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Abstract

Purpose Protein consumption after resistance exercise
potentiates muscle protein synthesis, but its effects on sub-
sequent appetite in this context are unknown. This study
examined appetite and energy intake following consump-
tion of protein- and carbohydrate-containing drinks after
resistance exercise.

Methods After familiarisation, 15 resistance training
males (age 21 £ 1 years, body mass 78.0 &= 11.9 kg, stat-
ure 1.78 £+ 0.07 m) completed two randomised, double-
blind trials, consisting of lower-body resistance exer-
cise, followed by consumption of a whey protein (PRO
23.9 £ 3.6 g protein) or dextrose (CHO 26.5 + 3.8 g car-
bohydrate) drink in the 5 min post-exercise. An ad libitum
meal was served 60 min later, with subjective appetite
measured throughout. Drinks were flavoured and matched
for energy content and volume. The PRO drink provided
0.3 g/kg body mass protein.

Results Ad libitum energy intake (PRO 3742 £ 994 KkJ;
CHO 4172 + 1132 kJ; P = 0.007) and mean eating
rate (PRO 339 + 102 kJ/min; CHO 405 + 154 kJ/min;
P = 0.009) were lower during PRO. The change in eat-
ing rate was associated with the change in energy intake
(R = 0.661, P = 0.007). No interaction effects were
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observed for subjective measures of appetite. The PRO
drink was perceived as creamier and thicker, and less pleas-
ant, sweet and refreshing (P < 0.05).

Conclusion These results suggest whey protein consump-
tion after resistance exercise reduces subsequent energy
intake, and this might be partially mediated by a reduced
eating rate. Whilst this reduced energy intake is unlikely
to impair hypertrophy, it may be of value in supporting an
energy deficit for weight loss.

Keywords Appetite - Energy balance - Weight
management - Protein synthesis - Anabolism - Body
composition

Introduction

Muscle hypertrophy is highly desirable to a wide range
of populations, ranging from those seeking optimal ath-
letic performance, to those seeking to maintain functional
capacity for health. Concurrently, resistance exercise is also
recommended as part of a holistic model for weight man-
agement [1]. Resistance exercise and post-exercise protein
feeding synergistically potentiate muscle protein synthe-
sis, orchestrating muscle fibre hypertrophy [2]. At least
in young, resistance-trained men, whey protein has been
shown to stimulate muscle protein synthesis to a greater
extent than other proteins when doses of 20-25 g protein
are ingested [3], with this amount of whey protein being
sufficient to maximise this response after lower limb resist-
ance exercise [4].

Protein has been suggested to be the most satiating
macronutrient, and protein feeding at rest has been shown
to reduce subsequent energy intake compared to other
macronutrients [5], and protein-containing drinks have
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been shown to attenuate energy intake at a subsequent
meal in a dose-dependent manner [6]. Therefore, if post-
exercise protein intake reduces subsequent energy intake
sufficiently, this might reduce the anabolic response to sub-
sequent protein intake, which is potentiated for some time
after exercise [7].

Whilst resistance exercise in isolation has been shown
to alter appetite regulation, to date, very few studies have
considered the interaction of exercise and post-exercise
nutrition on subsequent appetite and energy intake. This is
particularly important for resistance exercise where post-
exercise protein intake is recommended to maximise the
anabolic response [2]. When consumed after aerobic exer-
cise, Clayton et al. [8] observed no significant difference
in subsequent energy intake between energy-matched whey
protein and carbohydrate drinks. It is feasible, however,
that resistance exercise may interact with liquid protein to
elicit a dissimilar response to aerobic exercise; a premise
that has yet to be investigated.

Therefore, the purpose of this study was to compare
drinks containing dextrose (i.e. carbohydrate) and whey
protein consumed after resistance exercise on subsequent
appetite and energy intake. It was hypothesised that the
whey protein drink would suppress appetite and reduce
energy intake relative to the carbohydrate drink.

Methods
Subjects

After approval by the Loughborough University Eth-
ics Approvals (Human Participants) Sub-Committee, 15
physically active, healthy males, who included resist-
ance exercise in their exercise routine (age 21 + 1 years,
body mass 78 £ 11.9 kg, stature 1.78 £+ 0.07 m, BMI
24.6 4+ 2.6 kg m~?) provided consent and completed this
study. Subjects were not restrained, disinhibited or hungry
eaters [9]. Subjects performed a familiarisation trial and
two experimental trials, with the experimental trials being
administered in a randomised double-blind manner and
separated by >5 days. Using previous data from our labo-
ratory for the main outcome variable (i.e. ad libitum energy
intake), an a priori sample size calculation with statistical
power of 0.95 and « of 0.05 estimated 15 subjects would
be required to reject the null hypothesis if there was a mean
difference of 400 kJ between trials.

