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Abstract

The aim of the present work was to investigate the effects of eggs consumed for lunch on satiety, satiation and subsequent energy
intake at the next meal. Thirty-one healthy male and female subjects participated in a randomized, three-way, crossover study.
Following consumption of a standard breakfast, participants were asked to consume three isocaloric test lunches: omelette,
jacket potato and chicken sandwich. Subjective measures of satiety were recorded using visual analog scales at regular intervals
throughout the day. Energy intake at the next meal was assessed 4 h after lunch with an ad libizum meal. The egg lunch showed a
significantly stronger satiating effect compared with the jacket potato meal. No effect on energy intake was seen. These data
indicate that consumption of an omelette meal consumed at lunch could increase satiety to a greater extent than a carbohydrate

meal and may facilitate reduction of energy consumption between meals.
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Introduction

Obesity is considered a public health issue, with
average body weights increasing worldwide. It is
currently thought that approximately 1.6 billion
people are overweight, of which almost 400 million
are obese (Malterud and Tonstad 2009). This increase
has been observed in all age groups and ethnicities,
with the prevalence of obesity in the USA and the UK
currently around 34% and 20%, respectively (Flegal
et al. 2010). Being overweight and obese increases the
risk of cardiovascular disease, which is currently one
of the main causes of premature death in the UK
(British Heart Foundation 2010). This is due to the
association of obesity with a number of risk factors for
cardiovascular disease including hypertension, type 2
diabetes and dyslipidemia. Although the mechanisms
involved are complex, involving hormonal, genetic,
and metabolic processes as well as environmental and
behavioral factors (Westerterp-Plantenga and Lejeune
2005, Tremblay et al. 2007), the major causes of
obesity are considered to be excessive energy intake

and insufficient physical activity. The control of energy
intake is vital for body weight control, with satiety (the
feeling of fullness following food consumption)
contributing to a complex system of appetite control
that regulates how much we consume. Thus, highly
satiating foods could represent useful tools for weight
management. Indeed, studies on different isocaloric
breakfasts have found that as satiety increases, energy
intake at the next meal decreases (Holt et al. 2001,
Leidy et al. 2007, Paddon-Jones et al. 2008, Benelam
2009).

It is well established that different foods exert
different effects on satiety, with protein thought to
be the most satiating macronutrient, followed by
carbohydrate and then fat (Poppitt et al. 1998).
Specifically, there is evidence that increasing the
amount of dietary protein, while controlling total
energy intake, may improve weight management and
facilitate fat loss (Layman 2004, Westerterp-Plantenga
et al. 2004, Layman et al. 2005). Several studies have
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demonstrated that protein has a stronger effect on
satiety than equivalent quantities of energy from other
macronutrients (Lleidy et al. 2007, Mahon et al. 2007,
Paddon-Jones et al. 2008). The mechanisms involved
relate to increased thermogenesis, as a result of a
greater energy requirement for protein digestion and
absorption (Halton and Hu 2004). Other reasons why
some proteins may yield high satiety include delayed
gastric emptying, glucagon release, and release of gut
peptides (Batterham et al. 2006, Blom et al. 2006,
Karamanlis et al. 2007, Ma et al. 2009).

Eggs are a key source of macronutrients and
micronutrients, with protein representing approxi-
mately 35% of their total energy content. Therefore the
inclusion of eggs in the diet should be recommended;
however, increased egg consumption has previously
been advised with caution due to the cholesterol
content of eggs. Research over the past decade has
shown no correlation between cholesterol consump-
tion and risk of coronary heart disease or stroke, and
this is no longer considered to be a causative factor in
coronary heart disease through its association with
serum cholesterol (Hu et al. 1999, Nakamura et al.
2006, Gray and Griffin 2009). In relation to satiety,
consumption of eggs at breakfast has previously been
shown to correlate with greater satiety scores and
reduction of short-term energy intake (Holt et al. 1995,
Vander Wal et al. 2005, 2008, Ratliff et al. 2010).
Although the effects of eggs consumed at breakfast on
satiety have been investigated, equivalent studies
investigating consumption at lunch have not been
conducted. We predict that consumption of eggs at
lunch will produce similar, if not the same, satiating
effects as when consumed at breakfast. This will be
assessed using subjective ratings of satiety and
subsequent energy intake at the next meal.

