suty significantly underestimated their
amount consumed in the large-bites condition (bWottused and distracted state) and
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the free-bites conditionP(< 0.029). Estimations in the small-bites conditidid not
significantly differ from ad libitum intakeR(= 0.16).

The mean values of the estimations in the smadsbibndition was 332 + 190 g in the
focused state, which is 11% more than ad libitutakie (difference between ad libitum
intake and estimatior? = 0.09), and 342 + 175 g in the distracted statéch is 4%
more than ad libitum intaké>(= 0.66). The estimations in the large-bites cooditvas
386 = 206 g in the focused state, which is 13% teas ad libitum intakeR = 0.04),
and 441 + 208 g in the distracted state, which%sléss than ad libitum intaké (=
0.33). The estimations in the free-bites conditias 397 + 227 g in the focused state,
which is 10% less than ad libitum intake £ 0.07) and 419 £+ 202 g in the distracted
state, which is also 10% less than ad libitum iatfk= 0.12).

The mean difference in absolute values betweerestienated the amount consumed
minus the ad libitum intake over all conditions W&l + 131 g (min-max: 0.1 - 808 g).
Estimation accuracy (i.e., the absolute differemtepercentiles between estimated
amount consumed minus ad libitum intake) did ndfedibetween the bite-size
conditions P = 0.36) and did not differ between the distradad focused stateB &
0.88). There was a significant gender effét(0.018); women were 5% more accurate
in their estimations than men.
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Figure 6.3Mean + SD of the difference between the estimdtedamount consumed and the ad libitum
intake. The difference (estimated intake minuskiefavas affected by bite siz€ & 0.001), but not by
distraction P = 0.72), and there was no interactidh £ 0.34). * = significant difference between
estimated intake and intake (< 0.05), + = trend between estimated intake atake P < 0.10). Values
on columns with different superscript letters agmiicantly different < 0.05).
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Effect of distraction on bite size and total numbeiof bites

In the free-bites condition, subjects determinegirtbite sizes and bite frequency by
themselves. The bite size was not affected byatisom (Table 6.2). The total number
of bites was 11% higher in the distracted stata thahe focused state. In the distracted
state, the total duration of ad libitum intake wasger, and the eating rate and bite
frequency were lower.

Table 6.2Duration, bite size, number of bites, and bitefrency in the free-bites conditibn

Free-bites P
Focus Distraction
Total duration (min) 6.2+3.7 8.1+4.1 <0.001
Eating rate (g/min) 72.0+19.1 60.3 +23.4 <0.001
Bite size (g) 14.3+5.8 13.5+4.8 0.13
Total number of bites 32.3+18.6 36.0+18.9 0.02
Bite frequency (bites/min) 5621 48+1.9 <0.001

Yvalues are means * SDs, n = 53.

Appetite and hedonic ratings

Initial ratings of hunger, fullness and prospectogmsumption did not differ between
conditions (allP-values > 0.75), indicating that subjects werenmsame state of satiety
before ad libitum intake in each condition (Fig6ré).

After ad libitum intake (t=30 min), hunger (FiguBe4A) was affected by the bite size
(P =0.004), but not by distractioR & 1.0). Hunger ratings were higher after the small
bites, compared to both the large-bites and freesbf < 0.020). Hunger was not
affected by bite size after 1, 2, and 3 hou?s>(0.32). Likewise, ratings for fullness
(Figure 6.4B) were affected by bite size afteriadum intake (t=30 min)F < 0.001),
but not by distractionR = 0.31). The ratings for fullness were lower aftee small-
bites compared to both the large-bites and freesbf < 0.003). Fullness was not
significantly affected by bite size after 1 ho# £ 0.07), 2 hoursK = 0.11), and 3
hours P = 0.70).

Decrease in pleasantness and desire-to-eat the adtarpad libitum intake (data not
shown) was not affected by bite si®X 0.33), or distractionR > 0.52).
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Figure 6.4 Means of hunger (A) and fullness (B) ratings overet (9-point scale).*After ad libitum
intake (t = 0.5 h), hunger and fullness were affédiy bite sizeR < 0.004), but not by distractiof® ¢
0.31). *The ratings for hunger (A) were higher aftee small-bites condition compared to both thigda
bites and the free-bites conditiois € 0.02). The ratings for fullness (B) were lowadter the small-bites
condition compared to both the large-bites andréne-bites conditionsR < 0.003).

Reasons to terminate consumption

“l terminated consumption because | was full” whe tnost important reason in all
conditions to terminate consumption (Table 6.3)] fKiree reasons to terminate
consumption were affected by bite sike<g 0.012), but not significantly by distraction
(P > 0.07). The importance of the reason “I termidatensumption because | did not
like the manner of consumption” differed betweehtlatee bite size condition$ (<
0.015): small-bites > large-bites > free-bites. Téa@sons “l was full” and “Flavour was
not pleasant anymore” were more important in tingddites and free-bites conditions
compared to the small-bites conditidh< 0.036).
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Table 6.3The reasons to terminate soup consumgfion

Small-bites Large-bites Free-bites
Focus Distraction Focus Distraction Focus Distracti
“l was full”® 37+11 4.0°+10 4.06°¢1.0 423+09 43°+10 4.25+09
“Flavour not
266+1.1 2.8°+13 3.06°¢12 29°+12 3f+12 3.06°¢1.2

pleasant®
“Manner of

4 3.2+13 322+12 27+12 2612 25°+10 22+09
consumption

!Values are means + SDs. Values in rows with diffeseiperscript letters are significantly differéht <
0.05)

The propositions were answered on a 5-point scata ftotally disagree” (1) to “completely agree”)(5
% Significant main effects of bite siz@: < 0.012.

Discussion

Effect of bite size on food intake and on the estiated amount consumed

We hypothesized that ad libitum intake is higherewlsubjects consume larger bites
and that they would underestimate their amount wmesl. The results show, indeed,
that ad libitum intake was higher when consumingydabites, in agreement with
previous studies (13, 92, 93, 95-99, 209). Consgrarge bites led to underestimation,
whereas small-bites, led numerically, but not digantly, to overestimation of the
amount consumed. This indicates that bite sizec&ffieeliefs about food intake. Larger
bites are by definition associated with fewer bpes gram food. The fact that fewer
bites are taken when people consume with largs bty explain the underestimation
of food intake. This underestimation during constiorpmay delay satiation, because
food intake is highly influenced by cognitive preses (50).

Interestingly, when subjects determined their Isitee and frequency by themselves
(free-bites condition), ad libitum intake was simito large-bites condition. Subjects
also underestimated their amount consumed in tbe-lites condition. Moreover,

subjects consumed soup in the free-bites conditiim almost similar bite size to the

large-bites condition (~14 g and 15 g, respectivelshe results of the free-bites
condition indicates that underestimation of constiompalso occurs when people take
relatively large bites by themselves.

The mean bite size in the free-bites condition b4 g is larger than the bites that are
taken when the soup is consumed with spoons: § 229). The bite size was probably
influenced by the manner of consumption, which tiasugh a tube. It has been shown
that consuming with a straw instead of a spoore@®ed eating rate, possibly through
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relatively large bites facilitated by straws (8Uhe tube may therefore facilitate large
bites compared to spoons.

