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Abstract

:

Manipulating food properties and serving environment during a meal can significantly change food intake at group level. However, the evaluation of the usefulness of such manipulations requires an understanding of individual behavioural changes. Three studies were conducted to explore the effect of unit size and meal occasion on eating behaviour characteristics (food intake, meal duration, number of bites and chews). All studies used a randomised crossover design, with a one-week wash-out period, starting with a familiarisation meal, with the participation of healthy, normal weight females between the ages of 18–35 years. In Study 1 (n = 19) three cube sizes (0.5, 1.0 and 1.5 cm3) of vegetable hash and chicken were compared. In Study 2 (n = 18) mashed potatoes and mincemeat were compared to whole potatoes and meatballs. In Study 3 (n = 29) meals served at lunch time (11:00–13:00) were compared to identical meals served at dinner time (17:00–19:00). The largest food unit size lead to significantly increased meal duration in Study 2 (mean difference 0.9 min, 95% confidence interval (CI) 0.0–1.8), but not in Study 1 (mean difference 1 min, 95% CI 0.1–2.0). There was a significant increase in number of chews in the large unit size condition of both Study 1 (mean difference 88, 95% CI 12–158) and Study 2 (mean difference 95, 95% CI 12–179). Different serving occasions did not significantly change any of the eating behaviours measured. Except for number of bites in Study 2 (R2 = 0.60), most individuals maintained their eating behaviour relative to the group across unit sizes and serving occasions conditions (R2 > 0.75), which suggests single meal testing can provide information about the behavioural characteristics of individual eating styles under different conditions.
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1. Introduction


The food intake of humans appears in bursts at discrete time points called meals. In behavioural terms, food intake of single meals is the aggregate of a complex array of eating behaviours, such as bites, chews and pauses [1]. Until recently, methodological limitations caused these behaviours to almost exclusively be studied in laboratory settings [2], which are perceived as main meals (i.e., lunch, dinner) by the participants and may therefore only be relevant to these settings [3]. Currently, the majority of the published literature in this field focuses on the quantification of behavioural differences between differing groups of subjects. For example, existing studies point towards the different eating characteristics between lean and obese [4], male and female [5] and linear and decelerated groups [6]. Other studies use self-reported characteristics (e.g., restrained eating [7]) as grouping parameters, studying the eating behaviour response of these groups to a wide variety of food related cues (e.g., pre-loads [8], stress response [9] and perceived healthiness of the food [10], etc.). Fewer studies, however, focus on individual responses to experimental meal manipulations, often ignoring one of the most important outcomes of such research [11], especially when the study outcomes are considered important for the design of future behavioural interventions [12].



Reliability studies, using both solid and semi-solid food, have shown a high correlation of most eating behaviour parameters under identical conditions in normal weight individuals, which indicates a high relative reliability [6,13,14,15]. However, the inter-individual variability in these studies is usually large, with the standard deviation often exceeding half the size of the mean group value for most of the quantified eating behaviour characteristics. For example, in the study by Laessle & Geiermann, the standard deviation for food intake was >55% of the mean value [14] and in the study by Hubel et al., the standard deviation was >50% of the mean [13].



On a group level, manipulating food properties, the environment and even eating behaviour characteristics, have been shown to cause changes in food intake. For example, liquid foods [16,17], foods with high carbohydrate content [18] and palatable foods [19] appear to increase food intake compared to solid foods, foods rich in protein and bland foods, respectively. On the other hand, eating behaviour characteristics which reduce oral exposure time to the food, such as larger bite sizes [17], shorter oral processing [20,21] and higher eating rate also seem to increase food intake and result in lower satiation [15,22,23]. In turn, shorter oral exposure times have also been associated with obesity in both children [24] and adults [25], usually facilitated through reduced chewing and an overall faster eating rate during the meals.



Another parameter potentially affecting the progression of meals is the unit size of the served food, likely through the modification of the oral exposure time to the foods and increased chewing. For example, increasing the size of the food units seems to induce increased chewing for proper bolus formation [26], linking larger unit sizes to increased chewing across meals (and potentially increased oral processing time) therefore causing a consequent reduction in food intake across meals. On the other hand, manipulating food unit segmentation can also induce the so called “unit bias” leading subjects to consume a set number of food units [27], eventually increasing the overall intake during eating occasions, complicating the study of food unit effect on portion sizes [28]. For example, in a study where unit sizes were manipulated, omelettes, sandwich wraps and pizzas were served in customary food sized units (311, 193 and 555 g) and hors d’oeuvre sized units (13, 24 and 12 g) but no significant difference in food intake was observed [29]. Even though the understanding of the effects of food unit sizes on meals is lacking, it is a very important parameter for the design of realistic lifestyle behavioural interventions, as well as for the facilitation of effective preventive behavioural education in the future [30].



Another important factor for the future design of effective behavioural interventions is the timing of food intake during the day. Specifically, the timing of food intake across the day has been frequently indicated as an important factor influencing energy regulation [31] and consequently the risk of obesity development [32] and the potential effectiveness of weight-loss interventions [33]. While epidemiological studies indicate that the relative size of dinners, compared to lunches, are largely dependent on geographical and cultural criteria [34] (e.g., in Sweden, dinner is usually larger than lunch [35]), there are no controlled studies exploring potential eating behavioural differences caused by serving identical foods at different points of the day. This lack of basic knowledge is often a challenging factor for the design of interventions entailing personalised behavioural feedback during meals (e.g., [36]).



In our present work, our primary goal was to quantify the individual responses of participants from homogenous groups (healthy, normal weight, young adult women) to two external meal manipulations, in order to test the hypothesis that individuals maintain their specific eating characteristics, in relation to the group, despite potential group changes. This hypothesis is tested on two conditions—identical meals served using different food unit sizes and identical meals served at two different time points during a day—which were selected based on their central role in the design of future personalised behavioural interventions and the lack of concrete information about individual and group responses. Thus, normal weight adult females were recruited, with each individual participating in one out of three independent studies. In Study 1 and Study 2 participants were presented with identical food items with varying unit size at Swedish lunch time. In Study 3 participants were presented with identical meals served at different time points during the day (Swedish lunch- and dinner-time). The hypothesis was that although individuals may change their eating behaviour due to different food unit sizes and due to changes in serving occasion (lunch vs. dinner), they will maintain their eating behaviour in relation to other individuals inside the experimental group.




