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Brain serotonin (5-HT) synthesis is controlled by nutrients that influence the availability of plasma tryptophan (Trp) as compared with the
sum of the other large neutral amino acids (LNAA; Trp:LNAA). Alcohol consumption is found to change mood and performance and this
might well be due to alterations in the plasma Trp:LNAA ratio and brain 5-HT. In the present study, we tested whether whisky consump-
tion as part of a meal may alter the plasma Trp:LNAA ratio and influence mood and performance in healthy volunteers. Twenty-four
healthy male subjects participated in a within-subjects cross-over study. Subjects consumed whisky (125 ml; 40 g alcohol) or water
(125 ml) as part of a standard evening meal. Effects of whisky consumption were tested on mood and choice reaction time and blood
samples were taken to measure changes in plasma amino acids, glucose and insulin. The plasma Trp:LNAA ratio showed a significant
decline 2 h after whisky consumption of alcohol (P,0·001). No effects were found on choice reaction time or mood as compared with
the control condition. The present findings reveal that whisky consumption alters available plasma Trp for uptake into the brain, whereas
there were no effects on mood and performance.

Alcohol: 5-Hydroxytryptamine: Mood: Information processing: Cognition

It has frequently been demonstrated that alcohol consump-
tion alters mood and performance. A majority of studies
reveal a deterioration of information processing and per-
formance 30–300 min after high doses (0·3–1·2 g/kg) of
alcohol intake under a variety of different tasks (Maylor
et al. 1992; for a review, see Koelega, 1995), whereas
some have demonstrated cognitive improvement after
moderate (,0·3 g/kg) doses of alcohol intake (Maylor
et al. 1987; Lloyd & Rogers, 1997). For instance, in a
study of Lloyd & Rogers (1997), performance and mood
improved even 90 and 150 min after the intake of 8 g alco-
hol (vodka) as part of a small meal. Particularly, the
effects found after approximately 2 h are intriguing,
since by that time breath alcohol concentration (BAC)
should have returned almost to baseline levels. The
authors explained the beneficial effects on performance
by the ‘calming’ effects of alcohol. Although mood may

influence performance, it remains questionable whether
this constitutes a sufficient explanation, since the effects
of alcohol on performance have also been mentioned in
the absence of mood alterations (Liguori et al. 1999).

An additional mechanism mediating the effects of alcohol
on mood and performance may be a change in the brain bio-
chemical activity. Hence, there is supportive evidence that
alcohol may act upon cerebral neurotransmitter activity
(Eckardt et al. 1998) and a likely candidate may be the
neurotransmitter brain 5-hydroxytryptamine (5-HT) that,
among others, appears to be involved in the control of
mood and cognitive performance (Maes & Meltzer, 1995;
Altman & Normile, 1998). Brain 5-HT synthesis depends
on the availability of its plasma precursor tryptophan (Trp)
as compared with the other large neutral amino acids
(LNAA) for which Trp competes for uptake into the brain
(Fernstrom & Wurtman, 1972; Curzon, 1985) and the
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plasma Trp:LNAA ratio is an accurate predictor of brain Trp
and 5-HT alterations. The plasma Trp:LNAA ratio is con-
trolled by food intake, either by the amount of carbohydrates
as compared with protein (Fernstrom & Wurtman, 1972) or
by the amount of Trp in protein (Markus et al. 2000). Dietary
changes in plasma Trp:LNAA are commonly found 2 h after
intake and are accompanied by changes in brain 5-HT, mood
and mental performance (Rosenthal et al. 1989; Bellisle et al.
1998; Markus et al. 1998, 2000, 2002). Since alcohol con-
sumption is thought to change liver Trp pyrrolase
(Badawy, 1996), the effect of alcohol on performance may
be partly mediated by changes in plasma Trp:LNAA and
brain 5-HT. In support of this assumption, ethanol intake
has been found to influence brain 5-HT in animal studies
(LeMarquand et al. 1994).