Methods
Subjects

The study was submitted to and approved by Kent
Research Ethics Committee (LREC reference:
09/H1101/83). Subjects identified from Leatherhead
Food Research’s volunteer database and the surround-
ing community were initially screened according to the
inclusion/exclusion criteria stipulated in Table I. Based
on previous power calculations (Flint et al. 2000), 35
participants were recruited and 31 completed the
study. Potentially eligible participants were invited to
an information session and informed consent was
obtained.

Study design

This was a randomized controlled study, in which
consumption of three different lunches was tested
following a double Latin square randomized crossover
design, with a 1-week washout period between each
test day. Before the start of each session, subjects were
asked to maintain their normal lifestyle and consume
their evening meal no later than 20:00 h. On the first
test day, subjects arrived at 08:30h in the morning
following an overnight fast, and were asked to dispense
their own habitual portion of cornflakes and semi-
skimmed milk for breakfast. This was weighed and
recorded and the same amount was provided to them
in the following sessions. Four hours after breakfast,
participants were provided with one of the three test
lunches and were given 20 min to completely finish
eating them. Four hours later, energy intake was
assessed by providing participants with an ad Lbitum
portion of pasta for their evening meal. Consumption
of water or black tea/coffee was permitted during the
day, and the amount was recorded on the first session
and repeated to ensure consistency throughout the

Table I. Inclusion and exclusion criteria for the present study.

Inclusion criteria
Age at start of the study =20 and =60 years
Body mass index =18.5 and =25 kg/m?

Apparently healthy: measured by questionnaire: no reported current or previous metabolic diseases or chronic gastrointestinal disorders
Reported dietary habits: no medically prescribed diet, no slimming diet, used to eat three meals a day, macro-biotic or biologic dynamic

food habits

Used to eating cereal for breakfast

No blood donation during the study

Reported intense sporting activities = 10 h/week

Reported alcohol consumption =21 units/week (female) or =28 units/week (male)

Informed consent signed

Recruitment form filled out
Exclusion criteria

Smoking

Dislike, allergy or intolerance to test products (egg, dairy or chicken)

Possible eating disorder (measured by sick/control/one/fat/food questionnaire)
Not high or very high restrained eaters (=15 according to Polivy et al. (1978)
Reported lactating (or lactating < 6 weeks ago), pregnant (or pregnant < 3 months ago) or wish to become pregnant during the study

Reported medical treatment that may affect eating habits/satiety

Reported participation in another biomedical trial 1 month before the start of the study
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study. During the study period, visual analog scale
(VAS) ratings for ‘how strong is your desire to eat’,
‘how full do you feel’, ‘how much do you think you can
eat’ and ‘how hungry do you feel’ were answered at
30-min intervals, commencing immediately prior to
consumption of the test lunch (z= 0min) and
finishing after the ad hbitum dinner (z= 240min).
The VAS ratings are validated tools as reported by
Flint et al. (2000). VAS scales were anchored at the
low end with the lowest intensity feelings (e.g. not at
all), and with opposing terms at the high end (e.g. very
high) (see Figure 1). Subjects were asked to indicate
which place on the scale best reflected their feeling at
that moment. Ratings were then quantified by
measuring the distance from the left end of the line
to the mark. In addition, subjects were also asked to
record VAS values for product liking immediately after
consumption of test meals.