2. Materials and Methods


2.1. Experimental Design


Separate participants were recruited for each study and repeated measurements on the same individuals across different conditions were performed in every case. The recruitment process and inclusion criteria were identical across the studies. Pre-study power calculations were performed, identifying a minimum required sample size of 16 for detection of a relevant difference, with α = 0.05 and β = 0.80. Studies 1 and 2 were designed in order to test the eating behaviour changes across meals with similar food items differing in unit size. Study 3 was performed to test the effect of identical meals served during different times of the day (i.e., at lunch vs. at dinner). In all the studies, the participants were informed of the study protocols during an introductory informational session, followed by a familiarisation session, during which no data were recorded. Afterwards, control and test sessions followed a crossover design, with test sessions being randomised within each study. Each eating session was followed by a wash-out period of one week before the next session. The specific study protocols are discussed below and can be seen in Figure 1, Figure 2 and Figure 3.




2.2. Subjects


All participants were recruited by online and notice-board advertisements at Karolinska Institutet in Stockholm, Sweden. Since our studies are focused on individual responses inside homogenous groups of participants we only recruited healthy, normal-weight females (non-vegetarian, 18–35 years, body mass index (BMI) 18.5–27.0 kg/m2). Advertisement respondents attended a recruitment meeting where they were informed about the procedures and the potential risks of the specific protocol, prior to signing the informed consent. Participants were made aware that the studies entailed the collection of eating behaviour information during meals. However, the specific study outcomes (meal intake, duration and number of bites and chews) were not discussed in detail. Afterwards, their weight and height were measured using a BC-418 Segmental Body Composition Analyser (Tanita, Arlington Heights, IL, USA) and a wall mounted stadiometer (Seca, Hamburg, Germany), respectively. Cognitive control of eating (i.e., emotional, external and restrained) was measured using the Dutch Eating Behaviour Questionnaire (DEBQ). However, since the research question was maintenance of eating behaviour within the group, DEBQ results were not used as exclusion criteria. Subjects also completed a questionnaire related to their general health status, their smoking behaviour and potential pregnancies. Based on this, we excluded smokers, pregnant women, participants with previous eating disorder history and individuals who stated strong dislike for the study foods, as well as those having diseases or medications which may affect appetite and meal intake. In total, sixty-six healthy female subjects qualified for participation, with 19 participating in Study 1, 18 in Study 2 and 29 in Study 3. Since studies were not running in parallel, the participants were assigned to different studies based on their availability. The per-study recruitment was concluded once the sample size requirements were exceeded. No participant who initially declared interest for their participation in one of the studies was turned down if they fulfilled the inclusion criteria, accounting for eventual differences in the final sample sizes. There was no significant difference in group characteristics across studies (see Table 1). There were no drop-outs in any of the studies. All the presented protocols were approved by the Stockholm Regional Ethics Board (D.nr. 2012/219-31/5, 2014/535-31/3 and 2015/2003-31) and the research procedures were in accordance with the guidelines for human research in the Declaration of Helsinki.




2.3. Familiarisation and Control Meals


In all studies, the familiarisation and the control meals were identical and took place during typical Swedish lunch hours (11:00 to 13:00). The served food consisted of pre-cooked vegetable hash with chicken bits (referred to as Hash 1; Findus AB, Bjuv, Sweden), using food identical to that served in other studies [1,37]. The familiarisation meals were not analysed, as they served the purpose of introducing the participants to the research protocols. The control meals were used in order to perform group comparisons across different studies, in order to evaluate potential differences among the recruited samples. The control meals were not part of the primary analysis in Studies 1 and 2. In Study 3, the control meal (i.e., Lunch) was part of the planned crossover design, as it was compared with an identical meal served during another day as dinner. For macronutrient composition and energy density of all meals, see Table 2.




2.4. Unit Size (Study 1)


Study 1 investigated individual maintenance of eating behaviour ranked across food unit sizes. After familiarisation and control meals, the participants were served three test meals in consecutive sessions, across three weeks in a randomised fashion. The served food (referred to as Hash 2) of the test meals contained a fixed combination of carrots, zucchinis, parsnips, potatoes and chicken (Findus AB, Bjuv, Sweden). The ingredients for the meals were purchased and cooked in-house during a single cooking session. The vegetables and chicken were cut in different cube sizes using a food-dicer (Easy Chopper, Nemco, Hicksville, USA), namely: (i) small unit size (0.5 cm3; Small) (ii) medium unit size (1.0 cm3; Medium) and (iii) large unit size (1.5 cm3; Large), after which they were cooked. The prepared portions were frozen and were later served during the appropriate sessions. All the test meals were served during typical Swedish lunch times, between 11:00 and 13:00.




2.5. Unit Size (Study 2)


In Study 2, the aim was identical to that of Study 1, but the difference in unit size was larger. After the familiarisation meal the participants were served the control meal and two additional test meals in consecutive sessions across three weeks, in a randomised fashion. The served food (Meat & Potatoes) of the test meals contained a fixed combination of minced meat, potatoes and a tomato based sauce (Dolmio, Mars Inc., Mc Lean, VA, USA). For one of the test meals (Small), the minced meat was kept as is and the potatoes mashed to a purée using a food processor. For the other test meal (Large), the minced meat was shaped into meatballs and the potatoes were kept whole. Again, all the materials were prepared and cooked in a single occasion in-house, then frozen and later served during the appropriate sessions. All the test meals were served during typical Swedish lunch times, between 11:00 and 13:00.




2.6. Serving Occasion (Study 3)


Study 3 investigated individual maintenance of eating behaviour rank across food serving occasions. In all cases, we served Hash 1, identical with the familiarisation and control meals of Studies 1 and 2. After the familiarisation meal, the participants ate the same food for lunch (Lunch; between 11:00 and 13:00) or for dinner (Dinner; between 17:00 and 19:00), in consecutive sessions across two weeks in a randomised fashion. Excluding the serving occasion of the meals, the session procedures were identical.




2.7. Session Procedure


Participants were instructed to refrain from moderate and vigorous physical activity 24 hours before each session and to have their breakfast three hours before each session (with the exception of Study 3; Dinner). Before control and test sessions, participants were supposed to eat the same food for breakfast as the one they reported having eaten before the familiarisation session. Participants were reminded of the session preparations via text message 9:00 the day before each control and test session. The day before the Dinner of Study 3 the message also contained suggestions of what to have for lunch. All the test sessions initiated with weighing of the subjects, after which they were taken to the meal laboratory. There the subjects were presented with the appropriate meal in a ceramic tray next to the plate and were asked to fill in a meal-related questionnaire. In Study 2, the tomato-based sauce was presented in a small transparent bowl. Upon completing the questionnaire subjects were informed that they were allowed to eat as much as they wanted for as long as they wanted and add new food to the plate at any time (Ad libitum). They also received information that they were free to leave leftovers on the plate and that they should refrain from doing anything else (e.g., listening to music, using their mobile phones etc.) while in the room. After these instructions, the meal was initiated. Once the participants finished their meal, they completed a similar meal-related questionnaire and the session was over.