Although dietary changes in the plasma Trp:LNAA ratio
may constitute an additional mechanism involved in the
effects of macronutrients on mood and performance, no
such combined behavioural studies have yet been con-
ducted with alcohol consumption. Only a few studies
have attempted to reveal whether ethanol consumption
may have an effect on total plasma Trp concentrations
(Badawy et al. 1987; Morgan & Badawy, 2001) and only
one has investigated the effect of ethanol on the Trp:LNAA
ratio (Badawy et al. 1995). In this latter study, it was
demonstrated that ethanol consumption decreases the
Trp:LNAA ratio over a 2–3 h time interval. Yet, it remains
unknown whether this is also found with a more ecologi-
cally valid alcohol consumption, in combination with a
meal, and whether this also may be accompanied by
changes in mood and performance.

The aim of the present study was to test whether whisky
consumption in combination with a meal may alter the
plasma Trp:LNAA ratio. Subjects participated in a
within-subjects cross-over study in which they consumed
whisky or water as part of a standard evening meal. At
2 h after consumption, blood samples were taken to
measure the alcohol effects on plasma glucose, insulin
and Trp:LNAA concentrations.

Methods

Subjects

Twenty-four male subjects aged 45–65 years (mean 52
(SD 5) years), all apparently healthy and non-smoking,
were recruited from the TNO BIBRA International Ltd
database of healthy human volunteers, by advertising in

local newspapers and by leaflet drops to local residential
areas. Subjects fulfilled the following inclusion criteria:
consumption between ten and twenty-eight alcohol-con-
taining beverages weekly (mean 16 (SD 5·72) units/
week), BMI between 20 and 35 kg/m2 (mean BMI 26
(SD 3) kg/m2) and no family history of alcoholism.
Subjects were healthy as indicated by the values of the
pre-study laboratory tests (2 weeks before onset of the
study), their medical history and the physical examination
by the medical investigator. A course of prescribed drug
treatment within 28 d of the study start that had not
been approved by the investigator was an exclusion
criterion. One volunteer was withdrawn from the study
due to a treatment-unrelated cause. The remaining
twenty-three subjects finished the experiment successfully.

The study was conducted in accordance with the
Declaration of Helsinki South Africa Revision 1996 and
ICH Harmonized Tripartite Guideline for Good Clinical
Practice. Approval to proceed with the present study was
given by the Quality Assurance Unit (QAU) of the TNO
Medical Ethical Committee, and all subjects provided writ-
ten informed consent before participation.

Procedure

The experimental procedure was conducted according
to a randomised, cross-over controlled design. On two
experimental days, separated by 2 weeks, the subjects
either received whisky (Famous Grouse Scotch Whisky,
40 % (v/v) alcohol) or tap water (control) as part of an
evening meal.

Four glasses (125 ml in total) of each beverage were
consumed during the evening meal at TNO BIBRA. One
glass was taken within 5 min before the evening meal,
two glasses within 15 min during the meal and one glass
within 5 min after the meal was completed (alcohol
intake was 40 g within 25 min). The evening meal con-
tained approximately 4184 kJ (1000 kcal) and was made
up of: fat 38 % energy, protein 21 % energy and carbo-
hydrate 41 % energy (calculated with the CompEat4; Nutri-
tion Systems, Grantham, Lincolnshire, UK) (see Table 1).

On the experimental test day of each treatment condition,
the subjects received an evening meal at 17.00 hours com-
bined with either whisky or water. At 2 h after dietary
intake (at 21.00 hours), a blood sample was taken and
thereafter (21.15 hours) a psychometric test was conducted.
In addition, before water and whisky consumption and

Table 1. Composition of the lunch boxes and evening meals by weight (g) and percentage energy

Carbohydrate Protein Fat

Weight % Energy Weight % Energy Weight % Energy Energy (kJ)

Lunch box 161 47 37 11 59 42 5371
Bread roll, butter and cheese
Ham, cucumber, lettuce
Crisps (25 g), yoghurt
Orange juice (200 g)