Familiarisation trial
Subject’s stature and mass were recorded and skinfold

measurements were made at four sites (biceps, triceps,
subscapular and suprailiac) to estimate body fat using the
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Siri equation [10]. Subjects then completed a 5-min warm-
up on a friction-braked cycle ergometer (Monark828E,
Varberg, Sweden), at a standardised work rate (1.5-2 W/
kg body mass). One repetition maximum (1RM) was
then determined for unilateral leg extension and leg flex-
ion (Technogym Element + Leg Extension and Leg Curl,
Technogym U.K. Ltd, Berkshire, UK). A successful repeti-
tion was judged by subjects producing an acceptably full
range of motion. Subjects rested as required between 1RM
attempts. Subjects then completed two sets of 10 reps at
70% of 1RM (Table 1) to familiarise them with the resist-
ance training protocol used in the experimental trials, after
which they were familiarised with the ad libitum pasta
meal described later.

Pre-trial standardisation

Subjects completed a food and activity diary in the 24 h
preceding the first experimental trial and were asked to
replicate this in the 24 h before their second trial. Atypi-
cal dietary habits, alcohol ingestion and strenuous physi-
cal activity were not permitted in this period. All subjects
consumed a standardised breakfast two h before exercise
commenced, providing 15% of estimated energy require-
ments (RMR [11] multiplied by a physical activity level of
1.7) and 1 g/kg body mass of carbohydrate. The breakfast
was consumed in the subject’s home and consisted of semi-
skimmed milk (Tesco, Cheshunt, UK) and Nutri-Grain bars
(Kelloggs, Manchester, UK) in a ratio of 125-ml milk 30 g
Nutri-Grain. Compliance with these pre-trial requirements
was verbally confirmed prior to each trial.

Experimental trials

Participants arrived at the testing facility between 10:00
and 11:00 (standardised within subjects), and post-void
body mass in minimal clothing was measured. Subjects
completed approximately 50 min of resistance exercise and
then immediately ingested either a protein (PRO) or car-
bohydrate (CHO) drink. This was followed by a period of
60-min rest in a comfortable environment. The ad libitum
meal was served 65 min after the end of exercise, and sub-
jects were allowed 20 min in which to eat. Questionnaires
assessing subjective appetite were collected at regular inter-
vals throughout, along with a drink characteristic question-
naire that was collected after post-exercise drink ingestion.

Resistance exercise

Subjects completed the standardised 5-min warm-up
described for the familiarisation trial, followed by 2-min
rest. Resistance exercise was unilateral extension of the
right and left leg, followed by unilateral flexion of the
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right and left leg. For each exercise on each leg subjects
completed one warm-up set of 10 repetitions at 35% 1RM
and four working sets of 10 reps at 70% 1RM. If subjects
fatigued before they had completed four sets of 10 reps
during the first experimental trial, they replicated this work
in the second trial. In the second trial, all subjects were able
to replicate work done from the first trial. Two minutes
rest was allowed between each set. Subjects were provided
with water ad libitum up until the start of the final exercise
(i.e. left leg flexion) during the first trial, with this amount
matched during the second trial.

Ad libitum meal

Subjects were seated in an eating booth to isolate them
from external stimuli as much as possible. The test
meal consisted of pasta (400 g dry-weight), Bolognese
sauce (400 g), and olive oil (32 g) (Tesco, Cheshunt,
UK). The meal was homogenous in nature and provided
5.84 £ 0.04 kJ/g (12% protein, 69% carbohydrate, 19%
fat). Subjects were initially provided with a portion con-
taining just over half of the total food prepared. A new por-
tion, containing the remainder of the prepared food, was
provided part way through the protocol at a time specific to
the subjects eating rate. This was to ensure that finishing a
bowl did not act as a satiety cue. Subjects were instructed
to “eat until comfortably full and satisfied”, at which point
they moved from the eating booth to a chair inside the eat-
ing laboratory. A period of 20 min was allocated to eat the
test meal and subjects remained in the eating laboratory
for the entire time. The time spent eating was recorded and
together with the total energy intake was used to determine
the mean eating rate. Water was available ad libitum during
the meal. The meal was served in two large pasta bowls and
warmed before serving. All meals were subject to identical
preparation, cooking, heating and serving protocols. Food
and water intake were measured by weighing bowls and
glasses before and after consumption, with energy intake
quantified from manufacturer values.