The reason “l terminated consumption because | mid like the manner of
consumption” was more important in the small-bitesdition compared to the large-
bites and free-bites conditions. It probably cdnites to the 30% lower intake in the
small-bites condition. The lower intake in the shdtes condition may also explain
why subjects felt less full directly after consuiopt However, when the statistical
model on ad libitum intake was corrected for “manofeconsumption”, there is still a
strong significant effect of bite size on ad lilbituntake (see results). Smaller bites are
always associated with more effort per gram foodrdased effort has been related to
lower food intake (26). Our previous study showkdt thunger decreased faster per
consumed gram food (rated after each consumed T¥itlg)small bites compared to
large bites (chapter 5). This supports the theloay $maller bites lead to faster satiation
and is not just the result of a more uncomfortabéenner of consumption.

Subjects felt less full after consumption in thea#irhites condition compared to the
large-bites and free-bites conditions. Howeverse¢heifferences in hunger and fullness
ratings diminished at one to three hours after conion (Figure 6.4). No differences
in hunger after three hours may indicate that gticed food intake in the small-bites
condition will not be compensated. Two studies @34}), that used an oral device to
decrease the bite sizes, have shown that the déxicéo a reduction in meal size
without changes on rated satiety between mealsll $m@s may therefore lead to a
reduction in food intake on longer term.

Bite size did not influence sensory characterisbcthe soup (Table 6.1). In addition,
the initial pleasantness and the decrease in pleasss after ad libitum intake were not
affected by bite size. Therefore, the effect ok lsize on ad libitum intake was not
mediated via differences in flavour perception leapantness of the food.

Effects of distraction on food intake, estimated amunt consumed and bite size

Distraction led to greater intake (5-11%), in agneat with a number of studies (35,
38-41, 108). Other studies have found an incréasenergy intake of ~14% when

watching TV (35, 38). This is somewhat greater tktza effect found in the present
study. Others have suggested that the increasedl ifiake in distracted states is
explained by impaired ability to monitor visuallyet amount consumed (35, 50, 109).
This study differed from others because subjectewet able to monitor visually the

amount consumed. Therefore, it is possible thataineg visual cues play a role, but
there must be other mechanisms that explain higloerintake during distraction.
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Distraction led to lower bite frequency and longeeal duration in the free-bites
condition. In addition, distraction was associateith higher number of total bites,
whereas bite size was not affected. Bite size mayahb individual behavioural
characteristic that is not influenced by distractidhis is in agreement with the finding
that bite size is constant within individuals fpesific types of food (218, 221).

Another study (41) also showed prolonged meal duraand increased food intake
when people were distracted by listening to muBie present study also showed that
the distracted state slowed down eating rate mibpged meal duration that eventually
resulted in higher food intake. Longer meal durgtihus more opportunity to eat, may
explain increased food intake in distracted staltes also possible that the sensory
exposure per gram food is less in the distractate s\Watching the film distracted
attention away from oral food processing. Oral senexposure to food is important
for termination of food consumption (e.g., 134, 183

To ensure subjects were distracted, they watchehimmation film during consumption
and were instructed to answer questions afterwarts. distraction was successful
because these questions were well answered. Thenammscore was 50% correct (out
of 8 to 11 questions). These questions could natnisevered if no attention was paid to
the film.

We hypothesized that the effect of bite size ordfowake is diminished in a distracted
state. Distraction did not influence the effecestf bite size on food intake; there was
no interaction effect. This means that the effédateducing intake by consuming small
bites is not overruled by increasing the numbebitds in a distracted state. Therefore,
smaller bite sizes are effective in reducing foutdke even when people are distracted.

We hypothesized that subjects would underestiniee amount consumed when they
were distracted. The results showed that both thecttbn and the accuracy of the
estimated amount consumed were not affected byadigin. This contradicts a recent
study that showed distraction resulted in impaineeimory for the consumed foods
(108). In that study, subjects had to recall thiéerBnt lunch items they ate after 30
minutes, which is different from estimating the ambconsumed directly after intake.
The results of the present study suggest thatdisteacted state without visual cues,
people somehow know how much they approximatelysgored. Probably, their

attention to the film did not completely diministieantion towards food consumption.
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Conclusion

Consumption with large bites, thus relatively feviotes per gram food, led to much
higher food intake and led to an underestimationtha&f amount consumed. When
subjects were able to determine bite sizes by telms, they took relatively large bites
and also underestimated the amount consumed. Wstoheaéing the amount consumed
is a possible risk factor for overconsumption. Tinmplies that consuming with large
bites impairs the control of food intake. Distractiled to a general increase in food
intake, independent of bite size. In addition, saty did not adjust their bite sizes when
they were distracted. This implies that small lsitees may successfully reduce food
intake, even in a distracted state. Designing foudth properties that involves
consumption of small bites/sips may prevent ovesoomption and decrease the
prevalence of obesity.
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Eating rate

Oral duration

Ad libitum intake Distraction

Taste intensity

Figure 7.1 Model that shows the main findings of this thesamely the effects of taste intensity, oral
residence duration, bite size and distraction ofilaghim intake. Negative effects are illustratedthw
and positive effects with +. Ad libitum intakenggatively affected by taste intensity (chapter4)3and
oral residence duration (chapter 5). Ad libitumake is positively affected by bite size (chaptei®)4
pleasantness (chapter 3) and distraction (chapteeding rate is negatively affected by oral resice
duration and positively by bite size and bite frelqey. Bite size is positively affected by pleasasthand
negatively by taste intensity (chapter 4). Larggedlead to shorter oral residence duration pamgr
food, as was found in other studies (100, 210)tr&sion decreases the bite frequency that leads to
lower eating rate (chapter 6).

Table 7.1Effect sizes of factors that reduced ad libitutalke investigated in this thesis.

Intake was reduced by Variable Factor Reduction intake (%) Chapter
Higher taste intensity Salt concentratidn 3.7 ~7.5-9 3,4
Smaller bite size 5vs.15¢ 3 ~22-30 4-6
Longer oral residence duration 20 vs. 60 s/100g 3 8 -~ 5

! The mean selected salt concentration for the laltivseup was ~150 mg Na/100g and the mean selected
salt concentration for the high-salt soup was ~B¥®bNa/100g (chapters 2-4). The low-salt soup was
rated at ~30 mm and the high-salt soup was rateé%tmm on a 100 mm VAS for saltiness (from very
weak to very strong).
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The studies described in this thesis focused omdleeof orosensory exposure of taste
on satiation. Clarification of principle mechanisthsough which orosensory exposure
affects satiation is important for the understagdai the regulation of food intake.
Effects of taste intensity, oral residence duratiod bite size on ad libitum intake have
been investigated. This discussion starts with\arwew of the main findings of this
thesis, followed by a number of methodological cdesations. After that, the
interpretation of the results is discussed, folldwby theoretical explanatory
mechanisms. Lastly, implications and suggestionfufinire research are given.

