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The effects of sucrose and oil preloads were explicitly compared in a single-blind controlled trial
using a between-subjects design. Eighty adult subjects (forty-three male, thirty-seven female)
aged 18–50 years received at 11.00 hours one of four yoghurt preloads. All were 80 g low-fat,
unsweetened yoghurt (188 kJ), containing additionally (1) saccharin (control, 23 kJ), or (2) 40 g
sucrose (859 kJ), (3) 40 g maize oil (1569 kJ), (4) 20 g sucrose, 20 g maize oil (1213 kJ). Subjects
were normal eaters and of normal weight (male mean weight: 68⋅8 (SD 3⋅2) kg, BMI 21⋅8
(SD 1⋅6) kg/m2; female mean weight: 53⋅7 (SD 5⋅1) kg, BMI 20⋅4 (SD 1⋅2) kg/m2). Food intake was
measured with a food diary and mood with ten single Likert scales. ANOVA was conducted using
preload type (saccharin, sucrose, oil, sucrose+oil), sex (male, female) and earlyv. late breakfast
times as factors. Mood was analysed using the same design, with time of rating (immediate,
60 min, 120 min) as an additional factor. Men ate more after the saccharin preload than after the
other preloads, but did not vary the time of their next solid food. Women increased the intermeal
interval only after the oil preload, which also had the highest energy content value, but did not
vary the energy content of their next solid food. The saccharin preload decreased rated tiredness
at 2 h compared with the sucrose preload, possibly due to its lower energy content. The preloads
containing sucrose or sucrose+oil increased calmness between 1 and 2 h afterwards, compared
with the saccharin preload. It is concluded that both sucrose and oil increase the intermeal interval
in men, but that women are less sensitive to preloading. The mood effects suggest that tiredness
after carbohydrate at 2 h may in part be a decrease in rated energy compared with the increased
rated energy found after a preload with low energy content. Carbohydrate may genuinely increase
calmness. These effects apply to non-restrained eaters of normal weight.

Food intake: Mood: Intermeal interval: Preloads

The typical British diet is high in fat and refined carbohy-
drates, relatively low in fibre, complex carbohydrates, fruit
and vegetables. A high-fat diet is implicated in the devel-
opment of CHD, some cancers, stroke, obesity and gastro-
intestinal disorders (Seeleyet al. 1985). There are several
barriers to reducing fat intake, including the following
ingestive phenomena. First, high-fat food can be extremely
palatable, particularly when it is mixed with sugars (Rolls,
1995). Lower-fat alternatives may be less palatable. Palat-
ability will not be examined in the present study. Second,
the rate of digestion tends to slow down as fat content
increases, which may affect the onset and duration of satiety
(Rolls, 1995). Lower-fat alternatives may be digested more
rapidly and hunger may return sooner. It can be difficult
experimentally to separate any specific satiating effects of
fats from the effects of their energy density; high-fat foods

tend also to be energy dense. Third, as will be reviewed, fat
and sugars may both, alone or in combination, affect
subjective mood.

