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ABSTRACT  16 

Numerous studies have examined energy compensation following overfeeding regime whereas much 17 

less is known about the impact of acute underfeeding on energy compensation and fewer still have 18 

compared energy reduction and addition in the same group of individuals. This study compared the 19 

effects of consuming lunches with varying energy content (7.2-fold difference) on subsequent energy 20 

intake. A total of 27 healthy males took part in this randomized, crossover study with five treatments: 21 

163 kcal (very low energy meal, VLEM), 302 kcal (low energy meal, LEM), 605 kcal (control), 889 kcal 22 

(high energy meal, HEM), and 1176 kcal (very high energy meal, VHEM) served as noodle soup. 23 

Participants were instructed to consume a standardized breakfast in the morning and they were 24 

provided with one of the five treatments for lunch on each test day. Test lunches were matched for 25 

palatability, sensory properties, and volume. Participants were provided with afternoon snack and ad 26 

libitum dinner on each test day and recorded food intake for the rest of the day. Appetite ratings were 27 

measured at regular intervals. As the energy content of treatments increased, participants’ hunger, 28 

desire to eat, and prospective consumption decreased significantly whereas fullness increased 29 

significantly. However, no significant difference in subsequent meal intake was found between the 30 

treatments (P=0.458): 1003kcal VLEM, 1010kcal LEM, 1011kcal control, 940kcal HEM, and 919kcal 31 

VHEM. Total daily energy intake was statistically significantly different between the treatments 32 

(P<0.001) and was varied directly with the energy content of the lunchtime meal. Despite the large 33 

difference in energy content between the treatments, participants did not compensate for the “missing 34 

calories” or “additional calories” at subsequent meals. These results suggest that covertly manipulated, 35 

equally palatable, sensory and volume matched meals have the potential to promote either positive or 36 

negative energy balance. Keywords: sensory; energy compensation; energy balance; food intake 37 

regulation; calorie threshold  38 
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1. Introduction 39 

Obesity results from sustained periods of positive energy balance and is the consequence of 40 

proportionately small deviations between energy needs and energy intake. Humans eat in response 41 

their food environment and are frequently reliant on sensory, labeling or volume cues to gauge the 42 

energy content of the foods being consumed. Numerous overfeeding studies have consistently 43 

demonstrated that spontaneous reductions in energy intake do not occur following a period of 44 

overfeeding, and can result in sustained positive energy balance and weight gain over time [1-4]. Many 45 

dietary strategies for weight loss are based on restricting food intake or reducing the calorie content of 46 

foods to produce large reductions in daily energy intake. However, long-term compliance to these diets 47 

and weight loss maintenance tends to be poor [5-8]. After many years of reducing fat and carbohydrate 48 

intakes, the general consensus is that total ‘energy’ content rather than a specific macronutrient target, 49 

could be the key to reducing energy intake and shifting energy balance [9, 10]. There is an awareness of 50 

this from food manufacturers and many food industries have signed a pledge to reduce the calorie 51 

content of their foods as part of their corporate social responsibility [11]. However, reducing the calorie 52 

intake by removing fat or sugar or by reducing portion size from foods may be challenging, as the calorie 53 

sources in a meal drive palatability, food purchase and consumption. Recent advances in our 54 

understanding of sensory cues and satiation now create the opportunity to reduce calorie content while 55 

maintaining many of the sensory cues that promote palatability and satiation [12]. In addition, many 56 

attempts to reduce calorie content in the past have focused on arbitrary calorie reduction targets based 57 

on formulation, cost or meal aesthetics, with little empirical understanding of how stepwise calorie 58 

reduction or addition influences re-bound hunger or energy compensation at the next meal.  59 

Previous researchers have studied the effect of consuming different energy content of liquid 60 

preloads (0 kcal, 300 kcal, 600 kcal) on subsequent food intake two hours after preload consumption 61 
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[13]. Subsequent food intake was 1475 kcal after 0 kcal preload, 1154 kcal after 300 kcal preload, and 62 