2.8. Meal Preparation


The day before each session, 1200 g of the appropriate food was moved from the freezer to the refrigerator to thaw. One hour before each scheduled session, a ceramic tray containing the food was placed in an oven at 125 °C. The tray was covered in tinfoil to prevent water evaporation and the food stirred every 20 min to ensure an even temperature. Ten minutes prior to the initiation of the meal the oven was turned down to 70 °C, to ensure the food was an appropriate temperature when served.




2.9. Devices


To provide recordings of the weight of food on the plate, a device called the Mandometer® version 4 (Mikrodidakt, Lund, Sweden) was used. The Mandometer® is a portable weighing scale linked to a small computer. The device is used by putting a plate on the scale and then adding food to the plate. The device records weight reduction over time at a sampling rate of 1 Hz, providing raw weight data series in XML format.



In parallel, the meals were videotaped using a digital camcorder (Samsung, Suwon, South Korea). The camcorder was placed 1.5 m away from the subject, angled to capture both activity from the plate and the jaw movements of the subject during chewing.




2.10. Questionnaires


The meal-related questionnaires were presented pre- and post-meal. The pre-meal questionnaire started with a free-text question asking participants to recall their food intake since breakfast (or lunch in the case of Study 3; Dinner) until the initiation of the current study session. The remaining questions prompted participants to rate their hunger and desire to eat on modified 100 mm Visual Analogue Scales (VAS), with five-word descriptors placed along the scale (ranging from “Not at all” to “Extremely”), similar to magnitude scales [38]. The post-meal questionnaire prompted participants to rate their hunger, desire to eat and food liking on similar scales. In our studies, the answers to the meal-related questionnaires were not regarded as outcome variables. Instead, they were used to identify inconsistencies in appetite or the quality and presentation of the food. No meals were excluded based on the collected questionnaire answers.




2.11. Data Handling


The video and Mandometer® data were manually transferred to a PC after each session. The meal videos were annotated, using The Observer® XT v12.5 (Noldus Information Technology, Wageningen, the Netherlands), marking six time-stamp events; meal start, meal stop, spoonful, addition, bite and chew, creating one behavioural event log for each eating session. Additionally, the Mandometer® file for each session was analysed only in regards to the cumulative weight changes across the meal, by comparing the initial and the last weight of an individual’s food on the plate, together with in-meal weight changes due to food additions. The output of this analysis is a detailed description of each meal including information about total duration and amount of food consumed, together with detailed information for the occurrence of bites and chews across the session. The data handling procedures followed previously used methods [1,37], focusing on cumulative weight analysis across the meals.




2.12. Statistical Analysis


The presented statistical analyses were done using R 3.2.3 [39]. For box plots the default limit for outliers was used (   1.58 × inter-quartile   range /  n    ) described by McGill et al. [40]. Outlier values were not excluded from any of the statistical analyses. A Shapiro-Wilk test and visual inspection of a Q-Q plot and residual vs fitted value plot was made for each outcome variable to ensure the assumption of normality was fulfilled. Food intake, meal duration and number of bites across studies all passed the test for normality and appeared normally distributed upon visual inspection. In Study 1, group comparisons of both eating behaviour characteristics and subjective scores among Small, Medium and Large conditions were performed using a linear mixed effects model, due to its advantages over traditional repeated measures data analytics approaches [41]. The linear mixed effects model tests was performed using the lme function of the nlme package [42], followed by a post-hoc Tukey test, to compare the difference between conditions. The test used untransformed values, with session type as fixed effect and the subjects as random effect, with random intercept and fixed slope. In Studies 2 and 3, both eating behaviour characteristics and subjective scores between conditions were compared on a group level using dependent T-tests. The maintenance of individual eating characteristics across conditions in all the studies were evaluated using Pearson correlations, with medium, high and very high thresholds set at R2 ≥ 0.50, 0.75 and 0.90, respectively [43,44]. The significance threshold of all statistical tests was set at 0.05 and all the values presented in the text are mean (SD), unless otherwise specified. For exact values on mean difference, standard deviation difference, confidence intervals and p-values between conditions, see supplementary material “Tables”.





3. Results


3.1. Food Intake and Meal Duration of Control Meals


Figure 4 shows the food intake and the meal duration characteristics of the control meal in all the studies. These meals were used for comparison across studies, since the meal serving occasion and the food type was identical.




3.2. Eating Behaviour Characteristics of Test Meals


Table 3 gives an overview of group mean and standard deviation of eating behaviour characteristics in each test meal across studies.




3.3. Food Intake


There were no significant differences in food intake across conditions in any of the studies (Table 3 and Figure 5a). The highest mean difference between conditions was 9 g (<5% of mean intake) between the Small and Large condition in Study 1. There was no significant difference in food intake between the Small condition in Study 1 and the Medium and Large condition (p = 0.950 and p = 0.900, respectively), nor was there a significant difference between conditions in Study 2 and 3 (p = 0.562 and p = 0.819, respectively).



Food intake was highly correlated between all conditions studied (Figure 5b). The correlation of food intake between the Small and Large condition of Study 1 was very high (R2 = 0.90). Meanwhile the correlation between Small and Medium condition of Study 1, as well as between conditions in Studies 2 and 3 were all above the threshold set for high correlation (R2 = 0.78, R2 = 0.81 and R2 = 0.79, respectively).




3.4. Meal Duration


In Study 1 (Table 3 and Figure 6a), there was no significant difference in meal duration between the Small condition and the Medium and Large conditions (p = 0.804 and p = 0.107, respectively). In Study 2, the meal duration in the Large condition was significantly longer than in the Small condition (p = 0.046). In Study 3, the mean difference between conditions was very small (0.1 min) and there was no significant difference between conditions (p = 0.651).



Meal duration was highly correlated between all conditions studied (Figure 6b).The meal duration of the Small and Large condition in Study 2 and the Lunch and Dinner condition of Study 3 were very highly correlated (R2 = 0.98 and R2 = 0.90, respectively). Meanwhile, the correlation of the Small condition in Study 1 and both the Medium and Large condition was high (R2 = 0.81 and R2 = 0.82, respectively).




3.5. Bites


There was no significant difference across conditions in the number of bites in any of the studies (Table 3 and Figure 7a). There was no significant difference in number of bites for Small condition in Study 1 in comparison to the Medium and Large condition (p = 0.999 and p = 0.132, respectively), nor was there a significant difference between conditions in Studies 2 and 3 (p = 0.918 and p = 0.766, respectively).



The number of bites in the Small of Study 1 and the Medium and Large condition, as well as the Lunch and Dinner condition in Study 3 were all highly correlated (R2 = 0.85, R2 = 0.76 and R2 = 0.86, respectively). However, the correlation between Small and Large in Study 2 was only moderate (R2 = 0.60).