Behavioural change after ingestion of specific macronu-
trients has been well documented in normal human subjects.
For example, many studies have compared the effects of
protein and fat, as well as protein and carbohydrate, on
satiety (e.g. Geliebter, 1979; Stockleyet al. 1984; de Castro,
1987; Rollset al. 1988; Teffet al. 1989; Vanderwater &
Vickers, 1996; Reid & Hetherington, 1997). There have also
been studies directly comparing the effects of carbohydrate
and fat on appetite (e.g. Rollset al. 1994; Hulshofet al.
1995; Rolls, 1995; Rolls & Hammer, 1995; Westerterp-
Plantengaet al. 1997). Generally, for isoenergetic loads
protein is more satiating than either fat or carbohydrate
(Booth et al. 1970; Hill & Blundell, 1986; Springet al.
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1986; Teffet al. 1989; Frenchet al. 1992). Fat may be less
satiating than carbohydrate, but this effect may be restricted
to the obese and restrained eaters (Rolls, 1995). It has also
been suggested that specific nutrients have a direct relation-
ship with mood. Decreased arousal and increased sleepiness
have been frequently reported after carbohydrate-rich foods
(Thayer, 1967; Liebermanet al. 1986a; Springet al. 1986;
Pivonka & Grunewald, 1990). Several studies have also
reported that fat reduces arousal (Lloydet al. 1994, 1996;
Wells et al. 1995; Wells & Read, 1996, 1997). However,
although many common foods are mixtures of fat and refined
carbohydrate relatively few studies have explicitly com-
pared the effects of carbohydrate and fat on both appetite
control and mood (e.g. Lloydet al. 1994, 1996; Wellset al.
1995). Even fewer studies have conducted a full comparison
of a preload high in carbohydrate or fat with fasting or a
placebo food. When comparing the effects of different
macronutrients on behaviour, a problem arises in choosing
a comparator, for there is no absolute baseline for mood or
appetite and not eating, or fasting, has effects on both and so
cannot be used as a ‘no treatment’ comparison. Further-
more, it is well known that virtually any intervention, even
complete placebo, is liable to make people feel different
(see Poulton, 1989), which intensifies the problem when
subjective state is being assessed, as one cannot assume that
changes from baseline are entirely a specific product of the
specific intervention.

While differential effects of different macronutrients on
mood have been reported, these tend to be small and a con-
sistent pattern has not been found across different studies
(Reid & Hammersley, 1995, 1998; Rogers, 1995). Before
accepting the effects of certain nutrients on appetite and
mood, it is perhaps necessary to separate experimentally the
following psychological effects from physiological effects
of nutrients: (1) effects of the act of eating, particularly
of eating nutrients other than carbohydrate; (2) effects of
knowledge and expectations about what one is eating, and
(3) effects of time of day, including the post-lunch circadian
dip. It is also necessary to consider (4) sex differences, as
men eat more than women (and hence may be less sensitive
to a given preload intervention) and may also eat differently.

Regarding (1), as previously mentioned, there have been
relatively few studies which compare the effects of carbo-
hydrate and fat on mood and appetite in the same study.
Furthermore, as Drewnowski (1987) pointed out, some pre-
vious work on carbohydrate has used high-carbohydrate
food with a substantial uncontrolled fat content. The study
reported here explicitly compares the effects of fat and
carbohydrate, alone and in combination.

Regarding (2), in an attempt to control psychological
factors, our previous studies (Reid & Hammersley, 1994,
1995, 1998) administered sucrose preloads using a between-
subjects, blind design, with saccharin placebos, and assessed
eating and mood in everyday life, rather than in controlled
laboratory conditions. Results showed that sucrose ingestion
increased the intermeal interval at both 09.30 hours and
11.00 hours. Subjects who had ingested sucrose did not eat
until about 2 h after the preload, whereas most subjects who
had ingested placebo ate within the next 2 h. The energy
content of meals was unaffected. It may be that sucrose has
different satiating effects when ingested with fat.

Additionally, with regard to (3), previous studies that
have reported significant effects of carbohydrates on mood
have generally been conducted at about lunchtime (Spring
et al. 1986; Smith & Leekam, 1988; Craig & Richardson,
1989); it is, however, likely that effects on mood vary with
time of day (Craig, 1986) and previous diet. It may be that
because more people habitually consume lunch than break-
fast, effects of a controlled meal are more marked at
lunchtime. This may in part be attributable to endogenous
processes (Craig, 1986) rather than to the nutrientper se,
as well as to the extent of fasting. It is possible, for example,
that the effects of carbohydrate (or fat) on mood interact
with the circadian post-lunch dip (Smith & Leekam, 1988).
Perhaps the effects of lunch are most marked at the time
when the dip would be expected, but do not occur con-
sistently over time. As well as comparing fat and carbo-
hydrate, the study reported here gave preloads at 11.00
hours, that is, between meals rather than at breakfast or
lunchtime.