1056 kcal after 600 kcal preload. There was a marked difference in subsequent food intake between 0 63 

and 300 kcal preloads (321 kcal), compared to 300 and 600 kcal preloads (98 kcal), despite the relative 64 

difference in both cases (0 and 300 kcal vs. 300 and 600 kcal) being identical. This suggests there could 65 

be a “calorie threshold”, above which our basic physiological energy needs are met and there is much 66 

less rebound hunger or acute energy compensation.  67 

While responses to overfeeding have been studied extensively, only a relatively small number of 68 

studies have been specifically designed to understand the energy intake regulation in response to short-69 

term energy reduction [14, 15] and fewer still have compared energy reduction and addition in the same 70 

group of individuals [16-18]. These studies have typically found only partial compensation when energy 71 

content is manipulated, resulting in an acute net deficit in overall energy intake [14, 15]. Earlier research 72 

on underfeeding and overfeeding within the same small group of individuals (n ≤ 16), reported slightly 73 

better compensation when participants were underfed than when overfed, though overall energy 74 

compensation remained poor [16-18]. However it remains unclear whether stepwise changes in meal 75 

calorie content around a baseline energy requirement (i.e. a “calorie threshold”) would be perceived, 76 

and to what extent the quantity of the missing or added calories would be compensated for. There is a 77 

current gap in knowledge of acute energy intake regulation and energy compensation in response to 78 

stepwise reduction or increment of energy from the diet. There is also a lack of data as to whether 79 

individuals would respond to energy deficit and energy surfeit the same way. The current study seeks to 80 

understand human sensitivity to stepwise differences in energy content of a realistic lunchtime meal 81 

(ranging from 163 to 1176 kcal), and the impact this has on energy intake within the same day.  82 

 83 

2. Material and methods 84 
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2.1. Participants 85 

Twenty seven healthy young lean males were recruited from the general public of Singapore 86 

through advertisements placed around the National University of Singapore campus (Table 1). The study 87 

inclusion criteria were healthy males aged between 21 and 40 years with normal BMI (18.5 to 25.0 88 

kg/m2). The exclusion criteria were individuals who were taking any drug known to affect appetite, were 89 

currently dieting, had allergies to any ingredient in the test meal, and anyone whose body weight had 90 

changed more than five kilograms in the past 12 months. Participants were non-restrained eaters and 91 

non-smokers. The mean DEBQ restraint score was 2.51 ± 0.70. A majority of the participants (89%) 92 

reported exercising, ranging from once per week to ≥ 4 times per week. Only one participant reported 93 

eating relatively slow, about half of the study participants reported eating at medium rate, ten 94 

participants reported eating relatively fast, and two participants reported eating very fast. 95 

This study was approved by Singapore National Healthcare Group Domain Specific Review Board. 96 

All participants gave informed consent. The trial was registered with the Australia New Zealand Clinical 97 

Trials Registry (number: ACTRN12615000902594).  98 

 99 

2.2. Design 100 

This study was carried out using a randomized, crossover design with five treatments. The 101 

treatments were five ramen noodle soups with different energy contents that were served as a 102 

lunchtime meal: 163 kcal (very low energy meal, VLEM), 302 kcal (low energy meal, LEM), 605 kcal 103 

(control), 889 kcal (high energy meal, HEM), and 1176 kcal (very high energy meal, VHEM) (1 kcal = 104 

4.186 kJ). A recent study reported that order of presentation of preload was a significant predictor of 105 

accuracy in energy compensation in adults,[19] hence all the participants in the present study received 106 

the control test meal during their first visit. Following this, half of the participants received the calorie 107 

reduction meal (VLEM or LEM) and the other half of the participants received the calorie increment 108 
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meal (HEM or VHEM) during their second visit. The order was switched during the third visit, whereby 109 

participants who received the calorie reduction meal were given calorie increment meal during the third 110 

visit and vice versa. Thus, participants had equal chance of being exposed to either a high or a low test 111 

meal first. A washout period of a minimal of five days was required between the test sessions in order to 112 

prevent any carry-over effects. The study protocol required all participants to consume a standardized 113 

study breakfast they had been provided a set time period before attending a lunchtime meal session at 114 

the Clinical Nutrition Research Center (CNRC). The 605 kcal treatment was chosen as the control as this 115 

is the usual lunch intake (approximately 30% of total energy expenditure) for Asian males aged between 116 