Evening meal 104 40 54 21 44 39 4276
Chicken and bacon risotto
Tart au chocolate
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repeatedly (30, 60, 90 and 180 min) after whisky
consumption blood alcohol levels were measured by
breath analysis (Alcoholtest 7410; Dräger Nederland B.V.,
Zoetermeer, The Netherlands). For the psychometric test
the subject was taken to a room, seated in front of a compu-
ter screen and instructed about the experiment. The subject
was then exposed to a computer-assisted battery of psycho-
metric tests, all integrated into the research software
package MINDS (Brand, 1999). The battery consisted of a
version of the Profile of Mood States (POMS; McNair
et al. 1971) and a Sternberg’s memory-scanning task (Stern-
berg, 1969). The subjects spent approximately 4 min on the
POMS and 12 min on the memory-scanning task. At 1 week
before the commencement of the present study, all volun-
teers were given a practice session in order to familiarise
them with the procedures.

There was a 3 d alcohol-free period before both experi-
mental days to prevent possible carry-over effects and the
subjects were required to remain alcohol-free during the
experiment. On both test days, lunch boxes were supplied,
which had to be consumed 5 h before testing, in order to
standardise food intake. The subjects were instructed to
consume and register all the food items provided with the
lunch boxes and the food diary was documented and eval-
uated by the researcher to ascertain compliance. In
addition, the same amount of consumed items was given
to the subjects on the second test condition. Within 5 h
before the test, the subjects were requested only to consume
caffeine- and nutrient-free drinks and the lunch box. Eve-
ning meals and lunch boxes were prepared by a local
caterer using the same source of ingredients throughout
(see Table 1 for the composition of lunch boxes and eve-
ning meals).

Profile of Mood States

Changes in mood were measured using the POMS ques-
tionnaire (McNair et al. 1971), offered at the computer
screen on a five-point interval scale ranging from ‘strongly
disagree’ to ‘strongly agree’. The POMS comprises adjec-
tives for five different subscales for mood. The subscale
Anger (range 7–35), Depression (range 8–40), Fatigue
(range 6–30) and Tension (range 6–30) refer to a negative
mood state, whereas the subscale Vigour (range 5–25)
concerns a positive mood.

Cognitive performance

Cognitive performance refers to the observable outcome of
mental computations involved in the perception, recog-
nition and encoding of a stimulus (input level) as well as
the preparation and organisation of a response (output
level). A computerised Sternberg memory-scanning task
(Sternberg, 1969) was used as a cognitive performance
test since this task allows for subtracting different stages
of mental processing. This task consisted of four subtasks,
corresponding to memory sets of one, two, three and four
different consonants. Each subtask started with a presen-
tation on the computer screen of the particular set to be
memorised, for as long as each subject needed, after
which sixty trials followed. In thirty trials the presented

letter belonged to the memorised set; in the other thirty
trials this was not the case. Every first ten trials in each
subtask were used for practice and, therefore, not used in
the analysis. In each trial the probe letter was presented
at the centre of the screen for 1 s (machine-paced; with
an interval range of 1 s). The order of presentation of the
sixty letters was randomised. The subjects were instructed
to decide as quickly and accurately as possible whether the
presented letter did or did not belong to the memory set by
pressing a red thumb-key button (No) or a green thumb-
key button (Yes).

Biochemical analyses

Blood samples were collected in a tube containing EDTA
(Vacutainer Systems; Becton Dickinson, Plymouth,
Devon, UK) for amino acids analysis and in a tube (Vacu-
tainer Systems) containing gel and clot activator for insulin
and glucose analysis. The EDTA tube was centrifuged at
2000 g for 30 min at 208C within 15 min of sampling.
The tube containing gel and clot activator was centrifuged
at 2000 g for 10 min at 48C between 15 and 30 min after
collection. Plasma and serum were directly stored at
2808C until analysis.

For the determination of amino acids in plasma, a repro-
ducible, fully automated, method was used based on cation
exchange chromatography and post-column derivatisation
with ninhydrin.

Plasma samples were deproteinised with 5-sulfosalicylic
acid. Norvaline was used as an internal standard. Separation
of the amino acids was performed with a stepwise gradient
of four lithium citrate buffers on a BTC-2710 cation
exchange resin. Column dimensions were 180 £ 3·2 mm.
After post-column derivatisation, amino acids were
detected at 570 nm. The plasma Trp ratio was ultimately
calculated by dividing the plasma Trp concentration by
the sum of the other LNAA, i.e. valine, isoleucine, leucine,
tyrosine and phenylalanine.