Finally (4), regarding sex differences, in two previous
studies (Reid & Hammersley, 1994, 1995) we found that
although a sucrose preload did not in itself affect the energy
content or carbohydrate content of the next meal, men and
women differed in their carbohydrate and energy intakes.
Women were more likely to select foods that were lower in
energy and carbohydrate content than men, irrespective of
their body weight and whether they had received sucrose
or not. In the earlier study (Reid & Hammersley, 1994)
men tended to eat and drink early to make up for having
missed breakfast due to participating in the experiment.
Such sex differences may be attributable to both physio-
logical factors and psychological differences between men
and women.

Another issue considered for the current study is how
mood should be measured. Available measures of mood
tend to be multidimensional and most studies have used
more than one measure in an attempt to be comprehensive.
The wide range of measures used complicates data analysis
and increases the chances of falsely rejecting the null
hypothesis. Another practical problem that we have found
in previous studies (Reid & Hammersley, 1994, 1995, 1998)
is that subjects experience considerable test fatigue if asked
to rate multiple items repeatedly over a period of hours.
Furthermore, it has never been demonstrated that the mood
ratings most widely used in nutrition research (McNairet al.
1971; Bond & Lader, 1974; Herbertet al. 1976; Thayer,
1978, 1986, 1987; Thayeret al. 1994) are valid when used
repeatedly over a period of hours, rather than over 24 h
or more which is what they were primarily designed for.
Hammersleyet al. (1993) have shown that using nine Likert
items is a valid method of measuring mood when used
repeatedly over brief time periods and this approach was
repeated here.

The aim of the present study was to compare the effects of
fat and carbohydrate on eating behaviour and mood after
preloads given at 11.00 hours, using a design and method
aimed at separating the physiological effects of digesting fat
and carbohydrate from psychological effects brought about
by confounding factors including the act of eating, expecta-
tions about the effects of different foods, the time of day and
test fatigue.
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Methods

Design

In a randomized between-subjects design subjects were
given blind at 11.00 hours one of four yoghurt preloads,
comprising a control preload with added saccharin only, a
high-carbohydrate preload with added sucrose, a high-fat
preload with added maize oil, or a mixed preload with added
sucrose and maize oil. Full details of the preloads are given
later. Mood was monitored for 2 h afterwards and food
consumption was recorded in hourly diaries until sleep
that night.

Subjects

Eighty subjects (forty-three males, thirty-seven females)
aged 18–50 years took part in the study and were recruited
from places of employment in Dundee and Glasgow. Table
1 shows subject characteristics. Volunteers were requested
to complete the eating disorder inventory (Garner, 1990), a
standardized self-report measure which consists of eight
subscales related to specific behavioural and psychological
dimensions important in anorexia nervosa and bulimia.
Whilst no subjects were overweight, some subjects were
slightly underweight (see Table 1), however, only subjects
scaling within 20 % of eating disorder inventory weight
norms for their age, sex and height were included in the
study. All subjects were requested to have whatever break-
fast they would normally consume. Subjects were informed
that they were taking part in a food study that was investi-
gating the effects of certain food properties on human
behaviour. They were requested to eat as normal before
and after the test food on the experimental day. Diaries
showed no evidence of unusual eating patterns either before
or after the test food. Subjects were informed in advance
that they would receive a yoghurt and that to control sensory
and olfactory cues anaesthesia and nose clips would be
employed. Subjects were randomly assigned to treatment
conditions.

Preloads

In our previous research on sucrose (Reid & Hammersley,
1994, 1995, 1998), we used liquid preloads. Here, in order to
emulsify the oil, low-fat, unsweetened yoghurt was used as
the medium instead. The yoghurt was kept refrigerated and

80 g was then weighed into a small plastic container, to
which was added one of the following: (1) saccharin only
(4⋅34 g), or (2) 40 g sucrose (giving a total of 90 % energy as
carbohydrate), or (3) 40 g maize oil (giving a total of 90%
energy as fat), or (4) 20 g sucrose and 20 g maize oil (giving
37 % energy as carbohydrate, 59 % energy as fat). Table 2
shows the nutrient content of the preloads, which contained
the same weight of sucrose or oil but were not completely
isoenergetic. Preloads were mixed thoroughly. Pilot work
(Reid, 1995) showed that all preloads were palatable and
did not produce symptoms such as nausea, indigestion or
diarrhoea. Pilot research (Reid, 1995) also indicated that
residual sensory differences between the preloads were not
detectable after suppressing olfaction with nose clips, and
taste with anaesthesia of the mouth. This method was
modelled after Geliebter (1979).