Post-exercise drink

Subjects were provided with a dextrose monohydrate
drink (Myprotein, Manchester, UK) in the CHO trial, and
a whey protein isolate drink (WPI90, Volac International
Ltd., Orwell, UK) in the PRO trial. (Table 2) The protein
drink provided 0.3 g protein/kg body mass, in line with
current guidelines [2]. The carbohydrate drink was isoen-
ergetic in comparison with the protein drink, although a
little over 0.3 g carbohydrate/kg body mass was provided
due the small additional fat and lactose content of the whey

protein isolate. Manufacturer values were used to deter-
mine the macronutrient and energy content of powders.
The powder for each drink was assimilated in 400 ml of
no added sugar orange squash (Tesco Stores Ltd., Ches-
hunt, UK) and the subjects consumed this 400 ml. An addi-
tional 100 ml squash was then added to the bottle, mixed
with any remaining residue and consumed by the subjects.
Subjects were given 5 min to consume the drink. The drink
was served in an opaque sports bottle and was consumed
through a sports cap to reduce sensory and textural cues.
The drink was provided in a randomised, double-blind
manner. Drinks were prepared on the same day as the trial,
earlier that morning. Subjects were aware that the study
was investigating the appetite effects of post-resistance
exercise drink composition, but were unaware of the com-
position of drinks.

At the end of the study, subjects were told that the drinks
consumed were a carbohydrate drink and a whey protein
drink and were asked if they could identify which drink
they had ingested on which trial.

Subjective appetite questionnaire

Subjects rated their perceptions of appetite via 100-mm
visual analogue scales (VAS) [12]. Questions asked were
related to hunger “How hungry do you feel?”; fullness
“How full do you feel?”; desire to eat (DTE) “How strong
is your desire to eat?” and prospective food consumption
(PFC) “How much food do you think you could eat?”,
with verbal anchors “not at all”/*none at all” at 0 mm
and “extremely”/“a lot” at 100 mm. Subjects completed
this questionnaire pre-exercise, post-exercise, post-drink,
15 min post-drink, 30 min post-drink, 45 min post-drink,
60 min post-drink and at the end of the test meal. Total area
under the curve (AUC) values were calculated for subjec-
tive appetite responses in the period between drink con-
sumption and the ad libitum meal (i.e. post-drink to 60 min
post-drink).

Drink characteristics questionnaire

Additional 100-mm VAS questions were assessed immedi-
ately after drink consumption. Questions asked were “How
pleasant was the drink?”, “How much aftertaste did the
drink have?”, “How salty was the drink?”, “How bitter was
the drink?”, “How sweet was the drink?”, “How creamy
was the drink?”, “How thick was the drink?”, “How sticky
was the drink?”, “How fruity was the drink?” and “How
refreshing was the drink?”. Verbal anchors “not at all” and
“extremely/extreme” were placed at 0 mm and 100 mm,
respectively.
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Table 1 One repetition

. . Right leg extension ~ Left leg extension ~ Right leg flexion  Left leg flexion
maximum (1RM) and weight
lgtedddu}‘ing}:he working sets IRM (kg) 60.7 + 16.0 60.3 + 17.0 415494 415 +10.0
(kg) during the resistance Working weight (kg) ~ 42.2 + 10.4 2+113 287455 287463

exercise in experimental trials

Data are mean &= SD

Data analysis

Data were analysed using SPSS 22 (SPSS Inc., Somers,
NY, USA). All data were examined for normality of distri-
bution using a Shapiro—Wilk test. Normally distributed data
containing one factor were analysed using paired samples
t tests, and non-normally distributed data containing one
factor were analysed using Wilcoxon signed-rank tests.
Data containing two factors were analysed using a two-
way repeated measures ANOVA. Statistical significance
was set at P < 0.05. Data are presented as mean =+ standard
deviation.

Results
Pre-trial measurements

There was no difference between trials for pre-trial
body mass (PRO 78.9 £+ 12.4 kg; CHO 78.7 + 12.4 kg;
P = 0.437), or subjective sensations of hunger (PRO
40 £+ 20 mm; CHO 40 £+ 18 mm; P = 0.978), fullness
(PRO 51 £ 12 mm; CHO 47 + 15 mm; P = 0.347), DTE
(PRO 40 # 23 mm; CHO 43 4+ 21 mm; P = 0.193) or PFC
(PRO 46 £ 21 mm; CHO 51 + 19 mm; P = 0.282).

