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Abstract
Dietary components may affect brain function and in�uence behaviour by inducing the synthesis of neurotransmitters. The aim of the
present study was to examine the in�uence of consumption of a whey protein-containing breakfast drinkv. a carbohydrate drinkv. control
on subjective and physiological responses to mental workload in simulated work. In a randomised cross-over design, ten healthy subjects
(seven women, median age 26 years, median BMI 23 kg/m2) participated in a single-blinded, placebo-controlled study. The subjects
performed demanding work-like tasks after having a breakfast drink high in protein (HP) or high in carbohydrate (HC) or a control
drink on separate sessions. Subjective states were assessed using the NASA Task Load Index (NASA-TLX), the Karolinska sleepiness
scale (KSS) and the modi�ed Pro�le of Mood States. Heart rate was recorded during task performance. The ratio of plasma tryptophan
(Trp) to the sum of the other large neutral amino acids (LNAA) and salivary cortisol were also analysed. The plasma Trp:LNAA ratio
was 30 % higher after the test drinks HP (median 0·13 (mmol/l)/( mmol/l)) and HC (median 0·13 (mmol/l)/( mmol/l)) than after the control
drink (median 0·10 (mmol/l)/( mmol/l)). The increase in heart rate was smaller after the HP (median 2·7 beats/min) and HC (median 1·9
beats/min) drinks when compared with the control drink (median 7·2 beats/min) during task performance. Subjective sleepiness was
reduced more after the HC drink (median KSS2 1·5) than after the control drink (median KSS2 0·5). There were no signi�cant differences
between the breakfast types in the NASA-TLX index, cortisol levels or task performance. We conclude that a breakfast drink high in whey
protein or carbohydrates may improve coping with mental tasks in healthy subjects.
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The modern work environment requires working on
multiple simultaneous tasks under time pressure. This causes
mental workload de�ned as ‘the portion of an individual’s
limited mental capacity that is actually required by task
demands’(1). In addition to task demands, factors such as
poor diet and lack of sleep can decrease the physiological
resources an individual has available for carrying out a
certain task, and this can thus also increase the mental
workload of the task. High workload during task performance
may increase irritability, fatigue and facilitate errors(2).

In extreme cases, high workload may contribute to stress and
symptoms of work fatigue, sleep problems and depression(2).

Brain function is thought to be very sensitive to even small
changes in plasma metabolites(3), and thus the brain energy
supply and dietary components providing essential precursors
to the brain may have an important role in optimising work
performance and also in promoting mental well-being. Dietary
interventions so far support the importance of having a break-
fast, rather than skipping it, as this habit has been linked with
several positive health outcomes, and also with improved

*Corresponding author: Dr K. Peuhkuri, email katri.peuhkuri@helsinki.�

Abbreviations: 5-HT, 5-hydroxytryptamine (serotonin); B@W, Brain@Work; HC, high carbohydrate; HP, high protein; IQR, interquartile range; KSS,
Karolinska sleepiness scale; LNAA, large neutral amino acid; NASA-TLX, NASA Task Load Index; POMS, Pro�le of Mood States; SS, Symmetry Span;
Trp, tryptophan; WS, work simulation.

British Journal of Nutrition (2013), 110, 1712–1721 doi:10.1017/S0007114513000779
q The Authors 2013

B
rit

is
h

Jo
ur

na
l

of
N

ut
rit

io
n

�K�W�W�S�V�������Z�Z�Z���F�D�P�E�U�L�G�J�H���R�U�J���F�R�U�H���W�H�U�P�V�����K�W�W�S�V�������G�R�L���R�U�J�������������������6��������������������������������
�'�R�Z�Q�O�R�D�G�H�G���I�U�R�P���K�W�W�S�V�������Z�Z�Z���F�D�P�E�U�L�G�J�H���R�U�J���F�R�U�H�����+�H�O�V�L�Q�N�L���8�Q�L�Y�H�U�V�L�W�\���/�L�E�U�D�U�\�����R�Q���������)�H�E�������������D�W�����������������������V�X�E�M�H�F�W���W�R���W�K�H���&�D�P�E�U�L�G�J�H���&�R�U�H���W�H�U�P�V���R�I���X�V�H�����D�Y�D�L�O�D�E�O�H���D�W



cognitive functions, particularly in the elderly(4) and in school-
aged children(5). The type of breakfast also makes a difference
since macronutrient composition, energy supply and glycaemic
properties of the breakfast may all affect cognitive perform-
ance(6). In healthy work-aged adults, however, clear evidence
on the necessity of breakfast is still lacking(7) as is the consensus
on which kind of breakfast would bene�t the most in the work
environment.