Visual analogue scales

Ten 80 mm long visual analogue scales with an adjective at
each end were used to assess subjective mood state. The
content validity of the adjectives was produced as follows:
(a) Thayer’s (1978) two dimensions of arousal: (1) tired–
energetic, (2) restless–relaxed; (b) hedonic tone: (3) happy–
sad. This is agreed to be the second main dimension of mood
after arousal (Thayeret al. 1994), which may or may not
overlap with Thayer’s (1978) two dimensions. (c) Physical
state: (4) hungry–full, (5) thirsty–not thirsty, (6) intoxicated–
sober, (7) ill–well. These measures are obviously salient to
studies of ingestion and appetite. (d) Other emotions: (8)
angry–calm, (9) anxious–composed, (10) disgusted–satis-
fied. These measures describe emotions which can be dis-
criminated from facial expressions (see Frijda, 1986) and
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Table 1. Characteristics of the subjects used in the present study

(Mean values, standard deviations and ranges)

Male (n 43) Female (n 37)

Measure Mean SD Range Mean SD Range

BMI (kg/m2) 21⋅8 1⋅6 17⋅6–25⋅1 20⋅4 1⋅2 18⋅2–24⋅0
Weight (kg) 68⋅8 3⋅2 59⋅0–74⋅9 53⋅7 5⋅1 45⋅4–69⋅9
Height (m) 1⋅777 0⋅066 1⋅676–1⋅905 1⋅622 0⋅069 1⋅448–1⋅854
Age (years) 30⋅6 4⋅6 22–42 30⋅3 5⋅2 24–46
Daily energy intake (kJ) 8364 2586 3523–14 518 6393** 1992 2335–10 192
Daily fat intake (g) 82 35 12–171 63** 28 9–124
Daily carbohydrate intake (g) 238 82 95–436 178** 64 51–289

Mean values were significantly different from those for men: **P , 0⋅01.

Table 2. Nutrient content of yoghurt preloads containing saccharin,
sucrose, maize oil or sucrose +maize oil

Sucrose +
Preload … maize oil Sucrose Maize oil Saccharin

Total energy (kJ) 1213 858 1569 230
Fat (g) 20⋅6 0⋅6 40⋅6 0⋅6
CHO (g) 26⋅0 46⋅0 6⋅0 6⋅0
Fat (% energy) 58⋅8 2⋅4 89⋅6 9⋅0
CHO (% energy) 36⋅8 89⋅8 6⋅4 44⋅4
Protein (% energy) 5⋅3 7⋅8 4⋅0 46⋅6

CHO, carbohydrate.
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which are not included in the measures of arousal and
hedonic tone. The merits of this instrument are that it
is both brief and comprehensive in the sense of covering
all major established dimensions of subjective state. It is
assumed that if subjects feel a short-term change in mood,
then they should be able to represent this change on a single
visual analogue scale. It should be noted that this is different
from when subjects are attempting to rate their mood over a
longer time period, such as 24 h.

Procedure

At the initial interview subjects’ heights and weights were
recorded. All volunteers then completed the eating disorder
inventory (Garner, 1990) and the eating disorder inventory
symptom checklist (Garner, 1990) which provides data on
dieting, weight, exercise patterns and the frequency of
disordered eating symptoms. No subject scored above the
criteria for eating disorders. Each subject then rated their
mood using the mood questionnaire described earlier. Sub-
jects were issued a prospective hourly diary for 7 d, and
instructed to fast from breakfast to test on the experimental
day. All subjects were given clear instructions and training
(approximately 20 min) on how to complete the diary by
the experimenter, including the use of photographs of refer-
ence portion sizes, and were asked to record all food and
liquid intake for the week before testing (after Bone, 1992).
The diaries were used to monitor previous food intake and to
provide baseline data that would permit a comparison of
eating behaviour before and after the experiment. On the
morning of the experiment, subjects’ diaries were checked by
the experimenter for adequate completion and any problems
with data were clarified. Unweighed diaries are valid indices
of nutrient intake (within 15 %) as long as clear adequate
instructions about portion sizes and food names are given
(Karvetti & Knuts, 1992; De Castro, 1994; Geekie & Raats,
1995). They have been successfully used previously for
examining differences in intake (e.g. Reid & Hammersley,
1994, 1995, 1998; Steptoeet al. 1998; Bellisleet al. 1999).