20 and 30 years.  117 

 118 

2.3. Procedure 119 

Prior to commencement of the study, potential participants underwent a screening session to 120 

provide informed consent and complete a screening questionnaire to determine their eligibility to 121 

participate. Participants were instructed to fast for a minimum of ten hours before the screening 122 

session. Anthropometric measurements were recorded which included height and weight (Seca 763 123 

Digital Scale), waist and hip circumferences (luftkin W606PM measuring tape), and body composition 124 

analyzed using bioelectrical impedance analysis (Tanita BC-418). Participants were then asked to attend 125 

five test sessions.  126 

Between 8 and 9 am on each test day, participants were asked to consume a standardized 127 

breakfast. Between 12 and 1 pm, they were provided with a fixed portion of one of the test lunches and 128 

a 250 mL glass of water (optional). Participants were required to consume the entire portion of the test 129 

meal (including broth) within 15 minutes. They were also asked to rate their appetite and mood states 130 

by marking a vertical line on 100 mm visual analogue scale (VAS) prior to consuming the test lunch. 131 

Appetite questions included ratings of desire to eat, hunger, prospective consumption, fullness, and 132 
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thirst. In addition, several distractor questions such as happiness, clear-headed, and alertness were 133 

included in the appetite questionnaire. Following this, participants were instructed to consume a 134 

spoonful of the lunch and rate various attributes such as pleasantness, desire to eat, overall liking of the 135 

flavour, how filling, and how many calories they believed the test meal contained. Participants were 136 

asked to complete appetite questionnaires every 15 minutes for the first hour and every 30 minutes 137 

thereafter. Upon completion of the lunch session, participants were given a standardized afternoon 138 

snack (optional) and instructed to return the leftover contents during their dinner session at CNRC five 139 

hours later. Upon arrival at CNRC for their dinner session, participants received an ad libitum portion of 140 

800 g of fried rice. Participants were instructed to consume as little or as much as they wish until they 141 

feel comfortably full. Participants were also given 250 mL glass of water (optional) during dinner. Mood 142 

and appetite questions similar to those completed by participants during lunch were completed before 143 

and after dinner. Leftover fried rice, water and the afternoon snack was then weighed and recorded.  144 

Upon completion of each dinner session, participants were instructed to keep a food diary to 145 

record any additional food intake (supper) the evening after they left the study site. A nutritionist 146 

provided verbal instructions to each participant on the way to collect diet records. The food diary also 147 

contained written instructions. A nutritionist reviewed the diet records upon return for accuracy and 148 

completeness. A trained researcher entered all dietary data. All diet records were analyzed using version 149 

6.70 of the Diet Plan nutrient database (Forestfield Software Ltd, West Sussex, UK). 150 

 151 

2.4. Test Food 152 

The standardized breakfast consisted of a small carton of orange juice (Marigold: 350 mL), a China 153 

Fuji apple, a packet of cheese sandwich biscuits (Julie’s Cheese Sandwich: 28 g) and one muesli bar 154 

(Uncle Toby’s strawberry flavoured yoghurt tops: 24 g) for a total of 499 kcal. The test lunch included a 155 

bowl of ramen style noodle soup and a glass of water (250 mL). The afternoon snack, which was 156 
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optional, included a bottle of mineral water (Dasani, Singapore: 600 mL), a muesli bar (Quaker Chewy 157 

oat bar, oatmeal raisin flavour: 24 g) and red seedless grapes (145 g) for a total of 190 kcal. Dinner 158 

consisted of 800 g fried rice (189 kcal per 100 g) and a glass of water (250 mL).  159 

The recipe for the five variations of noodle soup was developed and extensively pilot tested in-160 

house using commercially available ingredients obtained from various locations in Singapore. A ‘ramen’ 161 

style noodle soup was chosen as the test lunch as it is a popular and typical lunch in Asia, has multiple 162 

components for ease of manipulation of energy content and a flavorsome broth to better conceal 163 

sensory differences due to added or removed ingredients. Table 2 shows the nutrient composition of 164 

the test meals and an example of the test meal is shown in Fig. 1. The test lunches were matched for 165 

palatability, sensory properties, and weight (mean weight = 633 g). Participants were blinded to the 166 

covert manipulation of energy across each of the treatments they received. The recipes were 167 

individually modified to deliver calories in five different levels (163, 302, 605, 889 and 1176 kcal) in two 168 

ways: (i) by using a higher or lower energy dense base broth, and (ii) by changing the proportion of the 169 