Main findings

Figure 7.1 summarizes the main findings of thissiheand the interrelationships
between variables. Table 7.1 quantifies the mdecef that are described in this thesis.
The effect of taste intensity on satiation was stigmted by varying the salt
concentrations in soup. When the soup was presestathgle lunch-item in a hungry
state, there were no differences in intake betwewrsalt and high-salt soup similar in
pleasantnesslapter 2). However, intake of high-salt soup was ~8% lottan that of
low-salt soup, either when the soup was presentedt a preload or as a starter
followed by a second meathapters 3, 4.

Smaller bite sizes decreased ad libitum intake wtheneating rate was kept constant
(chapters 4-§. This effect was independent of saltiness, bexdus size of the effect
(~25%) was similar for the low-salt and high-satg chapter 4). Hunger decreased
faster per consumed gram food when consuming withllsbites compared to large
bites ¢hapter 4, 5. Higher saltiness led to smaller bite sizes whd@nects were able to
determine the bite size by themselvelsapter 4).

To investigate the underlying mechanisms of bite sin satiation, we separated effects
of oral residence duration (s/g) from the numbebités (bites/g) in a design were the
eating rate was kept constamhgpter 5. Both longer oral residence duration and
higher number of bites per gram food decreasedildturh intake separately. In
addition, both longer oral residence duration amghdr number of bites increased the
total magnitude of orosensory exposure to the f@steonsumed gram of food.

Consumption with large bites increased ad libitumtake and resulted in
underestimations of the amount consumed, whereasuogption with small bites did
not (chapter 6). Distraction increased ad libitum intake, thiteet was independent of
bite size. Distraction led to a higher total numbkbites but did not affect bite size.

119



Chapter 7 — General discussion

Methodological considerations
Test foods

Tomato soup was chosen as test product in allegusitcause of a number of reasons.
Tomato soup is a common food to consume at lunctinenNetherlands (175, 230).
Tomatoes contain four different taste qualitiesesivglucose/fructose), sour (aspartic
acid), salty (sodium) and savoury (glutamate). Stsam tomatoes is associated as a
savoury tasting food. It is more appropriate toveex savoury tasting food than a sweet
tasting food during lunch, and there are not soyrsavoury liquid products besides
soup. A liquid product allowed us to vary the lstees and oral residence duration by
using peristaltic pumps (chapters 4-6). Soup iguwd product that is usually consumed
with a spoon, and is therefore associated with dfaostead of “beverage”. Blended
tomatoes are a suitable basis to vary the salterration, due to its naturally low
sodium content (chapters 2-4). In summary, tomatgpss an appropriate food for
lunch and was considered suitable to vary effettsrosensory exposure to taste on
satiation.

Preloads were used in the studies of chaptersa@3event subjects from being in a
very hungry state before ad libitum intake. In $iedy described in chapter 2, we found
no effect of saltiness on ad libitum intake, wheree did find effects of saltiness when
subjects received preloads before ad libitum intakée studies described in chapters 3
and 4. The state of hunger in chapter 2 may haeeraed effects of sensory signals on
satiation. This illustrates that experimental desidhave to be chosen carefully to
demonstrate effects of sensory signals (231). Réisns were used as preloads. Raisin
buns are appropriate to consume during lunch inNbtherlands (175). The energy
provided from the preload was calculated as hathefenergy provided by an average
lunch in the Netherlands (175). This was calculggedindividual, taking into account:
gender, age and weight (Schofield | equation). mythe preload phase, subjects were
able to drink water to ensure that they were niostih before ad libitum intake. Using
preloads prevented subjects from being very huragg allowed us to investigate
effects of orosensory exposure to taste on satiatio

Palatability strongly affects the amount consuméd-4{7), and may therefore be a
confounder when investigating sensory signals diatgan. First, all included subjects
liked tomato soup; they scored at least 6 on aiftgale (from very unpleasant (1) to
very pleasant (9)). In chapters 2-4, the salt cotmagons for low-salt and high-salt
soup were individually selected to be similar iegdantness (< 10 mm on a 100 mm
VAS). As far as we know, this individual selectitimcorrect for pleasantness was not
used before in other studies. In chapters 5, &, site and oral residence duration did
not have an influence on the pleasantness of tige. Sthis means that palatability is not
a confounding factor in the studies described is tinesis.
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Internal, environmental and cognitive factors

As stated in the introduction (Figure 1.1), alstetnal, environmental and cognitive
factors play a role in satiation. These factorsenstandardized or excluded as much as
possible to investigate effects of sensory exposuresatiation. To standardize the
internal state of satiety, subjects always statbhedlunch session at the same time. In
addition, they were instructed to consume the samekfast and only drink water
before the test lunch started. Ratings of hungdrfaliness before ad libitum intake of
soup did not differ between conditions in all sagdpf this thesis (chapters 2-6). This
suggests that standardization of the satiety biltwre ad libitum intake was successful.

Visual cues toward food have been demonstrateaftoence the amount consumed
(26, 55). In the studies described in this thessjal cues toward the amount consumed
were diminished (chapters 2, 3) or excluded (chrapfe6). In the first two studies
(chapters 2, 3) subjects consumed soup from a lsowpwith a spoon. The soup bowl
was “self-refilling” as described by Wansink et @5). Subjects were aware of the fact
that the bowl was refilling, to exclude the cogretieffect of the natural tendency to
finish the bowl (“clean the plate” (232)). In thest three studies (chapters 4-6), subjects
consumed soup through a tube that was connectédawiimp. The pump and the pan
that contained soup were invisible to the subjettere were no visual cues toward
soup consumption. Nevertheless, subjects were itamifith the taste and sight of the
soup, because they had one test session befostathef the ad libitum intake sessions,
and always tasted a small sample of soup in apgemast small cup before ad libitum
intake. The designs used in this thesis diminis#féztts of visual cues in order to focus
primarily on effects of orosensory exposure todast satiation.

Other environmental and cognitive factors thatuefice satiation were standardized as
much as possible. During the ad libitum intake,jesttis were not able to see others,
thus intake was not influenced by social settifygtential subjects that scored high on
restrained eating behaviour in the Dutch eatingabiglur questionnaire (DEBQ) were
excluded from participation. Tomato soup was alwayailable in excessive amounts,
so that subjects could eat as much they wanted.

Experimental design

Effects of eating rate and taste intensity on faadke were already known from
previous studies that used ‘real life’ environmell®, 13, 212). In this thesis,
underlying mechanisms were studied that give moseght in how these factors
influence satiation. Investigation of these undady mechanisms required tightly
controlled experimental designs. These designs wengp to enable variation of the
parameters of interests while keeping all otheaypaters that potentially influence ad
libitum intake as constant as possible. In chapieBs eating rate, bite sizes and bite
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frequencies were fixed, by administrating soupavtaibe using a peristaltic pump. This
unnatural way and tight control of eating may havfienced the results on intake to
some extent. Nevertheless, subjects consumed tinaty were satiated because the
reason “I was full” was more important than “I didt like the manner of consumption”
or “I did not like the flavour of the soup anymotte’terminate consumption (chapter 4-
6). Moreover, chapters 4 and 6 had “free” condgitmat allowed subjects to determine
the bite size and bite frequency by themselvess Tid not result in much larger or
much lower ad libitum intakes, the intakes were parable to those in fixed
conditions. Thus, more ‘freedom’ in consumption dat lead to obvious differences in
ad libitum intake.