Test foods and ad libitum food intake

The three test lunches were isocaloric (~ 1,466 K]/
350 kcal) and consisted of: a two-egg omelette
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(produced using Micromark omelette express maker
MMO9878; Micromark), a slice of buttered bread and a
side salad (meal O); a jacket potato with cheddar cheese
and a side salad (meal P); and a chicken and
mayonnaise sandwich with a side salad (meal C).
Meal P was chosen as an example of a carbohydrate-
rich hot meal, whereas meal C was considered as an
alternative source of dietary protein, similar to that
provided by meal O. The nutritional content of all three
lunches is shown in Table II. For the ad libitum dinner,
volunteers were provided with a large portion
(~1.4kg) of pre-weighed food (pasta with a tomato
and cheese sauce). Volunteers were instructed to
remain seated and silent for a 30-min period and were
asked to eat until ‘comfortably full’. Their food
consumption was measured and the energy intake
calculated.

Statistical analysis

Statistical analysis was performed using STATA,
version 10 (StataCorp LP, College Station, TX,
USA) and Microsoft Excel (Redmond, WA, USA).

How strong is your desire to eat?

Very Weak |

| Very Strong

How full do you feel?

Not at all full |

| Extremely full

How much do you think you can eat?

Nothing at all |

| Alot

How hungry do you feel?

Not hungry at all |

| Have never been

hungrier

Figure 1. Scheme for VAS scales.

Table II. Nutrient composition of the test lunches consumed.

Lunch consumed

Nutrition Egg

Potato Chicken sandwich

Energy (kcal) 351

Protein (g) (% energy) 20.7 (24%)
Carbohydrate (g) (% energy) 16.2 (18%)
Fat (g) (% energy) 22.7 (58%)

353 350

14.5 (16%) 19.2 (22%)
48.7 (55%) 30.0 (34%)
11.2 (29%) 17.1 (44%)
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In order to determine which statistical test to use,
normality of the data was addressed using gamma-3
and gamma-4 distribution parameters. To analyze the
differences in energy intake during the ad libitum meal,
paired z-tests were applied. With respect to the impact
of the various lunches on VAS scores, changes in
scores per person per time interval were calculated by
subtracting the scores at each time interval from the
paired observation obtained at time 0 min. Paired VAS
data were recorded as delta results (change in
outcome) per person per time interval. These data
were analyzed in two ways: plotting mean data
points * standard error of the mean (SEM) for each
test meal over time; or analysis of variance (ANOVA),
fitting the model by F-test and stepwise multiple
regression (Kleinbaum et al. 1998, Armitage et al.
2002). For ANOVA and regression analysis, the
following model was applied:

Ay = (a1) X dummy + (ay) X time + (a3)
X dummy X time + (ag) (1)

in which Ay is the difference in outcome between an
outcome at a specific time interval to that at the start;
time is the interval after the start; dummy is the control
sample (one particular type of lunch, taking the value
‘0’), versus test sample (other type of lunch, taking the
value ‘1°); a;—as are coefficients in the model; and ayis
the rest coefficient.

Using the above-explained methodology, not only
the difference in VAS scores over the entire interval
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can be analyzed between the various lunches (as
presented by the dummy) but also the difference in a
potential time-dependent effect (as presented by time
x dummy). Throughout the study, two-tailed statisti-
cal analysis was performed, and P < 0.05 was
considered significant.

Results

Of the 35 recruited participants, three withdrew at the
start of the study for non-study-related reasons, while
one failed to complete all three sessions. Of the
remaining 31 participants (10 male and 21 female),
the mean * standard deviation age and body mass
index were 37.5 = 9.97 years and 22.5 * 2.0 kg/m?,
respectively. VAS values (mean = SEM) for ‘product
liking’ of meals O (73.2 £ 3.8), P (78.7 = 3.8) and C
(82.4 = 2.5) showed no significant differences in
preference between meals O versus P and meals P
versus C. However, a significant difference in liking
was observed between meals O versus C.