Insulin concentrations in plasma were assayed by using a
standard enzyme radioimmunoassay kit (Tosoh Corpor-
ation, Tokyo, Japan).

Glucose concentrations were assayed in plasma by enzy-
mic antidiuretic hormone using a standard hexokinase kit
(Roche Diagnostic, Mannheim, Germany).

Experimental design and statistical analysis

The main research questions formulated in the introduction
were analysed by means of multi- and univariate ANOVA
using the general linear model (SPSS 7.5 for Windows;
SPSS Inc., Chicago, IL, USA). The design of the present
study included ‘Treatment’ (whisky v. water) as the
within-subjects factor. The dependent variables were the
plasma Trp:LNAA ratio and glucose and insulin concen-
trations; the scores on the different scales of the POMS
and reaction time (RT) on (the different levels of) the Stern-
berg task. For the effect of ‘Treatment’ (whisky v. water) on
the five mood scales of the POMS, as well as on RT and the
amount of errors during the different subtasks of the Stern-
berg’s performance test, different multivariate ANOVA
were performed. For the scores on the four different
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consecutive subtasks of the memory-searching task
(memory sets of one, two, three and four consonants) the
multivariate analysis was performed with first- and
second-order polynomial contrasts (linear and quadratic
effects). Only significant multivariate results revealed by
these procedures were further examined by univariate
tests. Huynh–Feldt or Greenhouse–Geisser corrected P
values, their corresponding epsilons as well as the original,
i.e. uncorrected, degrees of freedom were reported when
the sphericity assumption was not met. All statistics were
evaluated at a significance level of 5 % (two-tailed). Data
are reported as mean values and SD.

Results

Blood alcohol assessment

To estimate BAC, a one-way ANOVA with ‘Time’ (30, 60,
90 and 180 min after whisky consumption) as the within-
subjects factor was conducted on BAC after whisky con-
sumption. Analysis revealed a significant effect of
‘Time’, meaning that BAC significantly declined over
time after whisky consumption. BAC increased from zero
before treatment to 0·5 (SD 0·15) g/l at 30 min after
whisky consumption, which significantly declined to 0·44
(SD 0·13) g/l after 60 min, 0·36 (SD 0·12) g/l after 90 min
and 0·14 (SD 0·12) g/l after 180 min since drinking.

Plasma glucose and insulin concentration

In order to test the effects of whisky consumption on plasma
glucose and insulin concentrations 2 h after consumption,
we conducted paired-sample t tests with ‘Treatment’
(whisky v. water) as the within-subjects factor on plasma
samples. Analysis revealed a significant difference in
glucose concentrations between treatment conditions
(t 23·039; df 22; P¼0·006). As shown in Fig. 1 (a),
plasma glucose concentrations were significantly lower 2 h
after whisky consumption (50 (SD 0·95) mU/l) as compared
with after water consumption (59 (SD 0·95) mU/l).
No differences were found between whisky and water
consumption on plasma insulin concentrations (P.0·4).

Plasma tryptophan:large neutral amino acids ratio

In order to test the effect of whisky consumption on the
plasma Trp:LNAA ratio, we conducted a paired sample
t test on plasma amino acid concentrations measured 2 h
after whisky and water consumption. Analysis revealed a
significant difference between whisky and water consump-
tion (t 4·60; df 22; P,0·0001). As shown in Fig. 1 (b), the
plasma Trp:LNAA ratio declined after whisky consump-
tion (0·058 (SD 0·009)) as compared with after water
consumption (0·064 (SD 0·008)).

To test the effect of whisky consumption on plasma total
Trp concentrations, we also performed two t test analyses
on plasma Trp concentration and on the sum of the compe-
titor LNAA 2 h after whisky and water consumption.
As shown in Table 2, analysis revealed a significant decline
in plasma total Trp concentrations 2 h after alcohol
consumption (35 (SD 6)mmol/l) as compared with after

water consumption (41 (SD 6)mmol/l) (t 4·912; df 22;
P,0·0001), whereas there were no differences in concen-
trations of the sum of the competitor LNAA (P.0·18).