Subjects returned at 11.00 hours on a scheduled day,
when they were randomly assigned to treatment conditions.
In order to depress taste and texture perception subjects were
asked to suck a benzocaine anaesthetic lozenge (Tyrozets,
containing 1 mg Tyrothricin and 5 mg Benzocaine) for
3 min before consumption of the test food; this produced a
mild anaesthesia of the mouth (after Millaret al. 1992).
Pilot research (Reid, 1995) indicated that this effect occurs
1 min into the sucking process and lasts approximately 30–
50 min. Subjects were also asked to wear nose clips whilst
eating the yoghurt to eliminate its aroma. At the same time,
they completed baseline visual analogue scales, which took
approximately 2 min. Subjects then received, blind, one of
the four yoghurt preloads summarized in Table 2. Preloads
systematically varied carbohydrate and fat content while
approximately matching energy content and orosensory
properties.

Subjects consumed the yoghurt in 10 min. The visual
analogue scales were administered again immediately after
subjects had finished the yoghurt. They were asked to
complete the scales 60 and 120 min after eating. They were
also instructed to self-complete yet another food diary which

was to be filled in over the next 24 h, using 1 h time slots.
Because the final 24 h diary was issued after 11.00 hours on
the test day the first few hours of the diary (before 11.00
hours) were completed retrospectively. At 2 d later when
subjects returned the results to the experimenter they were
asked if they had experienced any nausea or other unplea-
sant symptoms such as diarrhoea or constipation after eating
the yoghurt. No subject reported any such effect. Subjects
were finally debriefed in writing about the purpose of the
study.

Preliminary ANOVA comparing groups on baseline
measures showed that there were no baseline differences
in mood between groups, between sexes, or compared with
mood ratings the previous week. Initial ANOVA including
BMI as a covariate found no effects of BMI on eating
behaviour or mood and this variable was not included in the
analyses reported here. To control for individual differences,
mood scores after the preload were expressed as deviations
from baseline mood ratings.

Measures

From the 7 d diaries were extracted (1) mean breakfast time
(being the first hour of the day when solid food was con-
sumed); (2) mean lunch time (being the first hour after 11.00
hours when solid food was consumed).

From the 24 h diaries were extracted: (1) time of any solid
food, to the nearest hour, before the yoghurt preload. This
was referred to as breakfast; (2) energy content of any food
consumed before testing, calculated assuming standard por-
tion sizes from Davies & Dickerson (1991) and including all
foodstuff, solid and liquid (i.e. breakfast); (3) energy con-
tent of any beverages taken without solid food before testing
(calculations mainly involved the energy content of milk
and sugar consumed in tea or coffee); (4) time of next solid
food after the preload, to the nearest hour. A meal was
defined as all food and drink consumed within the first hour
period following the preload during which solid food was
consumed. It should also be noted that mean time of admin-
istration (11.00–11.15 hours) did not differ between groups;
(5) energy content of next solid food, including all solid and
liquid foodstuffs, consumed within the respective hour time
slot; (6) energy content of any beverages taken without solid
food after testing (again calculations mainly comprised the
energy content of milk and sugar consumed in tea or coffee).

Results

Eating behaviour

Preliminary analysis found that different experimental
groups had accidentally varied in their breakfast consump-
tion due to individual differences in breakfast choices. It
was therefore necessary to consider this as a factor in the
analyses of subsequent eating behaviour, so subjects who
had eaten breakfast were divided by a median split into
‘early breakfasters’, who had eaten it before 09.00 hours and
‘late breakfasters’ who had eaten between 09.00 and 11.00
hours, with ‘non-breakfasters’ as a third group. Time of the
next solid food after the test yoghurt and the meal’s energy
content were examined with two ANOVA using preload
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(saccharin, sucrose, oil, sucrose+oil), sex (male or female),
breakfast time (no breakfast, early, or late) as factors. This
‘next solid food’ is hereafter referred to as ‘lunch’, which
comprised all food and drink ingested during the first hour
when any solid food at all was eaten.