3.6. Chews


In Study 1 (Table 3 and Figure 8a), there was no significant difference in number of chews between the Small and Medium condition (p = 0.120), but the number of chews was significantly higher in the Large condition (p = 0.018) compared to Small. Similarly, the number of chews in the Large condition of Study 2 was significantly higher than in the Small condition (p = 0.027). In addition, there was no significant difference in number of chews between Lunch and Dinner in Study 3 (p = 0.799).



Number of chews was highly correlated between all the conditions in all the studies (Figure 8b). The number of chews in the Small and Large condition in Study 2 and Lunch and Dinner in Study 3 were both very highly correlated (R2 = 0.94 and R2 = 0.91, respectively). The correlation between the Small condition of Study 1 and the Medium and Large condition were highly correlated (R2 = 0.78 and R2 = 0.80, respectively).




3.7. Subjective Scores


Table 4 shows VAS ratings of the repeated questions in the meal-related questionnaires. Within study comparison across conditions revealed no significant difference in hunger or desire to eat before the study meals. Moreover, no significant difference in hunger, desire to eat or food liking after the meals was observed. Both hunger and desire to eat were significantly higher before, compared with after the meals in all conditions (for p-values see supplementary material “Tables”).





4. Discussion


Individuals appear to maintain their eating behaviour when eating similar meals under similar conditions on multiple occasions [6,13,14,15]. At the same time, changes in food properties and the environment are known to induce eating behaviour changes on a group level [18,45,46]. Usually, the aim of studies analysing eating behaviour during meals is to support prevention or intervention strategies leading to a reduction of meal intake, with the long-term goal of weight maintenance or restoration [45,46]. However, the individual eating styles of single participants are usually not considered, potentially limiting the usefulness of the reported results when considered in the setting of personalised interventions, due to high within group variability [47].



The current study examined the behavioural responses of individuals, belonging to a homogenous participant group, when the served food unit size and the time point of the meal serving (lunch vs. dinner) were experimentally manipulated. In brief, we hypothesized that although eating behaviour characteristics may be altered as a result of changes in food unit size and serving occasion, individuals will maintain their eating behaviour characteristics relative to the group, pointing towards the existence of individual eating styles. For example, individuals who display a high number of chews under one condition will do so under other conditions and people eating their meals fast in comparison to their peers will remain “fast eaters” despite the overall observed changes in the group behaviour.



On a group level, changing the unit sizes did not significantly affect the food intake in any of the presented studies. However, there appears to be a trend of increased unit sizes resulting in longer meals, with the largest experimentally imposed difference in unit size, i.e., that between the Small and Large condition in Study 2, causing significant meal elongation. Since food intake and number of bites remained stable when food unit size was increased, the observed increase in meal duration in Study 1 and Study 2 (12% and 11% increase, respectively) seems to be mediated by an increase in number of chews of the meal (17% and 20% increase, respectively). Meanwhile, lunches and dinners (Study 3) did not appear to differ in respect to food intake, meal duration, number of chews and number of bites.



In line with the current report, a previous study reducing the unit size of omelettes, sandwiches and pizzas to less than 1/8 of their customary size, did not cause significant changes in food intake [29]. Similarly, in another study [48], larger units of cucumbers did not elicit increased vegetable intake in children. Contrary to our findings, some past studies observed smaller unit sizes mediating a reduction of total food intake, a phenomenon attributed to the “unit-bias” [27]. For example, in a study reporting serving of chocolate in different unit sizes, normal-weight participants consumed significantly more chocolate when it was served in larger units, with the authors attributing the effect to increased perceived impulsivity of ingesting many units of palatable foods [49]. However, in a more recent study serving cookies, the total food intake of normal-weight females was significantly increased when served larger cookies, with authors attributing the variations in intake on a "segmentation effect" rather than "unit-bias" [28]. In a study where stick-type biscuits were served to participants, increasing the diameter size resulted in a reduced number of bites per gram [50]. This effect may account for some of the discrepancy between unit size studies and illustrate the importance of measuring the number of bites and number of chews in these settings. Additionally, most of the studies in this field only served snack-related food items, and the effect of different unit sizes were not examined across full meals [27,28,48,49,50]. To our knowledge, no studies have investigated the effect of unit size on meal duration, number of bites or number of chews in ad libitum meals.



Regarding group effects on number of chews, several studies have shown that experimentally increasing the number of chews per bite, which can also be regarded as an increase in oral processing time, can lead to an increased meal duration [22,23], which is in line with our findings. The most common way of exploring the effect of chewing and oral processing on intake has been to either instruct participants to adjust their chew frequency, bite sizes etc., or by modifying model foods, changing factors such as texture, hardness and viscosity. For example, in one study model food gels with increased hardness resulted in an increased number of chews (150%) and reduced food intake (29.2%) [51]. More recently unmodified everyday foods have been studied to see if these effects are generalizable. For example, when participants ingested meals with foods that elicited longer oral processing times, they reduced their food intake by 21% [20]. Unlike those studies, in our report, the increased chewing did not result in reduced intake per meal, potentially due to moderate changes in food unit sizes.



In the past, individual timing patterns of food ingestion during a day and their association with the development of obesity have received some attention [31,32], with increased energy intake during the latter parts of the daily cycle interacting with the effects of weight-loss interventions [33]. In practise, information about baseline differences in meal mechanics across the daily cycle is valuable for any intervention which entails behavioural meal advice [37], since baseline eating characteristics should be taken in consideration both in the individualised analysis of eating styles and in the design of personalised eating schedules. However, we are unaware of other studies examining baseline differences across different serving times of the day. Based on our results, it seems that both on a group and on an individual level, the timing of the meals does not affect behaviours during the meals when the meal conditions remain identical. Thus, previously reported epidemiological differences between lunches and dinners [35] can probably be attributed to habitual training [34] and to environmental parameters which affect meals across the day asymmetrically (e.g., [52]).



In regards to the main hypothesis of the current report, on an individual level, the high correlation coefficients across the quantified eating behaviour characteristics indicate maintenance of individual meal behaviours across all conditions, compared to the groups. This seems to be the case for all the quantified parameters and across all the tested conditions, irrespective of mean group changes. Thus, participants who “eat a lot”/“chew a lot”/“eat quickly”/“take many bites” in comparison to their peers in one condition, are likely to do so in other conditions too, no matter if the total behaviour of the group changes or not. However, individual responses differ somewhat in the case of number of bites taken in the meals of Study 2, with the correlations between Small and Large conditions being lower compared to Studies 1 and 3. This can potentially be explained by Study 2 being the only study where food unit sizes in the Large condition were big enough to affect individual food handling (i.e., different practices of cutting the food on the plate), which were not controlled for.