External validity

The studies consisted of within-subject designahich 43 to 56 subjects participated.
This means that there was sufficient statisticalgroto demonstrate effects of at least
~10% (power calculation for within-subject design&ste intensity and oral residence
duration affected intake by 8%, resulting in sigraht main effects (chapters 4, 5), but
did not always reached significance in post hocgansons within different conditions.
However, we found similar effects of taste intensih satiation in two different studies
(chapters 3, 4). Taste intensity affected satiatiotifferent meal compositions (chapter
3) and when consuming with different bite sizesafitbr 4). Similar reduction due to
longer oral residence duration was found in bo#h Ittw- and high number of bites
conditions in chapter 5. In addition, the effectbite size on satiation was repeatedly
demonstrated (chapters 4-6). The fact that sinetlects were found between different
conditions and over more studies suggests thatethdts in this thesis are robust and
accurate.

The results in chapter 6 showed that consumptioth warge bites led to
underestimations of the amount consumed. This waemnly found when the bites were
fixed, but also when subjects determine their biigghemselves. This suggests that
taking large bites in a natural way of eating désaa to underestimations of the amount
consumed, which is a risk factor for overconsumptio

All subjects participated in the studies of thiedis were healthy, young (18-35 v),
normal weight (BMI 18.5-25 kg/fj, non-restrained adults. We assume that, in genera
humans without taste and smell impairments, indgdibese and overweight people,
will be responsive to effects of orosensory expedarfood on satiation. Obese people
were shown in other studies to reduce food intdke gecreased eating rate (233), thus
by increasing the orosensory exposure per gram.fdddreover, the positive
relationships that were found between eating tate,size and body weight status (15-
18, 234, 235) suggest a causal relationship. Tinggests that obese people are also
sensitive to effects of orosensory exposure t@ tastsatiation.
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Eating rate, which is related to orosensory expmshas been demonstrated to affect
intake over a wide range of foods (9-13). Orosgnsaposure to food has been shown
to be important for feedback signals of satiatiorséveral human and animal studies
(71, 180, 182) Tomato soup was used to clarify the principle Ina@misms through which
orosensory exposure affects satiation. Hence, Wevieethat the mechanisms found in
this thesis for tomato soup are also valid for otheds.

Discussion and interpretation of the results

Smaller bite sizes, longer oral residence duraaiot higher taste intensity led to lower
food intake (Table 7.1, Figure 7.1). These thremofg separately affect food intake,
because no interaction effects were found betwaste tintensity, bite size and oral
residence duration (chapters 4, 5). Table 7.1 shbassreducing the bite or sip sizes
would be the most efficient way to lower food irgak

Bite size, oral residence duration

As stated in the introduction, eating rate (g/naffects the amount of food intake, and
is affected by oral residence duration and bite §izgure 7.1.). We showed that both
bite size and oral residence duration affected fotake when the eating rate was fixed
(chapters 4-6). Therefore, Figure 7.1 does not shaolvect arrow from eating rate to ad
libitum intake, which is different from the model the introduction (Figure 1.2). Eating
rate does affect intake in a natural way of eating, this is considered as an indirect
effect. Bite size and oral residence duration mayhe explaining factors of the effect
of eating rate on satiation.

In a natural way of eating, bite size and oraldesce duration are related to each other;
smaller bites are associated with longer oral eegid duration per gram food (100,
210). We showed that smaller bites are not onlyensatiating because of the longer
oral residence duration, but also because of tghehithe number of bites per gram
food as such (chapter 5). This explains the laftgrtethat was found for bite size on
food intake compared to oral residence duragiense (Table 7.1). That smaller bites
are more satiating is confirmed by the faster desgan hunger and faster increase in
fullness compared to large bites per consumed (Chapter 4, 5). Smaller bites reduce
ad libitum intake not only in a food-focused sthté also in a distracted state (chapter
6). Similar size of effect of bite size on ad libit intake has been found for sweet
tasting products (92, 93). These studies also coedplites of 5 g with bites of 15 g
(93) or 20 g (92).

Consuming with either large or small bites affecteelieves about the amount
consumed (chapter 6). Consumption with large Hedsto an underestimation of the
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amount consumed, whereas consumption with smai lbetd numerically, although not
significantly, to an overestimation of the amoumbhsumed. Consuming with large bites
means that fewer bites need to be consumed comfrasedaller bites for intake of the
same amount of food. The number of bites may bate@lto beliefs regarding the
amount consumed. Relatively fewer bites, due tmelabites, may explain the
underestimations of the amount consumed. Beliefatd the amount consumed play
an important role in how much food is actually aomgd (e.g., 50). Underestimating
the amount that is consumed during a meal, mayteddgher food intake within that
meal. It is possible that the association of bige svith food intake depends on the
effort; large bites means less effort comparednmalsbites per gram food. Effort is
related to the ease with which a food can be coeguamd has a great impact on the
amount consumed (236). Increased effort was showledrease consumption (26).

The reduction in intake of ~8% due to longer oesdidence duration is smaller than
found by Zijlstra et al. (93), who found a diffepenof 15% in intake of a sweet tasting
product when the oral residence duration was vanea factor three, similar to our
design (Table 7.1). It is possible that oral resadeduration to sweetness has a stronger
effect on reduction in food intake than saltin€dseetness signals energy and saltiness
signals sodium. Sodium is essential for many phggioal processes, but the intake of
sodium is probably not regulated on the short-tegimnjs the intake of energy (187,
188).

The effect sizes found in this thesis strongly daepen the experimental designs that
were chosen. This thesis showed that reducing iteeslze is probably more efficient

than only increasing the oral residence durationerwthey would be manipulated to
same degree. The fixed bite sizes that were chdsgnand 15 g (chapters 4-6), are
within the range of natural bite sizes of commoad® Bite sizes for solid foods are
between 2 to 10 g (89, 100), and between ~10 tg &0 liquids and semi-solid foods

(12, 89, 221). Bite size is also determined byvitlial characteristics and manner of
consumption. In chapter 3, mean bite sizes diffédreth 4.6 to 13.0 g when subjects
consumed soup with a spoon. In chapters 4 and én e sizes differed from 3.6 to

32.0 g when subjects consumed soup via a tube.

For the oral residence duration, we chose 20 s/¥680§0 s/100g food, which is shorter
than found for solid foods. The oral residence tionais between ~200 to 700 s/100g
for hard solid foods, and between ~60 to 300 s/T60gore softly textured solid foods
(100). As far as we know, there are no data of msidence duration of liquid foods,
but this is has to be much lower than for solidd®decause liquids need minimal oral
processing and are swallowed quickly. We founddaicgon in intake of 8% when the
oral duration was three times extended. The vanat oral residence duration used in
this thesis is much smaller than found in commond$o Therefore, oral residence
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duration may play a more important role in satmtio a natural ways of eating than
found in this thesis.