Mean VAS scores over time

The mean subjective ratings (£ SEM) at each time
point for the three test products in response to the four
satiety questions (desire to eat, levels of fullness
‘feelings of hunger’ and ‘prospective food consump-
tion’) are reported in Figure 2. The results of the
regression analysis on all four questionnaires are
presented in Table III. The various VAS values for all
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Figure 2. VAS ratings after test food consumption: (a) desire to eat, (b) fullness, (c) prospective food consumption and (d) hunger. Values

expressed as the mean = SEM for n = 31.
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Table ITI.  VAS scores: results of the stepwise regression analysis.
ANOVA
Dummy Time Dummy x Time (model)

Combination Coeff. P Coeff. P Coeff. P Rest coeff. F P
How strong is your desire to eat?

Ovs. P 5.625 0.01 0.208 0.000 -57.756 88.9 0.000

Ovs. C 0.207 0.000 -56.144 183.2 0.000

Pvs. C 0.197 0.000 -52.076 173.0 0.000
How hungry do you feel?

Ovs. P 0.214 0.000 -56.985 178.5 0.000

Ovs. C 0.212 0.000 -56.996 174.5 0.000

Pvs. C 0.191 -53.140 165.8 0.000
How full do you feel?

Ovs. P -6.629 0.002 -0.184 0.000 52.072 76.5 0.000

Ovs. C -0.193 0.000 51.419 132.6 0.000

Pvs. C -0.171 0.000 45.120 127.1 0.000
How much do you think you can eat?

Ovs. P 4.387 0.026 0.182 0.000 -52.562 84.3 0.000

Ovs. C 0.186 0.000 -51.340 152.0 0.000

Pvs. C 0.174 0.000 —47.486 159.2 0.000

The coefficients and subsequent P values are shown for the optimal model explaining the outcome between two various lunches. Coeff.,

coefficient.

four measures were consistently higher (more out-
spoken) for meal O than observed for meal P or
C. Within the conditions of the present study,
consumption of meal O resulted in a significantly
(P = 0.01) lower desire to eat, significantly (P = 0.002)
higher feeling of fullness and a significantly (P = 0.026)
lower estimation of how much the subjects thought they
could eat compared with meal P (Table III). There was
a very significant (P < 0.0001) effect by time on all of
the VAS questions. A major observation was the
absence of any lunch type x time effect, which means
that over the complete interval as used in the present
study the difference in VAS scores remained constant
between the various lunches consumed. A difference
gained at the start remained for the complete 2 h.

Energy intake at the next meal

The total energy consumed during the ad libitum meal
4 h after consumption of the test product is shown in
Table IV. No significant differences in energy
consumption were observed for participants consum-
ing any of the three lunches.

Discussion

The consumption of eggs at breakfast has previously
been associated with increased weight loss in

Table IV. Energy intake at the next meal.

Lunch consumed Energy consumption

Omelette (O)
Jacket potato (P)
Chicken sandwich (C)

3,820 = 1,097Kk] (913 * 262 kcal)
3,594 * 1,087Kk] (859 * 260 kcal)
3,808 = 1,105k] (910 = 264 kcal)

Data presented as the mean *+ standard deviation.

overweight and obese subjects (Vander Wal et al.
2008). As the control of body weight is influenced by
satiety, the present study aimed to determine whether
consumption of eggs at lunch had a significant effect on
satiety. Using ANOVA/regression analysis, we demon-
strate significantly greater satiety levels in healthy
normal weight individuals after consuming eggs for
lunch (meal O) when compared with the potato test
meal (P). This finding was also observed in the analysis
of mean VAS values plotted over time, where increased
levels of fullness were found up to 60min after
consumption of meal O in comparison with meal
P. These results are comparable with the previously
reported effects of eggs on satiety when consumed for
breakfast (Vander Wal et al. 2005, Ratliff et al. 2010).
However, our findings showed that increased satiety
after consumption of eggs at lunch may be relatively
short-lived (lasting up to 1h), suggesting beneficial
effects may be in the form of reducing the urge to snack
between meals, rather than the reduction of energy
intake at dinner. This hypothesis was supported by the
statistically equal energy intake observed during the ad
libitum dinner, irrespective of the test lunch consumed.
Many other factors can cause the cessation of a meal,
including environmental and emotional cues, which
may result in people eating more in a subsequent meal
(Blundell 2010). This is mirrored in many other satiety
studies, whereby a reduction in energy intake at the
next meal is not observed despite significant differ-
ences in VAS scores (Diepvens et al. 2008, Benelam
2009, Veldhorst et al. 2009). Subjects were allowed to
drink water during the study period, which could have
affected their feelings of hunger; however, the amount
consumed by each individual was repeated during each
visit to ensure consistency and avoid any differences
this may have caused. The observed increases
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subjective feelings satiety after consumption of meal O
compared with meal P was accompanied with a
decrease in desire to eat in our ANOVA/regression
analyses. Again, this finding agrees with previous
studies on the effects of consumption of eggs for
breakfast. Together, these data suggest that the
satiating effects of eating eggs apply when consumed
at lunch as well as at breakfast, supporting the growing
body of evidence indicating that eggs could form an
important part of a diet aimed at controlling body
weight.