There was a marginal main effect of preload on time of
lunch (F [3,58] 2⋅6, P=0⋅063) with no other effects. The
energy content of lunch was affected by preload (F [3,58]
4⋅1, P, 0⋅05), sex (F [1,58] 14⋅9, P, 0⋅05) and time of
breakfast (F [2,58] 3⋅6, P, 0⋅05). There was also a signifi-
cant preload×sex interaction (F [3,58] 5⋅1, P, 0⋅05). All
the subjects who ate during the hour after preload (11.00
hours) were male, which probably explains the absence of a
significant difference between preloads for male subjects.
Fig. 1 shows these data. The trends are quite clear: subjects
who received saccharin mostly ate between 12.00 and 13.00
hours and all before 14.00 hours. Most subjects who
received one of the other preloads ate between 13.00 and
14.00 hours, some ate even later. A few men who received
oil or oil +sucrose ate between 11.00 and 12.00 hours.

Because of the sex differences, post-hoc comparisons
were made separately for men and women using one-way
ANOVA with preload as the factor and Tukey-HSD tests.
Among men, preload did not significantly affect lunch time,
but those who received saccharin consumed significantly
more energy at lunch than all other groups (Fig. 2). Among
women, preload significantly affected lunch time: those
who received the oil preload (also the highest in energy
content) ate significantly later than those who received
saccharin. However, there were no effects of preload on
the energy content of lunch (Fig. 2). Nonetheless, there was

a non-significant trend for the women who received oil or
oil +sucrose to eat more than those who received saccharin
or sucrose only.

Because of these sex differences, one-way ANOVA were
conducted comparing men and women on their total daily
fat, carbohydrate and energy intakes, as well as on the ratios
of fat and carbohydrate to total energy intake. Table 1 shows
the differences between men and women. However, when
fat and carbohydrate intakes were expressed as a proportion
of daily energy intake, the sex differences disappeared.
Thus, men ate more than women, but both ate the same
proportions of fat and carbohydrate.

Mood

Between-group comparisons. Mood scales were analysed
using repeated measures ANOVA with time of test (immedi-
ate, 60 min, 120 min) as the repeated measure and preload as
the independent variable. Separate analyses were conducted
for each mood scale because no theory predicts that food
should affect all mood scales consistently, but it is important
to check that predicted mood effects on calmness or tiredness
are not merely a function of some more general response
bias, or confounded with other mood changes. Averaged or
multivariate tests are reported depending on the significance
of the Mauchly sphericity test (following West, 1991). Sex
differences and the effects of breakfast timing were not
examined because previous research suggests that a cell size
of ten may be insufficiently powerful to detect mood changes
(Reid & Hammersley, 1995). Post-hoc comparisons were
made separately comparing the four groups at each time of
test (immediate, 60 min, 120 min), using one-way ANOVA
and Tukey tests.

Fig. 3 shows rated tiredness–energy. The only significant
effect was a preload× time of test interaction (F [6,152] 3⋅1,
P, 0⋅05). Compared with saccharin, by post-hoc Tukey
tests, subjects receiving the sucrose-only preload felt
more tired at 120 min, but there were no other significant
differences between groups, the oil and oil+sucrose groups
being intermediate between the sucrose and saccharin
groups.

451Food intake and mood after different preloads

Fig. 1. Effects of different yoghurt-based preloads on the timing of
lunch in male and female subjects. Preloads contained: (A), saccharin;
(r), sucrose; (K), maize oil; (B), maize oil +sucrose. Food consump-
tion was recorded in an hourly diary and ‘lunch’ was defined as
everything eaten and drunk in the first hour after the preload in which
any solid food was consumed.