Eating rate (g/min) is also influenced by bite fregcy in addition to oral residence
duration and bite size (Figure 7.1.). Effects déldrequency on ad libitum intake were
not directly investigated in this thesis, becaugie frequency was considered less
important in food intake. The contributions of béige and bite frequency on ad libitum
intake of chapter 3 (where subjects consumed satlp avspoon) were analysed by
Bayesian modelling (237). Predicting intake by 10%reases of bite size and bite
frequency shows that bite size has much more impacad libitum intake than bite

frequency (Figure 7.2). In addition, Zijlstra et é3) investigated effects of bite size
when both the bites of 5 g and 15 g were admiredtat equal bite frequency. In this
thesis, bites of 5 g were administrated at a ttirees higher bite frequency to keep the
eating rate equal (chapters 4-6). The effects t&f fize on ad libitum intake found by
Zijlstra et al. (93) was of similar effect size thidne results in this thesis. This indicates
ad libitum intake was primarily affected by biteeiand not by bite frequency. Bite
frequency may therefore not affect satiation inhsan extent as bite size and oral
residence duration. This is possibly explained bgslimpact on the orosensory
exposure to the food compared to bite size and msidlence duration. This may
explain why some studies that prolong the pausésdem bites, thus lower the bite
frequency, fail to find a reduction in food intak&l3, 214) or fail to find effects on

postprandial hormonal secretion (215).
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Figure 7.2 Comparing contribution of bite size and bite fregay on intake by Bayesian modelling,
using data of chapter 3. The mean and standar@timviof intake were predicted at every 10% incgeas
of bite size (A) and bite frequency (B). The 10%rease step of each variable was calculated tmée o
tenth of the range between the mean + 3 x SD (@uyenore than 99.7% observations). This step was
equal to 0.93 g for bite size and 2.25 bites/mirbite frequency. Adopted with permission from (237
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Taste intensity

The studies described in this thesis were thethat showed that taste intensity directly
affects ad libitum intake, and is not necessarigdrated via pleasantness (Figure 7.1)
(chapters 3, 4). We showed that higher saltinessedsed ad libitum intake when the
pleasantness was kept constant. The effect of itatstesity on food intake found in this

thesis may explain why humans usually eat highesuants of neutral tasting or staple

foods like potatoes or rice than high-intense mastoods, such as olives or sweets.

In a real life situation, taste intensity or sa8s affects the pleasantness of a food, and
pleasantness is an important determinant of fotakén (42-47). We showed that the
most pleasant level of saltiness in soup (i.e.,itleal-salt soup, salt concentration in
between low-salt and high-salt soup) resulted ghést intake (chapter 3). This is in
agreement with other studies that have shown Heafdod that has the most pleasant
taste intensity led to highest intake (112-116,)1PCeasantness overruled the effect of
taste intensity on satiation, because the idealssalp was higher in taste intensity than
the low-salt soup, but led to higher intake (chaf)e

Pleasantness positively and taste intensity neggtiaffected bite size (chapter 4,
Figure 7.1). Adjusting bite sizes according todastensity allows humans to self-dose
the amount of nutrients. Similarly, de Wik et &.78) found that a higher aroma
intensity resulted in smaller bite sizes. Howetvee, effect of taste intensity on bite size
does not explain the effect of taste intensity make in this thesis, because fixed bite
sizes led to the same size of effects on ad libintake (chapter 4).

Although we found an effect of saltiness on saiatiit is a relatively small effect. A
large difference in salt concentration in soup G-ty Na/100g (low-salt) vs. ~575 mg
Na/100g (high-salt)) led to a small difference aod intake (chapters 3, 4 and Table
7.1). The low-salt soup was rated at ~30 mm anchiyke-salt soup was rated at ~65
mm on a 100 mm VAS for saltiness (from very weakeoy strong). It is possible that
saltiness is not associated as a satiating nuttecduse is it not associated with energy.
Taste intensity manipulated by sweetness or umami, (Savouriness) may gave
different effects on satiation due to their assiomis with energy and protein,
respectively. However, humans may not always djsish an umami taste from a salty
taste (238). As far as we know, the effect of tastensity of sweetness or umami have
not been investigated in designs were pleasanmas&ept constant.

With regard to taste intensity, nowadays many msee foods contain flavour
enhancers or artificial sweeteners. These ingrésliecrease the intensity of the taste
but do not contribute to the nutrient density af fbods. The taste of highly processed
foods have been shown to impair the prediction tgrient content (73). The
association between taste intensity and nutriensidemay have weakened along with
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the introduction of processed foods. For examplendns in the industrialized world
may have a mixed diet of foods that contain eneigly sweeteners (sugar) and foods
that contain sweeteners without energy (artifisi@eeteners). In rats, ingestion of sweet
foods that contained artificial sweeteners disrdptiee association between energy
density and sweetness. This resulted in increasely veight when the rats were
exposed to sweet foods that contained energy (1dHRddition to artificial sweeteners,
also flavour enhancers may impair the predictiotwben taste and nutrient content,
especially taste intensity and nutrient densityisThay explain the relative small effect
of taste intensity on satiation found in this tkeghapters 3, 4). The poor prediction of
the taste and its nutrient content may interfettd 'eindamental physiological processes
that may lead to positive energy balances.

No effect of saltiness on ad libitum intake wasdwvhen subjects only consumed the
soup for lunch and did not receive a preload (adrap). Probably, feelings of hunger
may have overruled effects of sensory signals diatgm. Humans in a very hungry
state may be less sensitive to sensory processgstha:m may result in higher
consumption once they have access to food. Husgaysitively related to bite size and
eating rate (chapter 4) (12, 15), which facilitatag&rconsumption. In contradiction,
when subjects consumed soup as a starter while khewy they would be served a
second course, they did show effects of taste sitienn soup intake (one treatment of
chapter 3). In this treatment, subjects were inséime hungry state before soup intake
because they did not receive a preload as in sitidigapter 2. The difference is that in
chapter 3, subjects knew that they would be seavedcond meal, whereas soup was
the only lunch-item in chapter 2. People eat mdra tood when they know that they
have no access to other foods for a certain timg @ossibly, in a meal that consists of
multiple items, the intake each food item is prittyaregulated by sensory processes,
whereas in a single-item meal, internal signalewfger/fullness play a more important
role in satiation.

The role of orosensory exposure to taste on satiati: Explanatory mechanisms

This thesis demonstrates the importance of tastaimtion. The sense of taste was
previously known to be important in food choice andal initiation (20, 49, 71). The
sense of taste does not only inform the brain Whnat of nutrients are ingested but also
how much nutrients are ingested. More contact sthtds with taste receptors leads to
an increase in orosensory exposure to taste @reincreased taste perception). We
showed that changing the orosensory exposure tashe of food influences satiation.