Ad libitum meal

Energy intake at the ad libitum meal was reduced during
PRO compared to CHO (P = 0.009; Fig. 1). Eating rate was
also reduced during PRO compared to CHO (P = 0.011;
Fig. 2). The change in eating rate between trials was asso-
ciated with the change in energy intake between trials
(r = 0.662, P = 0.007) Fig. 3. Ad libitum water intake

Table 2 Composition of post-exercise drinks

Protein (PRO) Carbohydrate (CHO)
Volume (ml) 500 500
Energy (kJ) 459 + 64 459 £ 64
Protein (g) 239 +3.6 04 £0.0
Carbohydrate (g) 2.7+£0.1 26.5 £ 3.8
Fat (g) 0.1 £0.0 0.0 £0.0
Fibre (g) 04 +0.0 04 £0.0

Data are mean = SD
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did not differ between trials (P = 0.691) and amounted to
339 + 146 ml during PRO and 349 + 152 ml during CHO.
There was no trial order effect for energy intake (trial 1
3874 £ 924 kJ; trial 2 4040 £ 1224 kJ; P = 0.599) or eating
rate (trial 1 373 4 90 kJ; trial 2 371 £ 168 kJ; P = 0.689).

Drink perception

Subjects perceived PRO to be thicker (P = 0.001) and
creamier (P = 0.001) than CHO, whilst CHO was
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Fig. 1 Energy intake at the ad libitum test meal (kJ). Dagger ()
significantly different from CHO (P = 0.009). Bars are mean + SD,
with lines representing individual subject data
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Fig. 2 Mean eating rate at the ad libitum test meal (kJ min~).
Dagger () significantly different from CHO (P = 0.011). Bars are
mean + SD, with lines representing individual subject data
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Fig. 3 Change in eating rate 100
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Fig. 4 Subjective perceptions of test drinks (mm); PRO (black square) and CHO (grey square). Dagger (1) Significantly different from CHO

(P <0.05). Bars are mean & SD

perceived as being more pleasant (P = 0.014), sweeter
(P = 0.004) and more refreshing (P = 0.028) than PRO.
There was no difference between drinks for any other char-
acteristics (P > 0.250, Fig. 4).

Subjective appetite ratings

There was a main effect of time for all subjective appetite
measures (hunger P = 0.001; fullness P = 0.001; DTE
P = 0.001; PFC P = 0.001), but no main effects of trial
(hunger P = 0.301; fullness P = 0.671; DTE P = 0.150;
PFC P = 0.051) or interaction effect (hunger P = 0.559;

fullness P = 0.442; DTE P = 0.163; PFC P = 0.302).
AUC values in response to the drinks were not different
between trials for any subjective appetite variable (hun-
ger P = 0.425; fullness P = 0.512; DTE P = 0.234; PFC
P =0.220) (Table 3).

Detection of study drinks
At the end of the study when subjects were told the drinks
used in the study were a carbohydrate drink and a whey

protein drink, 11 of the 15 subjects correctly identified on
which trial they had consumed which drink.
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Table 3 Total area under curve for subjective appetite ratings

Subjective appetite measure PRO CHO

Hunger (mm/60 min) 3466 4 955 3632 + 813
Fullness (mm/60 min) 2148 + 921 1982 4+ 724
DTE (mm/60 min) 3515 + 1042 3756 + 755
PFC (mm/60 min) 3676 £ 906 3922 + 636

Data are mean + SD

DTE desire to eat, PFC prospective food consumption

Discussion

The aim of this study was to examine the effect of the macro-
nutrient composition of a drink consumed after resistance
exercise on subsequent appetite and ad libitum energy intake.
The primary finding was that energy intake was reduced after
the consumption of a whey protein isolate drink compared to
an energy-matched carbohydrate drink. Mean eating rate was
also reduced after consumption of the whey protein drink. Fur-
thermore, there were significant differences in drink character-
istics, with the whey protein drink being perceived as thicker
and creamier, as well as less sweet, pleasant and refreshing,
which might have influenced subsequent energy intake.