energy-containing ingredients. Maltodextrin (M1, Ingredion: 360 kcal per 100 g) and canola oil (884 kcal 170 

per 100 g) were added to produce a higher energy broth for the higher energy soups (889 and 1176 171 

kcal). The ratio of zucchini to noodle was higher in the low energy variations whereas the ratio of noodle 172 

to zucchini was higher in high energy variations. All test lunches contained the same ingredients (organic 173 

ramen noodle, zucchini, miso paste, dashi powder, Knorr chicken stock cubes, narutomaki fishcake, 174 

chicken, spring onion, mung bean, seaweed sheets, sesame seeds, sesame oil, and canola oil), albeit the 175 

proportion of each ingredient differed between test lunches. 176 

 177 

2.5. Data Analysis 178 

To detect a mean difference of 400 kcal in energy intake between any of the two treatments, and 179 

using a two-sided significance level of 5%, 17 participants with complete data would be required. A 180 
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minimum of 23 participants was required to allow for 30% missing or unusable data. Characteristics of 181 

the study participants were presented as means and standard deviations. Linear mixed models with a 182 

random participant effect were used to compare the effects of treatments on ‘appetite’, ‘energy intake’, 183 

and ‘energy compensation’. The models also assessed the influence of the following variables: ‘session 184 

number’, ‘age’, ‘body fat percentage’, ‘fat free mass’, ‘BMI’, ‘basal metabolic rate’, and ‘restraint status’ 185 

on study outcomes. None of these variables appeared to significantly influence the outcomes and hence 186 

they were excluded from the final model. Statistical analysis was performed using Stata 11.1 (StataCorp 187 

LP, TX, US). All tests were two-sided; P < 0.05 was considered statistically significant. 188 

 189 

3. Results 190 

3.1  Hedonic, sensory and appetite ratings of the test meals and dinner 191 

Participants were asked to rate the hedonic and sensory attributes of test meals and their appetite 192 

after consuming a spoonful of the test lunch (Table 3). All test meals were equally liked and expected to 193 

deliver the same fullness, but a small but statistically significantly difference was found in estimated 194 

calories between the test meals. Participants repeated many of these ratings after consuming a spoonful 195 

of the evening dinner meal and these are summarized in Table 3. 196 

 197 

3.2 Appetite ratings overtime 198 

Fig. 2 (a-d) shows the appetite ratings over a five-hour period, from before lunch until after 199 

dinner. There were consistent differences in appetite between the different test meals and ratings for 200 

desire to eat, hunger, and prospective consumption tended to follow the different energy contents of 201 

the lunchtime meals. These ratings were lowest when participants consumed VHEM, followed by HEM 202 

and control test lunches whereas ratings were the highest when participants consumed LEM and VLEM 203 
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test lunches. The opposite trend was observed for fullness ratings, in which fullness rating was lowest in 204 

the VLED test lunch whereas highest in the VHEM test lunch. No significant differences were found 205 

between treatments for thirst or distractors such as happiness, clear-headed, and alertness (data not 206 

shown). 207 

 208 

3.3 Energy intake at subsequent meals 209 

Fig. 3 shows the breakdown of energy consumed at each meal. Despite large differences in test 210 

meal energy content, ranging from 163 kcal to 1176 kcal, there was no significant difference in 211 

combined energy intake at subsequent meals, i.e. sum of optional study afternoon snack, ab libitum 212 

study dinner, and optional supper (food diary data), between the treatments (P = 0.458). Mean (s.e.) 213 

subsequent energy intake was 1003 (63) kcal, 1010 (61) kcal, 1011 (79) kcal, 940 (63) kcal, and 919 (58) 214 

kcal after consuming VLEM, LEM, control, HEM, and VHEM for lunch, respectively. This equates to 215 

dietary compensation scores of -1.8% for VLEM, -0.3% for LEM, 24.8% for HEM, and 16.1% for VHEM, 216 

and these compensation scores were not statistically significantly different (P = 0.793). 217 

A strong positive dose-response relationship was found between energy content of the test lunch 218 

and total daily energy intake: VLEM 1665 kcal, LEM 1811 kcal, control 2115 kcal, HEM 2328 kcal, VHEM 219 