The intensity and oral residence duration of tasteconsidered to affect the orosensory
exposure to taste in strength and duration, resdet(Figure 7.3). In theory, foods
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higher in taste intensity contain a higher numbletastants. More binding of tastants
with taste receptor leads to an increase in or@sgrexposure. Longer oral residence
duration is associated with more time for tastattsbind taste-receptors before

swallowing. This also increases the orosensory sx@o The effect of oral residence
duration on orosensory exposure is not only basetth@ory but has been demonstrated
in chapter 5. Execution of time-intensity measunet®eshowed that longer oral

residence duration increases the total magnituderagensory exposure to the food
(Figure 5.4 and 5.5). Bite size also affected aneegy exposure, smaller bites led to an
increased total magnitude of orosensory exposutbddaaste of the food (chapter 5,
Figure 5.4 and 5.5). Consuming with smaller bitather than larger bites probably
leads to relative more tastants-receptor bindinggoam food. This means in practice,
that relatively more per gram food is tasted whemsaming with small bites compared
to large bites.

Taste intensity

Oral residence duration

Figure 7.3 Theoretical model of taste intensity, oral residerturation and bite size on the total
magnitude of orosensory exposure. The straight(ke=) illustrates one bite of 15 g. The aneder the
curve (grey area) is the [taste intensity x oraidence duration] which represents the total oremgn
exposure to the taste of the bite. The dotted(line ), illustrates a bite that is higher inteamtensity.

The dashed line< = ), illustrates a bite lemig oral residence duration. Both the taste sitgrand the

oral residence duration increase the area undecuhe and thereby the orosensory exposure per gram
food. The thin line += ) illustrates oneehdf 5 g. Three bites of 5 g lead to larger aredeuthe curve
than one bite of 15 g. This is measured and demadgdt in Figures 5.4 and 5.5 in chapter 5. Thus,
smaller bites lead to more orosensory exposureetaiste per gram food compared to larger bites.

In a natural way of eating, oral residence durattrongly depends on other oral
processes like chewing and other mouth movemeatsatie needed before swallowing.
Mouth movements and chewing diminish taste adaptaind increase the number of
taste receptors that are stimulated (239). Thidaily also leads to more orosensory
exposure to the taste and may contribute to satiatii et al. (240) showed that
increasing the number of chews led to lower addihni intake and higher hormonal
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satiety responses. Oral processes as mouth movemarehithewing may also contribute
to satiation in addition to the effect of oral cemnce duration and bite size

We showed that orosensory exposure per gram fondgatively influenced by shorter
oral residence duration and larger bite sizes (endp Figures 5.3, 5.4, Figure 7.3).
Liquid foods are consumed with large sips and matioral residence duration (12).
Energy-yielding liquids were repeatedly found tovdndow satiating capacity. This was
demonstrated by high intakes and low hormonal tyatresponses compared to
liquids/semi-solids higher in viscosity (10, 12, @31). Moreover, energy intake from
liquids was shown to be compensated poorly (22%).2Zhe minimal orosensory
exposure to taste obtained from energy-yieldingitlg may explain the low satiating
capacity.

Orosensory exposure to taste may be the key exmanahy volume or weight is a
more important determinant of food intake than gpedensity (28, 78, 79). Humans
were shown to consume a constant weight or volurex tme (77, 79, 80). The
volume of food that is consumed is related line&olyhe orosensory exposure to food
in a natural way of eating. The controlled expentaéstudies in this thesis showed that
variations in orosensory exposure to the food affee volume/weight of the food that
was consumed (chapters 3-6). Therefore, we asshateotosensory exposure to the
food may be the controlling factor of food intakathrer than the volume. This is
supported by the results of Hogenkamp et al. (8@)p showed that intake was
primarily affected by eating rate. Consumption wsthaws increased eating rate, thus
less orosensory exposure, and led to a constaméhigtake over 10 days compared to
consumption with spoon. Moreover, consumption guill foods results in greater
intakes compared to solids and semi-solid foods,tduess orosensory exposure (9-12,
181). When the orosensory exposure (the bites #@ediriervals) was held constant
between the liquid and semi-solids, theakes were similar (10, 12).

In addition to sensory signals, also cognition rhaye played an important role in the
results that were found in this thesis. Besides@gnprocesses, cognitive processes
highly influence satiation (25, 50). Humans mayoastte foods higher in taste
intensity, thus stronger tastes, as foods thathayker in nutrient density. Less food
needs to be consumed for an appropriate ingestiantdents of a nutrient dense food.
Therefore, foods higher in taste intensity may leadarlier satiation. Foods that require
long oral residence duration and small bites arstinsolid foods. Solids are more
energy dense than liquids in general. Humans, filere may have an association
between oral residence duration, bite size andettexgy density of the foods. This
association may affect food intake. We showedt¢basuming with large bites led to an
underestimation of the amount consumed (chapte€@)sumption with larger bites is
associated with relatively fewer bites for the sameunt of food to be consumed. The
fact that relatively fewer bites are taken whenstoning with larger bites may explain
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the underestimation. This underestimation duringsaonption may have led to higher
food intake compared to consumption with smalldite

Consumption in a food-focused state led to low&kie compared to consumption in a
distracted state, as shown by the results in ch&pa@d many other studies (35, 38-41).
Awareness of eating, or ‘mindful’ eating, increasies sensitivity of the senses toward
eating, like the taste, smell, sight and (mouth)fi#éndful eating has been shown to be
efficient in body weight management (242-244). fistion impairs the sensory
experience among eating, which may delay satiat®ome studies suggest that
increased food intake in distracted states areechby the decrease of visual cues
toward food (35, 50, 109). We showed that distaacstill leads to higher food intake
also when visual cues were excluded. This suggesimportant role for the attention
to the taste of the food in satiation.

Implications and future research

With regard to the prevalence of obesity, morengitbte@ should be paid to the satiating
capacity of foods. The satiating capacity shouldaoeed as a quality attribute in
designing and marketing of new foods. This thestsred that orosensory exposure is
an important factor in the satiating capacity obds. The orosensory exposure is
influenced by bite size, oral residence duratiod probably other oral processing like
chewing. In this thesis, the focus was on orosgnegposure per gram because we used
the same test food throughout all studies. In orndereduce energy intake, it is
important to change the focus to orosensory exgogar calorie. The orosensory
exposure per calorie can be influenced by the physand extrinsic (that influence
manner of consumption) properties of food, andngydnergy density.

Physical food properties influence the bite siza| oesidence duration, chewing and
other mouth movements (94, 219). Viscosity is nigght related to bite size and
positively to oral residence duration (12). Theesobf food properties like coatings,
particles, hardness, tenderness, stickiness, aaimbss, on orosensory exposure have
to be investigated. Also food unit size, height andth, (chips, French fries, chocolate)
influences the orosensory exposure and may cotgritiuthe satiating capacity. That
smaller food unit size lead to considerably lowdake without differences in fullness
compared to larger unit sizes was recently illusttan a study that used different sizes
of rice balls (245). Large portion sizes were associated with higher eating rate and
bite size compared to normal portion sizes (97,).2B6sides physical food properties,
the manner of consumption also determines the nsasg exposure to food. Drinking
from a cup lead to larger sip sizes than drinkintha straw (221), and straws, lead to
larger sip/bite sizes than consumption with spo(8®. In addition, packaging can
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influence the manner of consumption. Decreasingdibeeter of the neck of a bottle
may reduce sip size. Smaller spoons may be helpfteduce bite size. In conclusion,
the results in this thesis give insight in how t@ige the satiating capacity of foods.
The oral residence duration and especially thedizte seems to be very efficient in this
respect (chapters 4-6). The influence of other pratesses, for example chewing, on
satiation need to be further investigated. Moreptleg relations between of physical
and extrinsic food properties on the satiating capahould be investigated in order to
prevent overconsumption.