It has been suggested that the daily discrepancy between
intake and expenditure causing long-term weight gain is
slight [13, 14]. Accordingly, the modest reduction in energy
intake observed in the current study (430 £ 579 kJ) may
augment the effects of resistance exercise in aiding long-
term weight management. The coefficient of variation of a
single-item ad libitum meal with prior dietary standardisa-
tion has been shown to be ~8.9% [15]. The mean difference
in energy intake between trials in the present study equated
to 10.3%, which was slightly greater than that reported
by Gregersen et al. [15], although the reproducibility of
the ad libitum meal in the present study might have been
improved by the inclusion of a familiarisation trial to habit-
uate subjects to the meal and eating environment. Resist-
ance exercise increases acute energy expenditure [16] and
the resultant increase in muscle mass [17] might increase
daily energy requirements via alterations in basal metabolic
rate. The present study suggests that a reduction in energy
intake following resistance exercise with whey protein
consumption may offer an additional mechanism through
which body re-composition might occur.

Several plausible explanations exist as to why protein
in drink form might be more satiating than carbohydrate.
These include effects on: gastrointestinal appetite-related
hormones; circulating amino acids; and the sensory pro-
file of the drink. Protein consumption has been shown to
elevate peripheral concentrations of the anorexogenic hor-
mones CCK and GLP-1 to a greater extent than carbohy-
drate, resulting in greater satiety [18, 19], although the
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strength of this relationship remains unclear. Additionally,
the hyperaminoacidemia that occurs following protein
ingestion may affect appetite both directly through amino
acid-mediated mechanisms and indirectly by influencing
glucose homeostasis [20]. These blood-based measure-
ments were not made in the present study, representing a
limitation that should be rectified in future studies. Whilst
energy intake was reduced during the PRO trial, there was
no difference between trials for any subjective appetite
measures. Some [6, 19, 21, 22], but not all [18, 23] previ-
ous studies at rest have reported enhanced satiety after con-
suming protein-containing drinks, but perhaps the inclusion
of resistance exercise in the present study, which alters sub-
jective appetite responses independently [16] accounts for
the lack of difference observed. In line with this hypothesis,
no difference in subjective appetite has been observed fol-
lowing manipulation of the carbohydrate and protein con-
tent of drinks consumed after endurance exercise [8, 24],
which also independently alters subjective appetite [16].

The greater thickness and creaminess of the protein drink
may have played a role in reducing energy intake. The sen-
sory characteristics of a drink modify its satiating properties
and might influence subsequent energy intake [25]. Viscos-
ity, or thickness, seems to play a particularly important role,
with thicker drinks enhancing expectations of satiety [26,
27]. Within the literature that has noted differences in energy
intake between drinks of differing macronutrient content, it
is not uncommon for drinks to either differ in hedonic quali-
ties or for subjects to clearly identify differences between
drinks in terms of texture or flavour [6, 21, 23, 24]. Berten-
shaw et al. [28] demonstrated that matching high protein and
carbohydrate drinks for perceived thickness and creaminess
resulted in very similar satiety responses, despite liquid pro-
tein typically being found to induce greater satiety elsewhere
in the literature. Furthermore, protein drinks that were less
thick and creamy, despite being matched for nutritional
content, were found to be less satiating, resulting in greater
ad libitum energy intake compared to a sensory-enhanced
protein drink. These results suggest that the sensory charac-
teristics of drinks are critical in determining short-term sati-
ety [28]. The exact mechanisms by which orosensory char-
acteristics of drinks influence appetite and energy intake are
not clear, although such factors have been shown to elicit a
hormonal effect associated with appetite control [29].

Within the current study, the protein drink was perceived
to be thicker and creamier than the carbohydrate drink, and
less pleasant. Consequently, it is probable that orosensory
factors may have played a causal role in the reduction in
energy intake after consumption of the protein drink com-
pared to the carbohydrate drink. Clayton et al. [8] reported
energy intake 60 min after consuming whey protein and
carbohydrate drinks was not different, whilst Rumbold
et al. [24] reported reduced energy intake 60 min after
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consuming skimmed milk compared to a carbohydrate
drink. Interestingly, Clayton et al. [8] did not observe dif-
ferences in the thickness or creaminess of the drinks, a find-
ing that is likely due to the nature of the whey protein used
and the fact that drinks were consumed through a straw to
limit orosensory exposure. Whilst Rumbold et al. [24] did
not report the subjects sensory perceptions of the drinks,
the nature of the drinks (milk vs. orange juice) means it is
highly likely that sensory differences, particularly thickness
and creaminess would have been present [23]. Collectively,
these results suggest that similar to consumption at rest
[28], the orosensory effects of drinks consumed after exer-
cise might be important for how a drink impacts ad libi-
tum energy intake. Whilst the failure to match drinks for
orosensory factors might represent a limitation of the pre-
sent study, it also increases the external validity of the study
as in practice protein and carbohydrate drinks consumed in
a post-exercise setting would likely differ hedonically.