Fig. 2. Energy content of lunch meals eaten by male (A) and female
(r) subjects after yoghurt-based preloads containing saccharin,
sucrose, maize oil or maize oil +sucrose. Values are means for
twenty subjects, with their standard errors represented by vertical
bars. Food consumption was recorded in an hourly diary and ‘lunch’
was defined as everything eaten and drunk in the first hour after the
preload in which any solid food was consumed.
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Fig. 4 shows rated anger–calmness. One subject had
missing data and was excluded from this analysis. There
was a main effect of preload (F [3,75] 5⋅5, P, 0⋅05) and a
main effect of time of test (F [2,74] 6⋅0,P, 0⋅05), as well as
a preload× time of test interaction (F [6,146] 2⋅6, P, 0⋅05).
Compared with saccharin, by Tukey tests at 60 min subjects
receiving sucrose preloads and oil+sucrose preloads both
felt calmer. At 120 min only subjects receiving oil and
sucrose together felt calmer than the saccharin group, with
no other significant differences between groups.

There were no effects on the remaining eight mood
scales. These included rated illness, confirming that none
of the preloads made subjects nauseous.

Post-hoc within-group comparisons. The interpretation
of Figs. 3 and 4 is not simple, because mood ratings tended to
change over time, even after saccharin. Post-hoc pairedt tests
(all 19 df, P, 0⋅002, corrected for multiple comparisons)

were conducted comparing raw tiredness and calmness
ratings with the respective baseline scores, separately for
each preload group. The saccharin group felt significantly
more energetic at 120 min and marginally (P=0⋅008) more
energetic immediately after the preload. The sucrose group
felt marginally (P=0⋅008) more energetic immediately after
the preload but did not differ from baseline thereafter.
Neither the oil group nor the oil+sucrose group differed
significantly from baseline and rated calmness never
differed from baseline.

Discussion

The present study found significant differences between
preloads of differing nutrient composition on subsequent
food intake and mood. The following specific effects were
found. (1) Men ate less after any preload containing sub-
stantial energy content (sucrose, oil, oil+sucrose) com-
pared with a saccharin preload, but their lunch times were
unaffected. (2) Women who received oil ate later than
those who received the other preloads (saccharin, sucrose,
oil +sucrose). This could be a function of the oil preload
having the largest energy content. (3) After saccharin rated
energy increased relative to baseline 120 min later. This
increase was sufficient to lead to significant differences in
rated energy between saccharin and sucrose at that time.
(4) Both sucrose and oil+sucrose preloads increased rated
calmness relative to the oil preload, and this was not due to
changes from baseline in the saccharin group.

In our previous work a liquid sucrose-containing preload
increased the intermeal interval more than saccharin (Reid
& Hammersley, 1994, 1995, 1998). Here, using a less liquid
preload, men did not increase the intermeal interval, but ate
less after sucrose than after saccharin. However, they also
ate less after oil and oil+sucrose. Women were less affected
by preload content; they increased the intermeal interval
significantly only after the oil preload, which also had the
highest energy content, and did not significantly alter the
content of their lunches. There was no evidence that either
sucrose or oil triggered further eating; when they had effects
they both satiated.

There was also evidence for effects of food on mood 1–
2 h after eating. A low-energy saccharin preload increased
rated feelings of energy both from baseline and compared
with a high-energy sucrose preload. This effect did not reach
significance for preloads containing oil; for these, rated
energy did not significantly change from baseline. This
pattern of findings suggests that apparent changes in tired-
ness after carbohydrate may be due in part to comparisons
with semi-fasted conditions such as can occur before the
administration of preloads, or by comparison across differ-
ent preloads. If brain serotonin levels had increased tired-
ness, then rated energy should have decreased significantly
from baseline in the sucrose condition.

Preloads containing sucrose also appeared to increase
rated calmness, whether or not oil was also present. This
effect was smaller than the effects on rated tiredness–energy
and the experimental design was not powerful enough to
detect specific post-hoc differences over time.