2594 kcal (P < 0.001) (Fig. 3).  220 

 221 

4. Discussion 222 

The current study sought to understand human sensitivity to calorie manipulation within a meal, 223 

and the subsequent impact this had on overall energy intake within the day. The findings showed a 224 

relative insensitivity to the addition or removal of energy from sensory matched versions of the same 225 

lunchtime meal in terms of energy compensation and the impact on total energy consumed throughout 226 
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the day. The result creates the possibility for acute energy overconsumption but also highlight an 227 

opportunity to covertly remove energy from the diet, with little or no compensatory eating. Appetite 228 

ratings showed that participants could successfully rank the covert energy manipulations in the test 229 

meals, yet when it came to snacking and eating behaviour later in the day, the difference in subsequent 230 

energy intake for removed or added energy was negligible (range of 1003 for VLEM to 919 kcal for 231 

VHEM). Results suggest that participants showed detectable changes in internal hunger and fullness, but 232 

these differences were not sufficient to motivate a change in later compensatory eating behaviours. 233 

A novel aspect of the current study was the use of a real food that was consumed under normal 234 

eating conditions (lunch and dinner) with a wide range of energy differences (7.2-fold) between the test 235 

meals. In addition, heuristic cues that are commonly used to gauge energy content of a meal (e.g. 236 

sensory properties, volume) were controlled in the current study, making it more difficult to detect the 237 

underlying calorie differences. A water (0 kcal) condition was not included in the present study due to an 238 

inability to produce a sensory matched test meal with no calories, and this condition would have created 239 

an obvious cognitive bias that would likely stimulate re-bound hunger and eating irrespective of the 240 

post-ingestive effects. Previous research has also reported a marked difference in the compensatory 241 

eating response when a water preload has been compared to pre-loads of different calorie contents.[13]  242 

Findings from the current study suggest that it is possible to acutely reduce energy intake even in 243 

the presence of some awareness and slight increases in visceral feelings of hunger, where the lunch 244 

meals were perceived as slightly less filling. A remarkable finding is that the energy content of the test 245 

meals were perfectly ranked by the subjective appetite ratings. Interestingly, this difference was not 246 

reflected in the compensatory eating behaviours observed at subsequent meals and it is encouraging to 247 

note that participants in the present study did not compensate by increasing their energy intake when 248 

they consumed sensory- and volume-matched lunches which were 50% to 75% less energy dense than 249 

their usual lunch. There was no statistical significant difference in subsequent energy intake (i.e. sum of 250 
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afternoon snack, dinner or supper) after consuming the different test lunches: (1003 kcal, 1010 kcal, and 251 

1011 kcal, respectively). Although there was a subtle ability to rank the test meals by their energy 252 

content and participants perceived the highest energy dense test meal to be high calorie, this did not 253 

lead to any significant change in the compensatory eating response. The subsequent energy intake was 254 

only 71 to 92 kcal less than the control test day when the lunch was 1.5 to 2 times larger than their usual 255 

intake. There was a similar lack of sensitivity (<25%) in the compensatory feeding response despite very 256 

large differences in the energy content of the test meals, i.e. 25% to 200% of the usual lunch. It appears 257 

that energy compensation over a day to both underfeeding and overfeeding is weak among our 258 

population. Further studies are required to determine whether acute reductions in energy consumption 259 

could lead to sustained reductions in energy balance over a longer period. A recent study[14] reported 260 

that compared to a standard portion and energy density condition, reducing both portion size and 261 

energy density by 25% each lowered energy intake by 1600 kcal over a two day period. An earlier study 262 

also showed that consuming low energy dense meals (1.02 kcal/day) resulted in a 30% decrease in 263 

overall energy intake compared to high energy dense meals (1.34 kcal/day) over two consecutive 264 

days.[20] In line with this finding, recent studies with longer exposure periods (e.g. 11 to 14 days) have 265 

demonstrated that humans failed to adjust their caloric intake when daily energy intake have been 266 

manipulated.[4, 21] Across these studies, the evidence suggests that accuracy of energy compensation 267 

did not significantly improve after repeated exposure. 268 

The current study results would suggest that there could be a ‘calorie threshold’, or minimum 269 

calorie amount that is required to satisfy and prevent the onset of rebound hunger or compensatory 270 

eating. If true, then energy added to a meal above this ‘calorie threshold’ may not contribute to further 271 

fullness and satisfaction but may promote additional calorie intake, as evidenced by the poor energy 272 

adjustment seen across numerous over-feeding studies. In future studies it would be worth exploring 273 

the extent to which sensory properties associated with fullness, that cue the arrival of energy (i.e. 274 
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creaminess or thickness) could be combined in low energy meals to maintain fullness and satiety. 275 