The results of the present study suggest that the reduc-
tion in energy intake after protein consumption appears
to be at least partially mediated by a reduction in eating
rate. Mean eating rate was reduced after protein consump-
tion, and the change in eating rate was associated with the
change in energy intake. Empirical evidence suggests that
manipulating eating rate affects energy intake, with slower
eating rates reducing energy intake [30]. Furthermore,
reductions in energy intake as a result of slowed eating
rates are not associated with increased hunger, decreasing
the risk of subsequent compensatory eating [31]. In evalu-
ation, consuming a protein drink after resistance exercise
may be an effective behavioural strategy to modify subse-
quent eating rate, which in turn might reduce energy intake
without deleterious effects on hunger.

Resistance exercise increases muscle protein synthesis
[32], and protein feeding post-exercise further potentiates this
response [33], whilst concurrently suppressing muscle pro-
tein breakdown [34]. The synergistically stimulated increase
in muscle protein synthesis, and to a lesser extent decrease in
muscle protein breakdown, permits positive net protein bal-
ance and consequent muscle fibre hypertrophy [17]. Whilst
the impact on hypertrophy of the reduction in energy intake
observed in the present study is unknown, it seems unlikely
it would significantly impair the process. Longland et al. [35]
restricted energy intake by ~40% during a 4-week resistance
training period whilst providing protein equivalent to 1.2 and
2.4 g/kg body mass in two separate groups, respectively. Over
the 4-week training period both groups lost ~3.5 kg of body
mass, but there was no change in lean mass in a group con-
suming 1.2 g/kg protein and a ~1.2 kg increase in lean mass
in a group consuming 2.4 g/kg protein. This suggests lean
mass can be augmented whilst in negative energy balance,
providing a high protein intake and resistance exercise are in
place, at least in non-resistance-trained males. The reduction

in energy intake after the whey protein drink in the present
study equates to ~3% of subject’s estimated daily energy
requirements. Given the findings of Longland et al. [35],
the small reduction in energy intake observed after the whey
protein beverage in the present study is unlikely to adversely
affect the augmentation of lean mass.

The proximity of the ad libitum meal to the post-exer-
cise drink is relatively close within the current investiga-
tion, and it would be interesting to see whether the reduc-
tion in energy intake would remain at a more distal time
point. The average time interval for voluntary meal requests
has been suggested to occur ~80 min after the termination
of exercise [36], which is similar to the 65 min used in the
present study. Furthermore, the present study only exam-
ined a single post-exercise meal and as such future inves-
tigations should track energy intake responses over longer
periods, as well as including measurements of other com-
ponents of energy balance (i.e. resting and physical activ-
ity energy expenditure). Finally, as the subjects used in the
present study were experienced with resistance exercise,
these results might not translate to those at the start of a
resistance training programme.

To conclude, when a whey protein isolate drink was con-
sumed after resistance exercise in lean men experienced
with resistance exercise, in an amount known to maximise
muscle protein synthesis, there was a reduction in subse-
quent energy intake at a single ad libitum meal compared
to an energy-matched carbohydrate drink. The reduction in
energy intake was modest (430 kJ), and may have been par-
tially mediated by a reduction in eating rate, as well as the
sensory characteristics of the drink. Whilst this reduction
in energy intake is unlikely to impair the energy provision
required to optimise muscle hypertrophy, it may be benefi-
cial for those individuals seeking to reduce body fat.

Acknowledgements The authors would like to thank Volac Interna-
tional Ltd for providing the whey protein isolate used in this study.

Compliance with ethical standards

Conflict of interest LJJ has previously received funding from Volac
International, which was in no way linked to the present study. LJJ
has previously received honoraria from the dairy industry for presenta-
tions given at meetings/conferences. PLSR and EJS have previously
received funding from the dairy industry for their research, which was
in no way linked to the present study. EJS has previously received
honoraria from the dairy industry for presentations given at meetings/
conferences.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://crea-
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Eur J Nutr

References

1.

10.

11.

12.

13.

14.

15.

17.