Opposite approaches can be used to decrease ia@ngatapacity of foods, for
example for underweight elderly or infants. Fastingarate, thus short orosensory
exposure, diminishes the satiating capacity of $oadd may increase energy intake.
Some studies attempted to increase energy intakeldarly by offering flavour
enhanced foods (247-249). Taste and smell is iregaith age, therefore flavour
enhanced foods were offered to elderly to increhsepalatability. Flavour enhanced
foods did not increase food intake in these stu(fd3-249). This thesis learned that
taste intensity directly negatively affects satiatand not necessarily has to be mediated
via pleasantness (Figure 7.1). Increasing the tastdavour may therefore not be a
helpful way to delay satiation. Facilitate foodaké by increasing the eating rate may
be more effective in increasing food intake thaange the taste of the food.

We do not know if reductions in food intake dueatoincreased orosensory exposure
per gram food are compensated later on the daywef @ few days. The orosensory
exposure to the taste of food is considered toamdy influence satiation but also
satiety. Slower eating rate, that increases theemsory exposure to the food, led to
higher responses of satiety hormones (241, 250). Edducing bite sizes by an oral
device, thus increasing the orosensory exposuttdpleeductions in meal size, whereas
the changes in hunger and fullness did not diffemf normal intake (98, 224).
Moreover, some studies suggest that humans do oropensate well to moderate
changes in energy intake over multiple days (222, 253). Levitsky et al. (253)
showed no energy compensation when lunch was esgplady lunch lower in energy
content over a period of 10 days. These resultsweage the idea that achieving earlier
satiation may lead to decreases in energy intakth@rong term. The final challenge
will be to investigate if increased orosensory expe the taste of food, established by
physical food properties or manner of consumptleads to sustainable reductions in
energy intake.

The eating rate, bite size and oral processinglarermined by food properties (10-12,
94, 218, 219), but also by the individual (219, RX8everal studies have suggested a
positive relationship between eating rate and bedight status (15-18). Laboratory
studies found that obese people take larger b#gismore quickly, and this has been
associated with greater food intake (15, 234, 2S$piegel (94), however, found no
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differences in eating rate and bite size betwean kEnd obese subjects. Zijlstra et al.
(89) found that obese subjects consumed with larges from one food but not from
another food, whereas eating rates did not diffengared to lean subjects. Slow eating
rate interventions resulted in different outcomegarding food intake. It has led to
decreased food intake (13, 233), decreased foa#tandnly in men but not in women
(254), decreased food intake only in subjects wbiesamed large amounts of foods
(14), no change in food intake (255), or even highed intake (213). Together, these
interventions do not clearly link slower eatingerdd reductions in energy intake and
thereby not supporting slow-eating training as mgonent of behaviour treatments for
obesity. This may due to the way that slow eateig was established. The results of
this thesis demonstrate that lowering eating ratesrballer bite size and longer oral
residence duration would be more effective thatolering the bite frequency (Figure
7.2). Slowing down the bite frequency or incredse pauses during consumption may
not be an effective way to reduce food intake,@afiomed by the outcome of some of
these studies (14, 213, 255).

Training obese subjects to slow down eating ratpossibly efficient to increase the
sensitivity to signals of satiation (251). A sustd lower eating rate is not easy to
maintain. Slow down eating rate by a mandometer, (a computerised device that
provides real time feedback to participants durmegpls to slow down eating rate) has
been shown to improve weight loss during 12 moitteidition to standard dietary and
activity counselling (233). However, the resultsakened within six months after a
treatment of one year with the mandometer. Moreaarsuming a food high in energy
density at a slow eating rate still involves a tie&a high caloric eating rate
(energy/time). Choosing foods that involve low calceating rate (i.e., “slow foods”
212), thus more orosensory exposure per calorigrolsably easier and therefore more
effective in reducing energy intake than slow doarperson’s eating rate. More
attention to the satiating capacity of foods by fibed industry will make it easier to
choose for satiating foods. This will not only héthye obese population but will also be
effective in decreasing the prevalence of obesity.

Food intake regulation in infants starts with dmk milk from mother’s breast or

bottle. In the Netherlands, 81% of the infants lareastfed after birth (0 months), the
number is reduced to 48% at the age of 1 monthr@shaced to 13% at 6 months (256).
There is evidence that breastfeeding reduces #theofi obesity by 10-30% through

adulthood (257-259). A possible explanation is thatastfeeding involves self-

regulation of energy intake, as it is primarily ueged by the infants’ responses on
satiation. Bottle-feeding involves much more maaércontrol of energy intake than
breastfeeding. In addition, bottle-feeding is ass#ted with a lower frequency of the
feeds and probably alters the eating rate andiduarah recent retrospective study (260)
showed that children aged 3 to 6 years who weraskiel in the first three months of
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life had higher responsiveness to satiety thardadml who were bottle-fed with human
milk (measured by the Child Eating Behaviour Qumstaire (261)). Breastfeeding may
be important for the fundamental control of foodake throughout life. Effects of

breastfeeding vs. bottle-feeding on food intakeul&igpn in later life needs to be further
investigated.

Main conclusions

This thesis demonstrates that consuming foods witfaller bite sizes, longer oral

residence duration and higher taste intensity lewleod intake. These effects are
possibly explained by influencing the total magdéuof orosensory exposure to the
taste of the foods. More orosensory exposure totdsée led to faster satiation.

However, taste intensity did not influence satiatwhen food was presented as single
lunch-item in a hungry state. Sensory processesatdtion may be dependent on state
of hunger and meal composition.

The largest impact on satiation was shown by ctmntiie bite size. Consumption with
large bites led to underestimations of the amoumtsemed. This implies that
consumption with large bite sizes may impair thetad of food intake, which is a risk
factor for overconsumption.

With regard to the high prevalence of obesity, naitention is needed for the satiating
capacity of foods. The latter is influenced by ttodal magnitude of orosensory

exposure. Increasing the orosensory exposure canteved by changing physical and
extrinsic food properties. More research is neettedink these food properties to

factors that influence orosensory exposure, assiitg oral residence duration, chewing
and other oral processes.
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Achtergrond

De prevalentie van obesitas en overgewicht is déstea decennia fors toegenomen.
Obesitas en overgewicht zijn een gevolg van eegdiange positieve energiebalans,
waarbij de energie inname uit voedsel hoger is listnenergie verbruik. De toename
van obesitas en overgewicht in onze samenlevingaarschijnlijk gerelateerd aan de
veranderingen in het voedselaanbod. Ons huidigsedadnbod wordt gekenmerkt door
producten die met weinig moeite snel gegeten kunvanden. Dit leidt tot een relatief
snelle inname van energie. Voeding die geassociserdet een snelle inname van
energie zijn bijvoorbeeld energie houdende friskkeanen producten met weinig vezels.
Onderzoek heeft uitgewezen dat een snelle innameeuargie gemakkelijk leidt tot
inname vanmeer energie.