In a past study four identical, repeated meals were served to normal-weight, healthy adults, with the tested individuals strongly maintaining their meal characteristics (all correlation coefficients were >0.75). Individuals also maintained their eating behaviour when the served foods differed in regards to energy density and texture among meals, albeit to a lower degree (e.g., food intake correlation was reduced) [15]. Similarly, in the past, we have also reported that normal-weight young adult women maintain their behaviours across identical solid meals (e.g., 0.88 correlation coefficient for food intake across three identical meals) [6], with the outcome repeated in a later study serving semi-solid foods in a controlled environment [14]. These reports (among others [13,53]), support the hypothesis that individuals eating the same food under similar conditions display stable eating behaviours. To our knowledge, no other studies report the maintenance of eating style characteristics when the food unit size (but not food energy density) and meal serving occasion are manipulated.



The results of the present study should be considered with caution when investigating similar effects in real-life settings due to the controlled nature of our protocol. For example, meals in our studies were consumed in a setting lacking the social aspect often present during meals in the real life-setting; between 35% and 40% of main meals in the Nordic countries are consumed in privacy [54]. In addition, our studies only examined the behaviours in healthy, normal-weight young adult women. Future studies would be required to examine if the outcomes remain similar across individuals of different BMIs, different ages and different genders. Additionally, the outcomes of our study might differ across different types of food, especially if more palatable or “indulgent” food items are introduced into the experimental protocol. Finally, the reader should note the potential introduction of behavioural bias due to the information presented to the participants [55], even if a conscious effort not to discuss the specific outcome variables of our studies was made. The main strengths of the studies were that many confounding covariates were controlled through the deployment of a random cross-over design, narrow inclusion criteria, a strict study protocol, a familiarisation meal, a control meal and objective data collection methods.



In summary, our current findings provide evidence that food manipulations which result in an increased number of chews and meal duration do not necessarily lead to a reduced food intake on a group level. Additionally, the present results point towards the persistence of individual behavioural eating characteristics (e.g., “slow eating”, “chewing a lot”, “taking many bites” etc.), despite changes in the food unit sizes and the timing of meals. Clarifying the role of food unit sizes in meals, especially on the level of individual behavioural responses is an important factor for the development of effective screening protocols for the identification of individuals at risk of developing obesity [56], for the realistic design of meal-based behavioural interventions [36] and for the optimisation of preventive behavioural education [30]. For the very same reasons, identifying the baseline behavioural effects of meal timing during the day is important in the development of effective weight-loss interventions based on meal scheduling [31,32]. To achieve the above goals however, additional studies investigating the validity of our outcomes for individuals of different BMIs and ages is required. Future studies should also accommodate individual response analyses methodologies, such as the ones proposed by Hecksteden et al. [57], potentially incorporating repeated measures per individual in all the tested conditions.




5. Conclusions


This study provides evidence that big increases in food unit size can lead to meal elongation by increasing the number of chews per meal, but does not always affect the total intake or the number of bites across the meal. Furthermore, identical meals served at different points during the day do not significantly change any of the eating behaviour characteristics on a group level.



More importantly, this report also presents evidence that individuals maintain their eating behaviour relative to their peers when meals are manipulated in regards to food unit sizes or they are served at different points during the day, in controlled environments.








Supplementary Materials


The following are available online at http://www.mdpi.com/2072-6643/10/7/880/s1, Table S1: Group characteristics for the three studies; Table S2: Macronutrient composition of foods served; Table S3: Eating behaviour characteristics of control meals (all studies)—Group characteristics for the three studies; Table S4: Eating behaviour characteristics in all studies; Table S5: Difference in eating behaviour characteristics between conditions in Study 1; Table S6: Difference in eating behaviour characteristics between conditions in Study 2; Table S7: Difference in eating behaviour characteristics between conditions in Study 3; Table S8: Pearson correlation coefficient (R2) of meal duration, food intake, bites and chews in all studies; Table S9: Before and after meal questions in all studies; Table S10: Difference in before and after meal ratings between conditions in Study 1; Table S11: Difference in before and after meal ratings between conditions in Study 2; Table S12: Difference in before and after meal ratings between conditions in Study 3; Table S13: Research data.





Author Contributions


Conceptualization, B.L. and I.I.; Methodology, B.L. and I.I.; Formal Analysis, B.L., P.F. and I.I.; Investigation, B.L., M.T.B., D.O. and P.F.; Resources, I.I.; Data Curation, M.T.B., D.O. and B.L.; Writing-Original Draft Preparation, B.L. and I.I.; Writing-Review and Editing, B.L., M.T.B., D.O., P.F. and I.I.; Visualization, B.L. and P.F.; Supervision, B.L. and I.I.; Project Administration, B.L. and I.I.; Funding Acquisition, I.I.




Funding


The work leading to these results received funding from the European Community's ICT Programme under Grant Agreement No. 610746.




Conflicts of Interest


I have read the journal's policy and the authors of this manuscript have the following competing interests: During the study L.B., T.B.M. and I.I. received part of their salaries from Mandometer AB (Stockholm, Sweden), owner of the IPR for the Mandometer®. This does not alter the Authors’ adherence to journal policies. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the decision to publish the results.




References


	



Ioakimidis, I.; Zandian, M.; Eriksson-Marklund, L.; Bergh, C.; Grigoriadis, A.; Södersten, P. Description of chewing and food intake over the course of a meal. Physiol. Behav. 2011, 104, 761–769. [Google Scholar] [CrossRef] [PubMed]

	



Fontana, J.M.; Farooq, M.; Sazonov, E. Automatic ingestion monitor: A novel wearable device for monitoring of ingestive behavior. IEEE Trans. Biomed. Eng. 2014, 61, 1772–1779. [Google Scholar] [CrossRef] [PubMed]

	



Hess, J.M.; Jonnalagadda, S.S.; Slavin, J.L. What is a snack, why do we snack, and how can we choose better snacks? A review of the definitions of snacking, motivations to snack, contributions to dietary intake, and recommendations for improvement. Adv. Nutr. 2016, 7, 466–475. [Google Scholar] [CrossRef] [PubMed]

	



Vernarelli, J.A.; Mitchell, D.C.; Rolls, B.J.; Hartman, T.J. Dietary energy density and obesity: How consumption patterns differ by body weight status. Eur. J. Nutr. 2018, 57, 351–361. [Google Scholar] [CrossRef] [PubMed]

	



Langlet, B.; Anvret, A.; Maramis, C.; Moulos, I.; Papapanagiotou, V.; Diou, C.; Lekka, E.; Heimeier, R.; Delopoulos, A.; Ioakimidis, I. Objective measures of eating behaviour in a Swedish high school. Behav. Inf. Technol. 2017, 36, 1005–1013. [Google Scholar] [CrossRef]

	