Moreover, numerous studies have demonstrated that participants tend to consume similar weight or 276 

volume of food across days, independent of the energy content of the food.[20, 22-26] This creates the 277 

opportunity to match sensory properties, volume and weight and still conceal covert reductions in meal 278 

energy content. Further empirical studies are now required to better understand human responses to 279 

progressive reductions in energy content for sensory matched meals. Using this knowledge it will be 280 

possible to set realistic goals for calorie reductions based on appetite and energy compensation 281 

responses. 282 

Previous weight loss studies have explored how individuals respond to significant reductions (up 283 

to 50% of their normal energy intake) in calorie intake.[8] Calorie restriction diets tend to produce 284 

significant short term weight loss, but compliance is challenging and frequently this approach does not 285 

lead to sustained weight loss.[5-8] The lack of success of these diets in maintaining weight loss has been 286 

largely attributed to the long term compliance to a calorie restriction regime,[7] and the body’s 287 

conservation responses to weight loss through increased hunger and a decrease in basal metabolic 288 

rate.[5, 27] Results from the current study demonstrate that sensory enhanced, energy-reduced meals 289 

offer the opportunity to improve satisfaction for hypo-caloric diets and potentially improve compliance. 290 

The ability to detect and compensate for removed energy in a complex meal is likely influenced by 291 

a range of individual differences and will be strongly influenced by the properties of the food system 292 

manipulated.[28, 29] Thus, future studies should build on the current findings and explore the 293 

opportunity to study sensory matched reduced energy content across a range of complex meal systems. 294 

Awareness of calorie reduction is also likely to impact satisfaction and energy compensation behaviour, 295 

and communicating the calorie reduction through food labelling remains a challenge, as energy reduced 296 

products aim to fulfill the conflicting goals of promoting fullness while communicating the benefit of 297 

fewer calories. Nevertheless findings from the current study highlight the opportunity to lower energy 298 
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density of the meal by removing calories while maintaining the same volume and hedonically appealing 299 

sensory properties of the food. It is possible that sensory properties of a reduced energy meal could be 300 

used to cue the arrival of calories, while promoting satisfaction and reducing the likelihood of energy 301 

compensation at subsequent meals. Therefore sensory matched lower energy dense versions of the 302 

same food may provide an alternative to traditional calorie or portion restriction in supporting body 303 

weight control.  304 

 305 

5. Conclusions 306 

Despite the large differences in appetite ratings between the treatments, participants did not 307 

compensate differently on all test days. The current study results suggest that a combination of lower 308 

calories and sensory enhancement are likely to produce a less energy dense diet without prompting 309 

overconsumption at subsequent meals. The results again confirm the ease with which higher calorie 310 

intake can be promoted by increased energy density and the poor compensation for changes to a meals 311 

energy density highlighted previously. Taken together, the findings provide further evidence that energy 312 

intake regulation in response to both underfeeding and overfeeding is imprecise and becomes even less 313 

precise when the sensory properties that cue calories are uncoupled from the underlying energy 314 

content of the meal being consumed.  315 
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Figure legends 393 

 394 

Fig. 1. Ramen style noodle soup that was the base for the energy content manipulations in the five test 395 

meals 396 

 397 

Fig. 2. Desire to eat (a), hunger (b), prospective consumption (c), and fullness (d) ratings overtime (mean 398 

± s.e.). *Statistically significantly difference between treatments at those time points, P < 0.05. 399 

Abbreviations: HEM, high energy meal; LEM, low energy meal; VHEM, very high energy meal; VLEM, 400 

very low energy meal. 401 

 402 

Fig. 3. Energy intake consumed at each meal (mean ± s.e.). Bars with different lower case letters are 403 

significantly different, P < 0.05. Abbreviations: HEM, high energy meal; LEM, low energy meal; VHEM, 404 

very high energy meal; VLEM, very low energy meal. 405 
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Table 1 

 Characteristics of study participants (n = 27). 