The availability of an essential amino acid, tryptophan (Trp)
to brain serotonin (5-hydroxytryptamine; 5-HT) synthesis, is
important for the regulation of, for example, stress adaptation,
cognition and mood(8). There are two nutritional ways to
increase the level of Trp in the brain: through consumption
of carbohydrates or Trp-rich whey protein(9). Carbohydrates
induce the synthesis of 5-HT through insulin response. Insulin
secretion facilitates the precursor of 5-HT, Trp, to cross the
blood–brain barrier for 5-HT synthesis, while the other large
neutral amino acids (LNAA) are transferred into the skeletal
muscle(10). In addition to 5-HT regulation, glucose is a primary
source of energy for the brain and its bene�cial effects on
short-term performance have been recognised widely(11,12).
In a study by Markus(13), a pure carbohydrate-containing
breakfast drink improved cognitive performance and mood
under stress. Carbohydrate-rich, protein-poor foods may also
reduce levels of the stress hormone cortisol following acute
stress-inducing tasks, but this has been shown only in stress-
vulnerable subjects(14).

Milk-derived whey protein, and particularly its a-lactalbu-
min protein fraction, also increases the level of Trp in the
brain by increasing the ratio of plasma Trp to the sum of
LNAA (Trp:LNAA). A breakfast enriched with whey protein
was proven to positively affect mood and performance in
speci�c cognitive tasks in stress-vulnerable subjects in an
acute stress test(15–18). The effects of a-lactalbumin on
cognition are generally modest in healthy subjects(9).

When comparing high-carbohydratev. high-protein break-
fasts in healthy participants, Lemmenset al.(19,20) found no
difference between the breakfast types in mood or cortisol
responses in an acute stress and rest condition. Fischer
et al.(3) suggested that a protein-rich or balanced meal with
a lower glycaemic index results in better overall cognitive
performance than a meal rich in a mix of carbohydrates
presumably because of less variation in plasma glucose and
insulin concentrations and the glucagon:insulin ratio. Regard-
ing cognitive performance, it seems that the changes in plasma
metabolites are more important than the absolute levels(21).
Smaller blood glucose �uctuations result in lighter metabolic
stress, which may be better for cognition(21,22).

In previous studies, little consideration has been given to
mental workload such as frustration and mental effort. How-
ever, these dimensions may be key parameters when evaluat-
ing the effects of breakfast or its macronutrient content on
work performance. Under high workload that challenges cog-
nitive resources, performance effectiveness may decrease,
and, in addition, psychophysiological activation, strain and
fatigue increase, even if the primary work task performance
shows no decrement(23). Thus, the aim of the present study
was to compare the in�uence of consumption of a whey

protein-containing breakfast drink v. a carbohydrate breakfast
drink v. control on subjective and physiological responses to
mental workload in simulated work. We measured mental
workload and the changes in subjective well-being and sleepi-
ness as well as heart rate in a computerised work simulation
(WS). The cognitive demands of the tasks resemble the
challenges that a real multitasking work environment places
on attention and working memory(24,25).

Methods

Subjects and study design

We studied healthy Finnish men and women (n 10, seven
women) with a median age of 26 (range 22–40) years and a
BMI of 23 (range 20–28) kg/m2 in a cross-over study. Exclu-
sion criteria for participation were the use of medication
(except use of contraception), diseases of the central or
autonomic nervous system and also metabolic, hormonal or
intestinal diseases, depression, overweight (BMI. 30 kg/m2)
or underweight (BMI , 18 kg/m2), excessive use of alcohol
(. 240 g alcohol in a week), smoking, food allergies (e.g.
milk), lactose or gluten intolerance, pregnancy or breast-
feeding. All subjects were habitual breakfast eaters, their sleep
normally occurring between 21.00 and 08.00 hours and they
did not consume caffeine more than 1000 mg/d. Volunteers for
the study were recruited via email and notice-board announce-
ments from the campus of the University of Helsinki and from
local companies. The present study was conducted according
to the guidelines laid down in the Declaration of Helsinki, and
the test protocol was approved by the ethics committee of the
Hospital District of Helsinki and Uusimaa. Written informed con-
sent was obtained from all subjects.

The study was conducted according to a randomised,
single-blinded, cross-over design. Each subject visited the
Brain Work Laboratory at the Finnish Institute of Occupational
Health four times. The outline of the study is presented in
Fig. 1(a). During the �rst visit, subjects became familiar with
the experimental procedure. They were introduced to the lab-
oratory surroundings and the individual dif�culty level of the
WS tasks was set as described in detail later in this section.
Subjects were also introduced to the use of food diary, sleep
diary and actigraphy, and they were trained to �ll in the
questionnaires on the computer. Subjects did not, however,
consume the breakfast drinks during this visit. All four visits
were separated by at least 1 week.

On the three actual test visits, subjects came to the labora-
tory at 08.30 hours, after fasting overnight, and received as a
breakfast once a high-protein (HP), once a high-carbohydrate
(HC) and once a control drink (control) and performed
work-like tasks in the WS. The test drinks HP and HC were
indistinguishable from each other, whereas the control drink
was of different appearance. The investigators were blind to
the HP and HC breakfast drinks. Although all of the breakfast
drinks were not of identical appearance, the subjects were
unaware of the content of the breakfast drinks. The order of
the drinks was randomised across the subjects. The subjects
had free access to water during the entire study, but no
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