Zandian, M.; Ioakimidis, I.; Bergh, C.; Brodin, U.; Södersten, P. Decelerated and linear eaters: Effect of eating rate on food intake and satiety. Physiol. Behav. 2009, 96, 270–275. [Google Scholar] [CrossRef] [PubMed]

	



Mills, J.S.; Weinheimer, L.; Polivy, J.; Herman, C.P. Are there different types of dieters? A review of personality and dietary restraint. Appetite 2018, 125, 380–400. [Google Scholar] [CrossRef] [PubMed]

	



Timko, C.A.; Juarascio, A.; Chowansky, A. The effect of a pre-load experiment on subsequent food consumption. Caloric and macronutrient intake in the days following a pre-load manipulation. Appetite 2012, 58, 747–753. [Google Scholar] [CrossRef] [PubMed]

	



Wallis, D.J.; Hetherington, M.M. Emotions and eating. Self-reported and experimentally induced changes in food intake under stress. Appetite 2009, 52, 355–362. [Google Scholar] [CrossRef] [PubMed]

	



Provencher, V.; Polivy, J.; Herman, C.P. Perceived healthiness of food. If it’s healthy, you can eat more! Appetite 2009, 52, 340–344. [Google Scholar] [CrossRef] [PubMed]

	



Hopkins, W.G. Individual responses made easy. J. Appl. Physiol. 2015, 118, 1444–1446. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Schork, N.J.; Goetz, L.H. Single-subject studies in translational nutrition research. Annu. Rev. Nutr. 2017, 37, 395–422. [Google Scholar] [CrossRef] [PubMed]

	



Hubel, R.; Laessle, R.G.; Lehrke, S.; Jass, J. Laboratory measurement of cumulative food intake in humans: Results on reliability. Appetite 2006, 46, 57–62. [Google Scholar] [CrossRef] [PubMed]

	



Laessle, R.; Geiermann, L. Reliability of laboratory measurement of human food intake. Appetite 2012, 58, 249–251. [Google Scholar] [CrossRef] [PubMed]

	



McCrickerd, K.; Forde, C.G. Consistency of eating rate, oral processing behaviours and energy intake across weals. Nutrients 2017, 9, 891. [Google Scholar] [CrossRef] [PubMed]

	



De Graaf, C. Why liquid energy results in overconsumption. Proc. Nutr. Soc. 2011, 70, 162–170. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



De Wijk, R.A.; Zijlstra, N.; Mars, M.; de Graaf, C.; Prinz, J.F. The effects of food viscosity on bite size, bite effort and food intake. Physiol. Behav. 2008, 95, 527–532. [Google Scholar] [CrossRef] [PubMed]

	



Brennan, I.M.; Luscombe-Marsh, N.D.; Seimon, R.V.; Otto, B.; Horowitz, M.; Wishart, J.M.; Feinle-Bisset, C. Effects of fat, protein, and carbohydrate and protein load on appetite, plasma cholecystokinin, peptide YY, and ghrelin, and energy intake in lean and obese men. Am. J. Physiol. Gastrointest. Liver Physiol. 2012, 303, G129–G140. [Google Scholar] [CrossRef] [PubMed]

	



Westerterp-Plantenga, M.S. Eating behavior in humans, characterized by cumulative food intake curves—A review. Neurosci. Biobehav. Rev. 2000, 24, 239–248. [Google Scholar] [CrossRef]

	



Ferriday, D.; Bosworth, M.L.; Godinot, N.; Martin, N.; Forde, C.G.; Van Den Heuvel, E.; Appleton, S.L.; Mercer Moss, F.J.; Rogers, P.J.; Brunstrom, J.M. Variation in the oral processing of everyday meals is associated with fullness and meal size; a potential nudge to reduce energy intake? Nutrients 2016, 8, 315. [Google Scholar] [CrossRef] [PubMed]

	



Zijlstra, N.; de Wijk, R.A.; Mars, M.; Stafleu, A.; de Graaf, C. Effect of bite size and oral processing time of a semisolid food on satiation. Am. J. Clin. Nutr. 2009, 90, 269–275. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Robinson, E.; Almiron-Roig, E.; Rutters, F.; de Graaf, C.; Forde, C.G.; Smith, C.T.; Nolan, S.J.; Jebb, S.A. A systematic review and meta-analysis examining the effect of eating rate on energy intake and hunger. Am. J. Clin. Nutr. 2014, 100, 123–151. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Miquel-Kergoat, S.; Azais-Braesco, V.; Burton-Freeman, B.; Hetherington, M.M. Effects of chewing on appetite, food intake and gut hormones: A systematic review and meta-analysis. Physiol. Behav. 2015, 151, 88–96. [Google Scholar] [CrossRef] [PubMed]

	



Fogel, A.; Goh, A.T.; Fries, L.R.; Sadananthan, S.A.; Velan, S.S.; Michael, N.; Tint, M.T.; Fortier, M.V.; Chan, M.J.; Toh, J.Y.; et al. A description of an “obesogenic” eating style that promotes higher energy intake and is associated with greater adiposity in 4.5 year-old children: Results from the GUSTO cohort. Physiol. Behav. 2017, 176, 107–116. [Google Scholar] [CrossRef] [PubMed]

	



Zhu, Y.; Hollis, J.H. Relationship between chewing behavior and body weight status in fully dentate healthy adults. Int. J. Food Sci. Nutr. 2015, 66, 135–139. [Google Scholar] [CrossRef] [PubMed]

	



Peyron, M.-A.; Mishellany, A.; Woda, A. particle size distribution of food boluses after mastication of six natural foods. J. Dent. Res. 2004, 83, 578–582. [Google Scholar] [CrossRef] [PubMed]

	



Geier, A.B.; Rozin, P.; Doros, G. Unit bias: A new heuristic that helps explain the effect of portion size on food intake. Psychol. Sci. 2006, 17, 521–525. [Google Scholar] [CrossRef] [PubMed]

	



Kerameas, K.; Vartanian, L.R.; Herman, C.P.; Polivy, J. The effect of portion size and unit size on food intake: Unit bias or segmentation effect? Am. Psychol. Assoc. 2015, 34, 670–676. [Google Scholar] [CrossRef] [PubMed]

	



Devitt, A.A.; Mattes, R.D. Effects of food unit size and energy density on intake in humans. Appetite 2004, 42, 213–220. [Google Scholar] [CrossRef] [PubMed]

	



Bucher, T.; Rollo, M.E.; Smith, S.P.; Dean, M.; Brown, H.; Sun, M.; Collins, C. Position paper on the need for portion-size education and a standardised unit of measurement. Health Promot. J. Aust. Off. J. Aust. Assoc. Health Promot. Prof. 2017, 28, 260–263. [Google Scholar] [CrossRef] [PubMed]

	