  Mean ± s.d. 

Age (years) 25.76 ± 2.89 

Height (cm) 171.8 ± 6.2 

Weight (kg) 64.12 ± 6.33 

Body mass index (kg/m2) 21.66 ± 1.63 

Fat (%) 15.40 ± 4.31 

Waist circumference (cm) 73.47 ± 4.86 

Hip circumference (cm) 91.68 ± 4.25 

Basal metabolic rate (kcal) 1533 ± 131 

Fat mass (kg) 10.02 ± 3.46 

Fat free mass (kg) 54.02 ± 4.48 

Total body water (kg) 36.60 ± 3.44 

Dentures (no. %) 1 (3.7%) 

Sinus trouble (no. %) 4 (14.8%) 

Values are mean ± s.d. unless indicated otherwise.  
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Table 2 

     Nutrient composition of the test meals. 

      VLEM (163 kcal) LEM (302 kcal) Control (605 kcal) HEM (889 kcal) VHEM (1176 kcal) 

Weight (g) 609 625 637 647 649 

Energy (kcal) 163 302 605 889 1176 

Energy density (kcal/g) 0.27 0.48 0.95 1.37 1.81 

Protein (g) 18.5 26.0 18.5 19.6 20.9 

Total Fat (g) 4.3 6.6 27.6 31.8 63.3 

Carbohydrate (g) 14.2 34.8 67.1 135.6 133.2 

Fiber (g) 2.9 2.7 4.3 5.2 5.9 

Sugars, total (g) 9.3 8.4 6.3 6.8 3.9 

HEM, high energy meal; LEM, low energy meal; VHEM, very high energy meal; VLEM, very low energy meal. 
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Table 3 

      Hedonic, sensory, and appetite ratings of the test meals and dinner (mean ± s.e.). 

   
  

VLEM 
(163 kcal) 

LEM 
(302 kcal) 

Control 
(605 kcal) 

HEM 
(889 kcal) 

VHEM 
(1176 kcal) 

P value 

Lunch 
     

 Pleasantness (mm) 65.6 ± 3.1 66.9 ± 2.7 68.3 ± 2.9 66.9 ± 3.5 68.9 ± 3.9 0.877 

Desire to eat (mm) 71.8 ± 3.1 70.5 ± 3.8 69.0 ± 3.2 72.6 ± 3.0 73.7 ± 3.2 0.734 

Flavour (mm) 64.7 ± 3.1 66.2 ± 2.7 63.1 ± 2.9 65.2 ± 3.8 69.1 ± 3.9 0.544 

Filling (mm) 65.0 ± 3.7 65.6 ± 3.7 65.7 ± 2.8 69.8 ± 3.7 70.8 ± 3.5 0.303 

Calories (mm) 57.9 ± 4.3a 63.9 ± 3.6ab 57.2 ± 3.1a 62.1 ± 3.6a 69.9 ± 3.3b 0.009 

      
 Dinner 

     
 Pleasantness (mm) 68.2 ± 3.2c 67.4 ± 4.2bc 60.6 ± 3.6ab 64.6 ± 4.4abc 58.5 ± 4.6a 0.043 

Desire to eat (mm) 72.6 ± 3.4b 65.8 ± 4.7b 57.3 ± 3.8a 65.3 ± 4.0b 53.5 ± 4.9a <0.001 

Hunger (mm) 68.9 ± 3.6c 67.9 ± 4.2c 57.4 ± 3.7ab 62.5 ± 4.4bc 51.2 ± 4.8a <0.001 

Prospective consumption (mm) 70.3 ± 2.7b 65.1 ± 4.5b 58.1 ± 3.1a 64.6 ± 3.2b 57.4 ± 3.7a 0.001 

Fullness (mm) 32.6 ± 3.5 38.5 ± 4.8 33.0 ± 2.6 38.2 ± 4.5 39.6 ± 3.7 0.312 

Thirst (mm) 51.9 ± 3.5 54.8 ± 3.9 47.4 ± 2.9 48.7 ± 3.1 53.5 ± 3.5 0.384 

Rows with different lower case letters are significantly different, P < 0.05.  
   HEM, high energy meal; LEM, low energy meal; VHEM, very high energy meal; VLEM, very low energy meal. 
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