Een snelle inname van voedsel leidt tot mindereosainsorische blootstelling aan dit
voedsel. Orale sensorische blootstelling is de meramg van smaak, geur en textuur in
de mond, in andere woorden, het proeven van voed3el orale sensorische

blootstelling aan voedsel is belangrijk voor deutagle van de voedselinname. De
smaak van voedsel bepaalt de voedselkeuze. Nabdieleng van smaak voor het

beginnen van een eetmoment, is het ook belangojr \de beéindiging van een

eetmoment, dus voor verzadiging. Eerdere onderroe&bben uitgewezen dat wanneer
voedsel direct in de maag wordt toegediend, mengénveel minder verzadigd voelen

dan wanneer ze hetzelfde voedsel gewoon via de rgegdten hadden. Het proeven
van voedsel is dus belangrijk voor het verzadigyegeel en het uiteindelijk beéindigen

van een eetmoment.

Doel van dit proefschrift

Het doel van dit proefschrift is om de belangrigksnhechanismes te onderzoeken
waarmee de orale blootstelling aan smaak van vbedseerzadiging beinvioedt. We

hebben onderzocht of de sterkte van de smaak, ulevdn blootstelling aan de smaak
en de hapgrootte van invioed zijn op verzadiging [@sultaten leiden tot meer

inzichten in het verzadigingsproces en bieden nijggeden om overconsumptie (het

consumeren van te veel energie) tegen te gaan.

Onder zoeken

In vijf experimenten onderzochten we of de smaakisiteit, de duur van blootstelling
aan smaak in de mond, en de hapgrootte en vanemhvign op verzadiging. Om
verzadiging te meten hebben we gekeken naar deshlteid voedsel die mensen aten
en naar subjectieve scores van honger en verzgdigis testproduct werd in alle
experimenten tomatensoep gebruikt die onbeperkwanden geconsumeerd tijdens de
lunch. In alle experimenten deden rond de 50 gezojmhgvolwassen (18-35 jaar)
deelnemers mee die allen een normaal gewicht hadden
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In de eerste drie experimenten (hoofdstukken 24Jkee deelnemer twee soepen, één
met een lage en één met een hoge smaakintensjteityee verschillende dagen. De
smaakintensiteit was aangepast door het zoutgebalteariéren. Er werden twee
zoutgehaltes geselecteerd (een lage en een hagendeveer even lekker waren. Het
eerste onderzoek wees uit dat er geen effect wasmaakintensiteit op de hoeveelheid
soep inname (hoofdstuk 2). In dit onderzoek warenddelnemers hongerig, na het
ontbijt hadden ze niets meer gegeten en kregemksd de soep aangeboden als lunch.
Wanneer de deelnemers in een matig verzadigde wtaah voor consumptie van de
soep, werd 8-9% minder van de soep met de hogeksmessiteit gegeten vergeleken
met de soep met de lage smaakintensiteit (hoofkstul8 en 4). Dit effect werd ook
gevonden als de deelnemers hongerig waren (dushantbijt niets meer gegeten
hadden) maar wisten dat ze na de soep nog verdertemeten van een broodmaaltijd
(hoofdstuk 3). Deelnemers gaven aan zich evenev@btlen na het eten van de soep
met lage als hoge smaakintensiteit. Een hogere léntaasiteit leidt dus tot een
snellere verzadiging en minder voedsel inname.eBéct is echter afhankelijk van de
context, zoals de staat van honger en uit hoewasthillende componenten de maaltijd
bestaat.

In hoofdstuk 5 keken we naar het effect van de dauarblootstelling aan het voedsel in

de mond op verzadiging. Dit hebben we gedaan deeindmers happen aan te bieden
via een slang die verbonden was met een pomp. Dg peguleerde de happen. De
duur van het voedsel (per hap) in de mond werdggéeerd door middel van geluiden

(piepjes) die aangaven wanneer er een hap aankwiamaeneer deze werd geacht
doorgeslikt. Een verlening de duur van een hapeimaénd met factor drie (een hap 3
seconden tegenover 9 seconden in de mond, en adsetegenover 3 seconden) leidde
tot 8% minder soep inname, terwijl de deelnemerh even vol voelden. Een langere

blootstelling aan de smaak van voeding in de merut tot een snellere verzadiging en

minder voedsel inname.

In de experimenten beschreven in hoofdstukken 4lfkt bdat hapgrootte een
belangrijke rol speelt in verzadiging. Happen vagram leidden tot ongeveer 25%
minder inname dan wanneer er met happen van 15 gvard gegeten. In deze
experimenten werden de happen eveneens geregudeerdmiddel van een pomp.
Deelnemers beoordeelden gevoel van honger en vgizadijdens het eten, namelijk
na consumptie van elke 75 gram soep. Kleinere mappeyden voor een snellere daling
van het hongergevoel per gegeten gram voedseldbiutken 4 en 5). Kleinere happen
bleken tot een grotere blootstelling aan de smaalgmm voedsel te leiden (hoofdstuk
5). Deze grotere blootstelling aan de smaak zowundmnverklaren waarom kleine
happen meer verzadigend zijn dan grote happen.

Eten met kleine happen betekent dat je meer hapet nemen voor het consumeren
van dezelfde hoeveelheid voedsel. Eten met grgipdrakost minder moeite dan eten
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met kleine happen. Doordat grotere happen geassdcidjn met relatief minder
happen, zou het kunnen zijn dat mensen hun wekkealiname onderschatten. Dit zou
kunnen leiden tot een hogere voedsel inname. Ifdstuk 6 onderzochten we het
cognitieve effect van hapgrootte op verzadigingelDemers aten onbeperkt met zowel
grote als kleine happen (aangestuurd via de pobgm®rna kregen ze de instructie om
zelf soepkommen te vullen met de hoeveelheid seepaldachtegegeten te hebben.
De deelnemers bleken hun soepconsumptie te onddteichals ze met grote happen
hadden gegeten. Dit was eveneens het geval alapdgdotte zelf bepaald werd door de
deelnemer. Eten met kleinere happen leidde nietdntonderschatting van de gegeten
de hoeveelheid voedsel, maar tot een niet-sigmifecaverschatting.

Conclusies

De experimenten beschreven in dit proefschriftnlatégen dat het consumeren van
voedsel met kleinere happen, met een langere jedoiur in de mond en met een
hogere smaakintensiteit leiden tot een lagere \@etsme. Deze effecten worden
mogelijk verklaard door de verhoogde sensoriscoetbtelling aan de smaak van het
voedsel in de mond. Consumptie met grotere hapgdhtbt een onderschatting van de
gegeten hoeveelheid, dit kan leiden tot overconsi@mpe voedingsindustrie zou deze
resultaten kunnen gebruiken om de verzadigingsd@iacan voedsel te verhogen om
de prevalentie van obesitas te verlagen.
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