Garaulet, M.; Gómez-Abellán, P. Timing of food intake and obesity: A novel association. Physiol. Behav. 2014, 134, 44–50. [Google Scholar] [CrossRef] [PubMed]

	



Wang, J.B.; Patterson, R.E.; Ang, A.; Emond, J.A.; Shetty, N.; Arab, L. Timing of energy intake during the day is associated with the risk of obesity in adults. J. Hum. Nutr. Diet. Off. J. Br. Diet. Assoc. 2014, 27 (Suppl. 2), 255–262. [Google Scholar] [CrossRef] [PubMed]

	



Jakubowicz, D.; Barnea, M.; Wainstein, J.; Froy, O. High caloric intake at breakfast vs. dinner differentially influences weight loss of overweight and obese women. Obes. 2013, 21, 2504–2512. [Google Scholar] [CrossRef] [PubMed]

	



Almoosawi, S.; Vingeliene, S.; Karagounis, L.G.; Pot, G.K. Chrono-nutrition: A review of current evidence from observational studies on global trends in time-of-day of energy intake and its association with obesity. Proc. Nutr. Soc. 2016, 75, 487–500. [Google Scholar] [CrossRef] [PubMed]

	



Sjöberg, A.; Hallberg, L.; Höglund, D.; Hulthén, L. Meal pattern, food choice, nutrient intake and lifestyle factors in The Göteborg Adolescence Study. Eur. J. Clin. Nutr. 2003, 57, 1569–1578. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Zandian, M.; Bergh, C.; Ioakimidis, I.; Esfandiari, M.; Shield, J.; Lightman, S.; Leon, M.; Södersten, P. Control of body weight by eating behavior in children. Front. Pediatr. 2015, 3. [Google Scholar] [CrossRef] [PubMed]

	



Ioakimidis, I.; Zandian, M.; Ulbl, F.; Åhlund, C.; Bergh, C.; Södersten, P. Food intake and chewing in women. Neurocomputing 2012, 84, 31–38. [Google Scholar] [CrossRef]

	



Green, B.G.; Shaffer, G.S.; Gilmore, M.M. Derivation and evaluation of a semantic scale of oral sensation magnitude with apparent ratio properties. Chem. Senses 1993, 18, 683–702. [Google Scholar] [CrossRef]

	



R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria, 2015; ISBN 3-900051-07-0. [Google Scholar]

	



McGill, R.; Tukey, J.W.; Larsen, W.A. Variations of box plots. Am. Stat. 1978, 32, 12–16. [Google Scholar] [CrossRef]

	



Hesser, H. Modeling individual differences in randomized experiments using growth models: Recommendations for design, statistical analysis and reporting of results of internet interventions. Internet Interv. 2015, 2, 110–120. [Google Scholar] [CrossRef]

	



Lindstrom, M.J.; Bates, D.M. Newton-raphson and EM algorithms for linear mixed-effects models for repeated-measures data. J. Am. Stat. Assoc. 1988, 83, 1014–1022. [Google Scholar] [CrossRef]

	



Mukaka, M.M. Statistics corner: A guide to appropriate use of correlation coefficient in medical research. Malawi Med. J. J. Med. Assoc. Malawi 2012, 24, 69–71. [Google Scholar]

	



Zou, K.H.; Tuncali, K.; Silverman, S.G. Correlation and simple linear regression. Radiology 2003, 227, 617–622. [Google Scholar] [CrossRef] [PubMed]

	



Stroebele, N.; De Castro, J.M. Effect of ambience on food intake and food choice. Nutrition 2004, 20, 821–838. [Google Scholar] [CrossRef] [PubMed]

	



Wansink, B. Environmental factors that increase the food intake and consumption volume of unknowing consumers. Annu. Rev. Nutr. 2004, 24, 455–479. [Google Scholar] [CrossRef] [PubMed]

	



Whatnall, M.C.; Patterson, A.J.; Ashton, L.M.; Hutchesson, M.J. Effectiveness of brief nutrition interventions on dietary behaviours in adults: A systematic review. Appetite 2018, 120, 335–347. [Google Scholar] [CrossRef] [PubMed]

	



Van Kleef, E.; Bruggers, I.; de Vet, E. Encouraging vegetable intake as a snack among children: The influence of portion and unit size. Public Health Nutr. 2015, 18, 2736–2741. [Google Scholar] [CrossRef] [PubMed]

	



Van Kleef, E.; Kavvouris, C.; van Trijp, H.C.M. The unit size effect of indulgent food: How eating smaller sized items signals impulsivity and makes consumers eat less. Psychol. Health 2014, 29, 1081–1103. [Google Scholar] [CrossRef] [PubMed]

	



Shiozawa, K.; Ohnuki, Y.; Mototani, Y.; Umeki, D.; Ito, A.; Saeki, Y.; Hanada, N.; Okumura, S. Effects of food diameter on bite size per mouthful and chewing behavior. J. Physiol. Sci. JPS 2016, 66, 93–98. [Google Scholar] [CrossRef] [PubMed]

	



Lasschuijt, M.P.; Mars, M.; Stieger, M.; Miquel-Kergoat, S.; de Graaf, C.; Smeets, P. Comparison of oro-sensory exposure duration and intensity manipulations on satiation. Physiol. Behav. 2017, 176, 76–83. [Google Scholar] [CrossRef] [PubMed]

	



Hetherington, M.M.; Anderson, A.S.; Norton, G.N.M.; Newson, L. Situational effects on meal intake: A comparison of eating alone and eating with others. Physiol. Behav. 2006, 88, 498–505. [Google Scholar] [CrossRef] [PubMed]

	



Barkeling, B.; Rössner, S.; Sjöberg, A. Methodological studies on single meal food intake characteristics in normal weight and obese men and women. Int. J. Obes. 1995, 19, 284–290. [Google Scholar]

	



Holm, L.; Lauridsen, D.; Lund, T.B.; Gronow, J.; Niva, M.; Mäkelä, J. Changes in the social context and conduct of eating in four Nordic countries between 1997 and 2012. Appetite 2016, 103, 358–368. [Google Scholar] [CrossRef] [PubMed]

	



Robinson, E.; Bevelander, K.E.; Field, M.; Jones, A. Methodological and reporting quality in laboratory studies of human eating behavior. Appetite 2018, 125, 486–491. [Google Scholar] [CrossRef] [PubMed]

	



Maramis, C.; Diou, C.; Ioakeimidis, I.; Lekka, I.; Dudnik, G.; Mars, M.; van den Boer, J.H.W.; Maglaveras, N.; Bergh, C.; Delopoulos, A. Preventing obesity and eating disorders through behavioural modifications: The SPLENDID vision. Appetite 2016, 101, 234. [Google Scholar] [CrossRef]

	