Donnelly JE, Blair SN, Jakicic JM, Manore MM, Rankin JW,
Smith BK (2009) American College of Sports Medicine Position
Stand. Appropriate physical activity intervention strategies for
weight loss and prevention of weight regain for adults. Med Sci
Sports Exerc 41:459-471

Phillips SM (2014) A brief review of critical processes in exer-
cise-induced muscular hypertrophy. Sports Med 44:71-77

Tang JE, Moore DR, Kujbida GW, Tarnopolsky MA, Phillips
SM (2009) Ingestion of whey hydrolysate, casein, or soy pro-
tein isolate: effects on mixed muscle protein synthesis at rest
and following resistance exercise in young men. J Appl Physiol
107:987-992

Witard OC, Jackman SR, Breen L, Smith K, Selby A, Tipton KD
(2014) Myofibrillar muscle protein synthesis rates subsequent to
a meal in response to increasing doses of whey protein at rest
and after resistance exercise. Am J Clin Nutr 99:86-95

Poppitt SD, McCormack D, Buffenstein R (1998) Short-term
effects of macronutrient preloads on appetite and energy intake
in lean women. Physiol Behav 64:279-285

Astbury NM, Stevenson EJ, Morris P, Taylor MA, Macdon-
ald TIA (2010) Dose-response effect of a whey protein preload
on within-day energy intake in lean subjects. Br J Nutr
104:858-1867

Burd NA, West DW, Moore DR, Staples AW, Tang JE, Rennie
MJ, Baker SK, Phillips SM (2011) Enhanced amino acid sen-
sitivity of myofibrillar protein synthesis persists for up to 24 h
after resistance exercise in young men. J Nutr 141:568-573
Clayton DJ, Stensel DJ, Watson P, James LJ (2014) The effect of
post-exercise drink macronutrient content on appetite and energy
intake. Appetite 82:173-179

Stunkard AJ, Messick S (1985) The three-factor eating question-
naire to measure dietary restraint, disinhibition and hunger. J
Psychosom Res 29:71-83

Durnin JV, Womersley J (1974) Body fat assessed from total
body density and its estimation from skinfold thickness: meas-
urements on 481 men and women aged from 16 to 72 years. BrJ
Nutr 32:77-97

Mifflin MD, St Jeor ST, Hil LA, Scott BJ, Daugherty SA, Koh
YO (1990) A new predictive equation for resting energy expendi-
ture in healthy individuals. Am J Clin Nutr 51:241-247

Flint A, Raben A, Blundell JE, Astrup A (2000) Reproducibility,
power and validity of visual analogue scales in assessment of
appetite sensations in single test meal studies. Int J Obes 24:38-48
Hall KD, Sacks G, Chandramohan D, Chow CC, Wang YC,
Gortmaker SL, Swinburn BA (2011) Quantification of the effect
of energy imbalance on bodyweight. Lancet 378:826-837
Speakman JR, Levitsky DA, Allison DB, Bray MS, de Castro
IM, Clegg DJ, Clapham JC, Dulloo AG, Gruer L, Haw S, Hebe-
brand J (2011) Set points, settling points and some alternative
models: theoretical options to understand how genes and envi-
ronments combine to regulate body adiposity. Dis Models Mech
4:733-745

Gregersen NT, Flint A, Bitz C, Blundell JE, Raben A, Astrup A
(2008) Reproducibility and power of ad libitum energy intake
assessed by repeated meals. Am J Clin Nutr 87:1277-1281
Broom DR, Batterham RL, King JA, Stensel DJ (2009) Influence
of resistance and aerobic exercise on hunger, circulating levels of
acylated ghrelin, and peptide YY in healthy males. Am J Physiol
Regul Integr Comp Physiol 296:29-35

Volek JS, Volk BM, Gémez AL, Kunces LJ, Kupchak BR, Frei-
denreich DJ, Aristizabal JC, Saenz C, Dunn-Lewis C, Ballard
KD, Quann EE (2013) Whey protein supplementation during
resistance training augments lean body mass. J Am Col Nutr
32:122-135

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

. Bowen J, Noakes M, Clifton PM (2006) Appetite regulatory

hormone responses to various dietary proteins differ by body
mass index status despite similar reductions in ad libitum energy
intake. J Clin Endocrinol Metab 91:2913-2919

Bowen J, Noakes M, Trenerry C, Clifton PM (2006) Energy
intake, ghrelin, and cholecystokinin after different carbohy-
drate and protein preloads in overweight men. J Clin Endocrinol
Metab 91:1477-1483