One limitation of these findings is that the time courses of
the digestion and metabolism of oil and sucrose differ. If
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Fig. 3. Changes in rated energy–tiredness (on an 80 mm visual
analogue scale) in subjects receiving yoghurt-based preloads contain-
ing: (- -W- -), saccharin; (–A–), sucrose; (⋅⋅⋅×⋅⋅⋅), maize oil, or (- -k - -),
maize oil +sucrose. Values are means for twenty subjects with their
standard errors represented by vertical bars.

Fig. 4. Changes in rated calmness–anger (on an 80 mm visual
analogue scale) in subjects receiving yoghurt-based preloads contain-
ing: (- -W- -), saccharin; (–A–), sucrose; (⋅⋅⋅×⋅⋅⋅), maize oil, or (- -k - -),
maize oil +sucrose. Values are means for twenty subjects with their
standard errors represented by vertical bars. Mean values were
significantly different from those for saccharin: *P , 0⋅05.
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sucrose reduced the increased rated energy of semi-
fasting at 2 h, then an oil preload might have the same
effect, but later, after this experiment terminated. Similar
reasoning can be applied to calmness; both sucrose and
oil +sucrose increased calmness at 1 h, oil+sucrose contin-
ued to cause this effect at 2 h. Would oil have had a similar
effect later on? It is plausible that calmness and reduced
rated energy are both functions of digestion in general,
rather than of specific nutrients. However, the time course of
digestion varies depending on the precise food mixture
eaten.

The results are important in two respects. First, they show
that both fat and carbohydrate satiate rather than enhance
hunger in the short term, if cognitive cues are controlled.
Second, the results show a relationship between carbohydrate
ingestion and mood, although, as reported previously (Benton
& Owens, 1993) the effects were modest to the extent that
the sample size used (n 80) is probably close to the minimum
where they would be detected.

Another limitation of the study is that the preloads used
here were not isoenergetic and contained some protein, but
the pattern of results found is not entirely explicable by the
variations in energy content. These findings may not apply
to the effects of pure carbohydrate, or pure fat, but effects
of these pure nutrients have relatively little relevance for
natural eating.

For future research, the issue of basal mood state seems
particularly important. The largest mood effects have been
reported in subjects with mood disorders (Wurtman, 1990),
who feel calmer and more positive after carbohydrate-rich
foods, although this improvement in mood may be absent
under blind conditions (Toornvlietet al. 1997). In the present
study, neither within- nor between-subjects comparisons
alone would have given an accurate picture of the mood
changes.

It is important that these results were obtained in normal-
weight subjects who were not restrained eaters. Although it
has been proposed that carbohydrate and fat preloads have
larger, easier to detect effects in special groups such as
restrained eaters or dieters and some depressed people
(Wurtmanet al. 1981; Wurtman & Wurtman, 1984; Lieber-
manet al. 1986) they ought also to affect normal people. At
least, there is no physiologically plausible model that
suggests otherwise. That normal people were affected here
may have been due to the use of a simplified method of
measuring mood, a relatively large sample and a between-
subjects design. It is sometimes suggested (e.g. Rogers,
1995) that within-subjects designs control for individual
differences, but they can also introduce order effects that
can confound experimental differences, such as the small
effects of nutrients on mood.

These findings are consistent with the hypothesis that
dietary constituents affect mood, but further research is
required. Three issues are, first, the appropriate comparator
for carbohydrate. No ideal comparator exists but, compared
with baseline, a low-energy preload containing saccharin
aroused, rather than sucrose decreasing arousal. Second, the
effects of mixing fat with carbohydrate on digestion. Here,
the fat–carbohydrate mixture apparently had slower effects
on calmness than carbohydrate alone, perhaps reflecting a
slower transfer of glucose into the blood. Third, in contrast

to pure carbohydrate, Drenowski (1987) has questioned
whether carbohydrate–fat mixtures can affect mood.
Here, the fat–carbohydrate mixture did not reduce rated
energy significantly less than carbohydrate alone. This
raises the possibility that carbohydrates (or food in general)
reduce arousal via a mechanism other than changes
in serotonin levels, which is the mechanism most fre-
quently proposed for the effects of carbohydrate. One
possibility is that there are general effects of digestion
on mood, which vary in their timing depending on the rate
of digestion.
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