Many trials have investigated the comparison
between high-protein, low-carbohydrate diets and
low-fat, high-carbohydrate diets, with greater weight
losses observed in high-protein diets (Brehm et al.
2003, Yancy et al. 2004, Nickols-Richardson et al.
2005, Larsen et al. 2010, Papadaki et al. 2010). In
general, most studies have shown that sufficiently high
levels of protein have a stronger effect on satiety
compared with equivalent energy derived from other
macronutrients (Benelam 2009). This could explain
the higher levels of fullness obtained in the present
study with meal O compared with a carbohydrate-
based lunch, such as meal P. This trend mirrors the
majority outcome of the analysis by Halton and Hu
(2004) of 15 acute crossover studies looking at the
effects of high-protein and low-protein meals of equal
caloric value, where over one-half showed a significant
decrease in food intake after the high-protein meal.
Interestingly, no significant differences in satiety were
observed between meal C and meal O or P. This could
be considered surprising, as meals O and C contained
equal amounts of protein; however, the levels of both
carbohydrate and lipid in these two meals were very
different. It is unclear from this study whether this
effect is a result of the differing levels of carbohydrate,
or more probably lipid (having an effect on gastric
retention times) or the type of protein. This has been
noted in other studies looking at the effect of different
proteins on satiety (Uhe et al. 1992, Borzoei et al.
2006). Borzoei et al. found a non-significant increase
in satiety and a significant decrease in energy intake
after consumption of a fish meal compared with a beef
meal. Other studies have compared different types of
isolated protein on satiety and have given inconsistent
results (Lang et al. 1999, Hall et al. 2003, Anderson
et al. 2004). Although not statistically significant,
there is a clear trend for meal O to be more satiating
than meal C when looking at subjective responses of
desire to eat and fullness. Significant differences in
palatability were observed between the two protein
meals, with meal O being less palatable than meal
C. This may therefore have had an influence on the
subject’s VAS scores. Palatable stimuli act on hedonic
pathways in the brain, stimulating the drive to
consume greater quantities and more frequently
(Berthoud 2007), therefore a less palatable meal (O)
may reduce the desire to eat and hence increase satiety.

Conclusion

The results presented here suggest that consumption
of eggs for lunch has a stronger effect on satiety than
other typically consumed carbohydrate-based lunches,
and could represent a beneficial component of a diet
aimed at controlling weight. However, although
significant differences in VAS scores were achieved,
the physiological impact may well be limited. Follow-
up studies of a larger scale would be required to
determine the effect of mid-term to long-term
consumption of eggs at lunch on appetite and weight.
However, it is important to bear in mind that
regardless of how effective an ingredient may be in
enhancing satiety, people in real-life situations do not
always respond well to internal cues, and with a
constant increase in sedentary lifestyles, more is
required in order to help counteract the worldwide
obesity epidemic. Therefore, egg-based meals could be
part of a diet influencing feelings of satiety in
conjunction with other macronutrients or lifestyle
factors to elongate the beneficial effect over time.
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