Veldhorst M, Smeets AJPG, Soenen S, Hochstenbach-Waelen A,
Hursel R, Diepvens K, Westerterp-Plantenga M (2008) Protein-
induced satiety: effects and mechanisms of different proteins.
Physiol Behav 94:300-307

Dove ER, Hodgson JM, Puddey IB, Beilin LJ, Lee YP, Mori TA
(2009) Skim milk compared with a fruit drink acutely reduces
appetite and energy intake in overweight men and women. Am J
Clin Nutr 90:70-75

Poppitt SD, Proctor J, McGill AT, Wiessing KR, Falk S, Xin L,
Budgett SC, Darragh A, Hall RS (2011) Low-dose whey protein-
enriched water beverages alter satiety in a study of overweight
women. Appetite 56:456—464

Bertenshaw EJ, Lluch A, Yeomans MR (2008) Satiating effects
of protein but not carbohydrate consumed in a between-meal
beverage context. Physiol Behav 93:427-436

Rumbold P, Shaw E, James L, Stevenson E (2015) Milk con-
sumption following exercise reduces subsequent energy intake in
female recreational exercisers. Nutrients 7:293-305

Yeomans MR, Chambers L (2011) Satiety-relevant sensory qual-
ities enhance the satiating effects of mixed carbohydrate-protein
preloads. Am J Clin Nutr 94:1410-1417

Hogenkamp PS, Stafleu A, Mars M, Brunstrom JM, de Graaf C
(2011) Texture, not flavor, determines expected satiation of dairy
products. Appetite 57:635-641

McCrickerd K, Chambers L, Brunstrom JM, Yeomans MR
(2012) Subtle changes in the flavour and texture of a drink
enhance expectations of satiety. Flavour 1(20):1-11

Bertenshaw EJ, Lluch A, Yeomans MR (2013) Perceived thick-
ness and creaminess modulates the short-term satiating effects of
high-protein drinks. Br J Nutr 110(03):578-586

Teff KL (2010) Cephalic phase pancreatic polypeptide responses
to liquid and solid stimuli in humans. Physiol Behav 99:317-323
Robinson E, Almiron-Roig E, Rutters F, de Graaf C, Forde CG,
Tudur SC, Nolan SJ, Jebb SA (2014) A systematic review and
meta-analysis examining the effect of eating rate on energy
intake and hunger. Am J Clin Nutr 100:123-151

Bolhuis DP, Ford CG, Cheng Y, Xu H, Martin N, de Graaf C
(2014) Slow food: sustained impact of harder foods on the reduc-
tion in energy intake over the course of the day. PLoS ONE
9(4):¢93370

Phillips SM, Tipton KD, Aarsland ASLE, Wolf SE, Wolfe RR (1997)
Mixed muscle protein synthesis and breakdown after resistance exer-
cise in humans. Am J Physiol Endocrinol Metab 273:99-107

Moore DR, Robinson MJ, Fry JL, Tang JE, Wilkinson SB, Prior
T, Tarnopolsky MA, Phillips SM (2009) Ingested protein dose
response of muscle protein and albumin synthesis after resist-
ance exercise in young men. Am J Clin Nutr 89:161-168

Biolo G, Tipton KD, Klein S, Wolfe RR (1997) An abundant
supply of amino acids enhances the metabolic effect of exercise
on muscle protein. Am J Physiol Endocrinol Metab 273:122-129
Longland TM, Oikawa SY, Mitchell CJ, Devries MC, Phillips
SM (2016) Higher compared with lower dietary protein dur-
ing an energy deficit combined with intense exercise promotes
greater lean mass gain and fat mass loss: a randomized trial. Am
J Clin Nutr 103:738-746

King JA, Wasse LK, Stensel DJ (2013) Acute exercise increases
feeding latency in healthy normal weight young males but does
not alter energy intake. Appetite 61:45-51



	Whey protein consumption after resistance exercise reduces energy intake at a post-exercise meal
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Subjects
	Familiarisation trial
	Pre-trial standardisation
	Experimental trials
	Resistance exercise
	Ad libitum meal
	Post-exercise drink
	Subjective appetite questionnaire
	Drink characteristics questionnaire
	Data analysis

	Results
	Pre-trial measurements
	Ad libitum meal
	Drink perception
	Subjective appetite ratings
	Detection of study drinks

	Discussion
	Acknowledgements 
	References