Mood (Profile of Mood States)

In order to see whether whisky consumption may influence
mood, we performed a multivariate ANOVA with ‘Treat-
ment’ (whisky v. water) as the within-subjects factor on
the scores of the five different mood scales. However,
multivariate analysis did not reveal a significant effect of
‘Treatment’ (P.0·4).

Cognitive performance

To see whether alcohol consumption could affect perform-
ance, we performed an ANOVA on the mean RT across all
four subtasks, taken as an overall measure of performance
efficiency. ANOVA with ‘Treatment’ (whisky v. water) as

Table 2. Effect of whisky on plasma concentrations of tryptophan
(Trp) and the sum of its competitors (large neutral amino acids;
LNAA) 2 h after intake

(Mean values and standard deviations)

Trp (mmol/l) Sum of LNAA

Whisky Water Whisky Water

Mean SD Mean SD Mean SD Mean SD

35 6 41* 6 627 115 645 105

* Mean value was significantly different from that after whisky (P,0·0001).

Fig. 1. (a) Plasma glucose concentrations were significantly lower
2 h after alcohol consumption (50 (SD 0·95) mU/l) as compared with
after water consumption (59 (SD 0·95) mU/l) (t 23·039; df 22;
P¼0·006). (b) There was a significant reduction in plasma trypto-
phan:large neutral amino acids (Trp:LNAA) ratio 2 h after alcohol
consumption (0·058 (SD 0·009)) as compared with after water
consumption (0·064 (SD 0·008)) (t 64; df 22; P¼0·004).

C. R. Markus et al.998

https://doi.org/10.1079/BJN
20041287  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN20041287


the within-subjects factor did not reveal a significant effect
(P.0·8).

It was also explored whether an increase in RT as a func-
tion of memory load was influenced by whisky consumption
as compared with water consumption. This slope – the rate
at which RT increases with memory load – is interpreted by
Sternberg (1975) as an indicator of the time needed for scan-
ning an item in short-term memory. Multivariate ANOVA
with ‘Treatment’ (whisky v. water) and ‘Memory-Load’
(one, two, three and four consonants) as within-subjects
factors only revealed an effect of ‘Memory-Load’
(F(3,20) 49·43; P,0·0001), indicating that RT increases
as a function of memory load regardless of treatment
condition. There was no interaction effect of ‘Treatment’
by ‘Memory-Load’ (P.0·6).

Discussion

In the present study, we tested whether moderate alcohol
consumption could alter the plasma Trp:LNAA ratio and
change mood and cognitive performance in healthy volun-
teers. Although findings revealed a significant effect of
whisky consumption on the plasma Trp:LNAA ratio, this
was not accompanied with significant changes in mood
or choice RT.

Effect of whisky on blood alcohol concentration

Consumption of whisky containing 40 g (approximately
0·5 g/kg) of alcohol in combination with an evening meal
clearly increased BAC by 0·51 g/l at 30 min after consump-
tion and by 0·14 g/l at 180 min after consumption. These
alterations in BAC are comparable with those reported
after exclusive comparable amounts of alcohol consumption
(Koelega, 1995; Hendriks et al. 1998; Sierksma et al. 2002).

Effects of alcohol on the plasma amino acids

Glucose and tryptophan:large neutral amino acids ratio.
The results of the present study revealed that the consump-
tion of four glasses of whisky (40 g alcohol) with an
evening meal causes a significant decline in the plasma
Trp:LNAA ratio, as compared with after water consump-
tion, 2 h after consumption. In addition, plasma glucose
concentration declined 2 h after whisky consumption,
whereas no differences were found for insulin concen-
trations. This decline in glucose concentration most
probably represents a hypoglycaemic response due to an
insulin-mediated glucose uptake. Hence, in previous
studies increased plasma glucose levels are generally
found within 30–60 min after alcohol consumption which
decline below baseline approximately after .1·5 h
(Badawy et al. 1987; Morgan & Badawy, 2001). This
effect of whisky consumption on the plasma Trp:LNAA
ratio in the present study is consistent with previous
findings of a decline in plasma Trp:LNAA after single
ethanol ingestion in fasting male volunteers (Badawy
et al. 1995). In this latter study, the consumption of 0·8 g
ethanol/kg significantly decreased the plasma Trp:LNAA
by 17 % as compared with control subjects 2 h after
consumption.