Hecksteden, A.; Kraushaar, J.; Scharhag-Rosenberger, F.; Theisen, D.; Senn, S.; Meyer, T. Individual response to exercise training—A statistical perspective. J. Appl. Physiol. Bethesda Md 1985 2015, 118, 1450–1459. [Google Scholar] [CrossRef] [PubMed]








[image: Nutrients 10 00880 g001 550] 





Figure 1. Protocol for Study 1, with images of the foods used for each meal session. 
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Figure 2. Protocol for Study 2, with images of the foods used for each meal session (the tomato sauce served in the meat & potatoes meal is not displayed in the picture). 
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Figure 3. Protocol for Study 3, with images of the foods used for each meal session. 
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Figure 4. Box plot of food intake and meal duration of the control meals (outliers excluded from the figure). 
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Figure 5. (a) Forest plot with mean difference and confidence intervals of food intake between conditions in each study; (b) Scatter plot with food intake with the Small condition of Studies 1 and 2 and Lunch of Study 3 on the x-axis compared to other condition on the y-axis (see legend). 
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Figure 6. (a) Forest plot with mean difference and confidence intervals of meal duration between conditions in each study; (b) Scatter plot with meal duration with the Small condition of Studies 1 and 2 and Lunch of Study 3 on the x-axis compared to other condition on the y-axis (see legend). 






Figure 6. (a) Forest plot with mean difference and confidence intervals of meal duration between conditions in each study; (b) Scatter plot with meal duration with the Small condition of Studies 1 and 2 and Lunch of Study 3 on the x-axis compared to other condition on the y-axis (see legend).
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Figure 7. (a) Forest plot with mean difference and confidence intervals of number of bites between conditions in each study; (b) Scatter plot with number of bites with the Small condition of Studies 1 and 2 and Lunch of Study 3 on the x-axis compared to other condition on the y-axis (see legend). 
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Figure 8. (a) Forest plot with mean difference and confidence intervals of number of bites between conditions in each study; (b) Scatter plot with number of bites with the Small condition of Studies 1 and 2 and Lunch of Study 3 on the x-axis compared to other condition on the y-axis (see legend). 
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Table 1. Group characteristics for the three studies.
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	Study 1 (n = 19)
	Study 2 (n = 18)
	Study 3 (n = 29)





	Age, years
	22.5 (1.8)
	25.9 (4.7)
	24.4 (2.7)



	Weight, kg
	59.1 (5.6)
	60.7 (7.8)
	60.9 (6.2)



	Height, cm
	167.3 (4.7)
	164.1 (5.4)
	164.4 (6.1)



	Body mass index, kg/m2
	21.1 (1.6)
	22.5 (2.2)
	22.5 (2.0)



	Dutch Eating Behaviour

Questionnaire
	
	
	



	Emotional, 1–5
	2.4 (0.8)
	2.1 (0.8)
	2.5 (0.8)



	External, 1–5
	3.3 (0.4)
	3.1 (0.4)
	3.3 (0.5)



	Restrained, 1–5
	2.7 (1.0)
	2.5 (0.8)
	2.4 (0.9)







Values are expressed as mean (SD).
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Table 2. Macronutrient composition and energy density of foods served.






Table 2. Macronutrient composition and energy density of foods served.











	
	Hash 1
	Hash 2
	Meat & Potatoes





	Protein, g/100
	9.6
	9.1
	9.4



	Carbohydrate, g/100
	8.2
	7.8
	8.5



	Fat, g/100
	2.0
	2.8
	6.8



	Energy, kcal (kJ)
	91.7 (383.3)
	92.8 (387.9)
	140.1 (585.6)
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Table 3. Eating behaviour characteristics across studies and conditions.
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	Food Intake (g)
	Meal Duration (min)
	Bites (n)
	Chews (n)





	Study 1—Unit size
	
	
	
	



	Small
	304 (116)
	9.4 (3.4)
	54.4 (24.4)
	566 (212)



	Medium
	300 (92) ns
	9.7 (3.5) ns
	54.5 (24.7) ns
	626 (238) ns



	Large
	312 (107) ns
	10.5 (3.2) ns
	61.9 (29.6) ns
	662 (195) *



	Study 2—Unit Size
	
	
	
	



	Small
	309 (98)
	8.3 (4.7)
	36.8 (11.1)
	471 (251)



	Large
	301 (101) ns
	9.2 (6.1) *
	36.5 (13.6) ns
	567 (383) *



	Study 3—Meal Occasion
	
	
	
	



	Lunch
	310 (108)
	10.2 (3.6)
	49.2 (17.9)
	802 (316)



	Dinner
	315 (112) ns
	10.4 (3.6) ns
	50.8 (19.1) ns
	808 (315) ns







Values are expressed as mean (SD). All test statistics refer to within study comparisons. * Significantly different compared to the Small condition in Studies 1 and 2, or the Lunch condition in Study 3. ns not significantly different compared to the Small condition in Studies 1 and 2, or the Lunch condition in Study 3.
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Table 4. Subjective meal scores across studies and conditions.
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Before Meal

	
After Meal






	

	
Desire to eat

	
Hunger

	
Desire to eat

	
Hunger

	
Food liking




	
Study 1

	

	

	

	

	




	
Small

	
81.3 (17.8)

	
82.7 (17.0)

	
20.4 (20.0) a

	
12.5 (16.0) a

	
54.6 (21.6)




	
Medium

	
81.6 (21.2) ns

	
81.6 (19.5) ns

	
20.8 (19.7) ns,a

	
12.3 (13.5) ns,a

	
58.3 (12.5) ns




	
Large

	
84.3 (21.8) ns

	
85.5 (19.7) ns

	
19.6 (16.2)ns,a

	
9.8 (11.5) ns,a

	
56.8 (20.9) ns




	
Study 2

	

	

	

	

	




	
Small

	
62.7 (25.0)

	
53.3 (26.9)

	
10.7 (12.8) a

	
5.7 (8.1) a

	
47.4 (21.4)




	
Large

	
57.8 (23.4) ns

	
54.4 (27.8) ns

	
11.8 (13.9) ns,a

	
5.8 (7.8) ns,a

	
48.1 (19.1) ns




	
Study 3

	

	

	

	

	




	
Lunch

	
78.2 (16.1)

	
77.0 (15.5)

	
15.8 (14.7) a

	
10.7 (11.2) a

	
67.8 (17.8)




	
Dinner

	
72.8 (17.4) ns

	
72.9 (16.6) ns

	
16.5 (14.9) ns,a

	
8.9 (9.3) ns,a

	
62.9 (22.1) ns








Values are expressed as mean (SD). a significant difference to pre-meal scores. ns not significantly different compared to the Small condition in Studies 1 and 2, or the Lunch condition in Study 3.
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