Taking into account the effects of alcohol on short-term
alterations in blood glucose, it is not clear why alcohol
consumption is accompanied by a significant decline in
the plasma Trp:LNAA ratio. Hence, an increase in
plasma glucose concentration constitutes a necessary con-
dition for carbohydrate ingestion to cause an insulin-
mediated increased uptake of the LNAA into the skeletal
muscles, causing a consequent rise in the plasma
Trp:LNAA ratio and brain 5-HT (Fernstrom & Wurtman,
1972; Curzon, 1985). In a previous study of Badawy
et al. (1995), the decline in the plasma Trp:LNAA ratio
after alcohol consumption has been attributed to an
enhanced hepatic Trp pyrrolase, since ethanol intake was
accompanied by a decline in both free and total (free and
albumin-bound) Trp concentration. Hence, particularly
when alcohol is consumed in combination with solid
food, first-pass metabolic effects such as increases in hepa-
tic Trp pyrrolase may be most pronounced (Eckardt et al.
1998). The present results revealed a significant decline
in plasma Trp concentrations 2 h after alcohol consumption
as compared with after water consumption, whereas there
were no differences in the sum of concentrations of the
competitor LNAA. These findings support the assumption
that Trp concentration, and subsequently the plasma
Trp:LNAA ratio, is reduced by enhanced Trp pyrrolase.
However, the exact mechanism by which alcohol consump-
tion, whether or not combined with food intake, enhances
first-pass metabolic processes is still poorly understood
and needs further investigation.

Effects of alcohol on mood and performance

It was expected that mood as well as choice RT during
memory scanning might be influenced by alcohol consump-
tion as a function of alterations in plasma Trp:LNAA.
However, even though the plasma Trp:LNAA ratio had sig-
nificantly declined 2 h after whisky consumption, no effects
on mood or choice RT were detected. On the first hand, the
present data do not seem to confirm previous findings on
the effects of alcohol consumption on mood and performance
during comparable demanding task performance in which
comparable alterations in BAC have been demonstrated
(Maylor et al. 1987; Koelega, 1995; Lloyd & Rogers,
1997). However, we should be careful in generalising these
present findings as evidence for a lack of a neurocognitive
effect of alcohol, since we only used one test for
cognitive performance and, in comparison with Lloyd &
Rogers (1997), we also included a diet that differed in
energy constitution and was given at a different time of day.

The absence of an effect on mood and performance
seems to be in compliance with the limited change in the
plasma Trp:LNAA ratio. Hence, in depletion studies, the
most clear behavioural effects of Trp depletion have been
reported after a decline of 50 %. In addition, a current
10 % decline in plasma Trp:LNAA after consuming
modest amounts of alcohol may not be sufficient enough
to cause meaningful brain and behavioural alterations.
However, the present findings may have particular
relevance for clinical populations. Hence, this decline in
plasma Trp:LNAA may be more profound in problem
drinkers, using larger amounts of alcohol for a longer
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period of time, and may be partly responsible for cognitive
and emotional decline as often demonstrated in these clini-
cal populations.

Conclusion

Modest alcohol consumption in the present study signifi-
cantly declines the plasma Trp:LNAA ratio 2 h after
consumption without any effect on mood and choice RT.
These findings challenge assumptions that modest alcohol
consumption in healthy subjects could change mood and
information processing by alterations in brain Trp and
5-HT concentrations. However, the present findings may
be relevant in problem drinkers in which the effects of
long-lasting consumption of larger amounts of alcohol on
brain 5-HT may be more pronounced and may have
severe emotional and behavioural consequences.
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