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Dark chocolate administration improves
working memory in students
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ABSTRACT
BACKGROUND
Flavonoids have positive effects on health, including the nervous system.
High flavonoid content can be found in chocolate, especially dark
chocolate. Verbal working memory is important for reasoning, language
comprehension, planning, and spatial processing. The purpose of this
study was to evaluate the effect of a single dose of dark and white chocolate
administration on verbal working memory in medical students.
METHODS
A study of experimental pre-post test design with controls was conducted
on 60 students. These were simply randomized into two groups: the first
group was supplemented with white chocolate as control, and the second
group received dark chocolate, at an identical single dose of 100 g.
Working memory was measured with the digit span forwards (DSF) and
the digit span backwards (DSB) tests, before, at 1 hour, and at 3 hours
after intervention. Independent t and Mann-Whitney tests were used for
data analysis.
RESULTS
Scores for DSF and DSB in control and treatment groups were similar at
baseline. At 1 hour after dark and white chocolate administration, DSF
and DSB scores were not significantly different between the two groups
(p=0.832; p=0.683). Supplementation of dark chocolate at 3 hours after
intervention significantly increased DSB scores compared to white
chocolate (p=0.041), but DSF scores were not significantly different
between the two groups (p=0.204).
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CONCLUSIONS
Dark chocolate as a single dose is capable of improving verbal working
memory in students, 3 hours after its consumption. Since cocoa contains
multiple bioactive compounds, one approach might be to examine the
neurocognitive effects of combinations of potential functional ingredients.
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Pemberian coklat hitam memperbaiki memori kerja pada mahasiswa

ABSTRAK
LATAR BELAKANG
Flavonoid memiliki efek positif terhadap kesehatan termasuk sistem saraf. Kandungan flavonoid tinggi dapat
ditemukan pada coklat terutama coklat hitam. Memori kerja penting untuk proses penalaran, pemahaman bahasa,
perencanaan, dan pemahaman spasial. Tujuan penelitian ini untuk menilai pengaruh pemberian coklat hitam dan
coklat putih dosis tunggal terhadap memori kerja pada mahasiswa.
METODE
Penelitian eksperimental pre-post test design menggunakan kontrol dilakukan pada 60 mahasiswa. Mereka secara
acak sederhana dibagi menjadi dua kelompok, yaitu kelompok pertama diberikan coklat putih sebagai kontrol dan
kelompok kedua coklat hitam dengan dosis tunggal yang sama sebanyak 100 gr. Memori kerja diuji dengan digit
span test (DST) forward (DSF) dan backward (DSB) sebelum, 1 dan 3 jam setelah intervensi. Uji statistik yang
digunakan adalah uji t-independen dan Mann-Whitney untuk menguji perbandingan skor DST antara kelompok.
HASIL
Tidak terdapat perbedaan bermakna skor DSF dan DSB antara kelompok kontrol dan perlakuan pada tahap awal
penelitian. Setelah 1 jam baik pemberian coklat hitam maupun coklat putih tidak menunjukkan perbedaan yang
bermakna skor DSF dan DSB antara kedua kelompok perlakuan (p=0,832;p=0,683). Pemberian coklat hitam
setelah 3 jam, ternyata skor DSB lebih tinggi secara bermakna dibandingkan coklat putih (p=0,041), dan skor
DSF tidak menunjukkan perbedaan yang bermakna (p=0,204) antara kedua kelompok.
KESIMPULAN
Pemberian coklat hitam dengan dosis tunggal setelah 3 jam mampu meningkatkan memori kerja pada mahasiswa.
Coklat hitam bersifat antioksidan karena mengandung flavanols bermanfaat untuk meningkat fungsi nerokognitif
pada mahasiswa.
Kata kunci: Antioksidan, flavonoid, coklat hitam, memori kerja, mahasiswa

INTRODUCTION
Chocolate is produced from cacao
(Theobroma cacao L.) beans and contains
flavanols, a class of flavonoids with considerable
antioxidant activity, being thus of benefit to
human health. (1) In comparison with white
chocolate, the antioxidant content of dark
chocolate is higher, as a result of fermentation,
without the addition of other ingredients, such
as powdered milk, sugar, and fat.(2) Therefore
dark chocolate has a bitter taste and is thus less
favored.
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There are many studies on the effect of
flavanols on cognitive function, the majority of
which showed enhanced cognitive function after
administration of flavanols. However, there are
few studies comparing the effects of
administration of dark and white chocolate on
cognitive function. One study comparing the
effects of acute administration of dark and white
chocolate was conducted by Field et al.(3) using
a crossover design, in which dark chocolate with
a content of 720 mg cocoa flavanols was given,
followed by administration of white chocolate,
with an interval of one week between the two
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interventions. The results showed that dark
chocolate enhanced cognitive function to a higher
extent than did white chocolate.
Working memory plays an important role
in cognitive function, particularly in reasoning,
language comprehension, planning, and spatial
processing.(4) Working memory is a combination
of attention, concentration, and short-term
memory, and refers to the capacity for temporary
retention and manipulation of information.(5)
Working memory is influenced by sleep quality,(6)
diet,(7) and age.(8) Several disorders, particularly
those affecting the brain, such as Alzheimer’s
disease, stroke, head injury, and brain tumors,
result in working memory dysfunction.(5)
The digit span test (DST) is a test for
measuring working memory function, and is
frequently used because of its simplicity and high
reliability of up to 0.9.(9) The DST consists of a
sequence of digits that must be memorized and
verbally repeated by the test subject. DST results
are consistently good in normal elderly,(10) in
elderly with cognitive dysfunction,(11) and also
in children.(12)
The objective of this study was to evaluate
the effect of administration of dark and white
chocolate on working memory in students, and
differs from previous studies in the use of a
parallel group design.
METHODS
Design of the study
This was an experimental study of preposttest nonblinded design with controls and
conducted in Jakarta from January to April 2015.
Subjects
The subjects were preclinical medical
students (1st – 4th year) who participated in this
study and met the inclusion criteria, i.e. male
and female students, in the preclinical years,
healthy, of normal hearing, and agreeing to
participate in the study up to its completion. The
exclusion criteria were hypersensitivity to
chocolate, insomnia, smoking, drinking, and
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history of head injury within the last 6 months.
The drop-out criteria were consumption of
flavonoid-containing foods or drinks 24 hours
before the study, and in the 3-hour waiting period
before the DST. Informed consent was obtained
in written form. Information on the effect of type
of chocolate on DST results was not given to
the prospective subjects to avoid bias.
Sample size was calculated with the
formula for comparative numerical analysis of
two independent groups:

 (Zα + Zβ ).S 
N = 2

 ( X1 − X 2 ) 

2

where Zá (5%) =1.96, Zâ (85%) =1.282, S=0.3,
X1-X2=0.25.(13) Anticipating a drop out rate of
10%, the number of subjects for each group was
30, so that the total number of subjects was 60.
Intervention
Subjects were allocated by simple
randomization to 2 groups, i.e. the control group
and the treatment group, each group consisting
of 15 females and 15 males. The control group
and the treatment group received white and dark
chocolate bars, respectively, at a single oral dose
of 100 g, which is the standard dose for
determining chocolate contents. (14,15) The
flavonoid content of 100 g of dark chocolate is
≈ 28.3 mg, and that of 100 g of white chocolate
is ≈ 7.7 mg.(15) The outer wrappers were removed
before the bars were given to the subjects, so
that it was not apparent what type of chocolate
was to be consumed. However, the subjects could
still distinguish the type of chocolate by its color,
since the white chocolate was of lighter color,
whereas the dark chocolate was of darker color.
Measurement of working memory
Measurement of working memory was
performed using the DST. The subjects
underwent a 24-hour wash-out period before the
DST test, to remove flavonoids from plasma, by
abstaining from consumption of flavonoidcontaining foods and drinks. After the wash-out
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period, both groups underwent the DST test,
consisting of the DST forwards (DSF) and DST
backwards (DSB). After completing the first
DST tests (DSF-pre and DSB-pre), the subjects
underwent the second and third DST tests, i.e.
at 1 hour (DSF1 & DSB1) and 3 hours (DSF3
and DSB3) after chocolate consumption. While
waiting for the DST, the subjects were allowed
to perform their regular activities, but were not
permitted to consume foods or drinks other than
those provided by the investigators.
In the DSF test, the subjects have to
verbally repeat a sequence of digits presented
by the investigators in their exact order, whereas
in the DSB test the subjects have to repeat the
digits in reverse order. The test is started by the
investigators calling out a 4-digit number in
random order (e.g. 3729) at a rate of 1 digit per
second, then the subjects verbally repeating the
digits in their given order. If the subjects has
repeated the digits in the correct order, the list
of digits is increased by 1 digit. If the subjects
are unable to repeat the digits in their correct
order, the test is followed by the DSB test. The
subjects have two opportunities to listen to and
repeat the series of digits. The test is discontinued
if the subjects on the two occasions are unable
to repeat the digits in their correct order. The
DST score is the longest list of digits that has

been repeated correctly. If the subjects can repeat
a 9-digit number, the DST score is 9.(9,16) In the
present study there were 3 sets of digit lists for
the DSF and 3 sets for the DSB, each set
consisting of digit lists in different order.
Statistical analysis
The Shapiro-Wilk test was used to test for
the normality of the data distribution. The
independent t-test or Mann-Whitney test was
used to find differences in DST scores between
the two groups. The level of significance was
set at p<0.05 with a confidence interval of 95%.
Ethical clearance
Ethical clearance was obtained from the
Research Ethics Commission, Faculty of
Medicine, Atma Jaya University, Jakarta. Signed
written informed consent was obtained from all
subjects. The identity of the subjects was kept
secret and was used only for research purposes.
RESULTS
A total of 84 students agreed to participate
in the study by filling in an agreement form. A
total of 16 students withdrew from the study
because of academic reasons. Randomization
was performed on 68 subjects, consisting of 36

Figure 1. Flowchart of subject participation
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Table 1. Mean age and DST scores of the
control and treatment groups at baseline

DSF=Digit span forwards; DSB=Digit span backwards

females and 32 males, to determine the type of
intervention. In the randomization process the
female subjects were separated from the males,
to ensure that each intervention group received
an identical number of female and males. On
completion of the DST tests, the results from 8
subjects (2 males and 6 females) were considered
invalid, since they had knowledge of the differing
effects of the type of chocolate on the DST test
results (Figure 1). A total of 60 subjects met the
requirements and participated in the study up to
its completion.
Except for the baseline DSF and DSB
scores, all DST scores were non-normally
distributed (p>0.05), so that a non-parametric
test was performed. Table 1 presents the
characteristics and DST measurement results in
both groups at baseline. The independent t-test
showed no significant differences for age, DSF
scores and DSB scores between both groups
(p=0.062; p=0.591; p=0.954).
Table 2. Differences in DSF and DSB scores
of the control and treatment groups
after intervention

*Mann-Whitney test; DSF1 : Digit span forwards 1 hour
after intervention; DSF3 : digit span forwards 3 hours after
intervention; DSB1 : Digit span backwards 1 hour after
intervention; DSB3 : Digit span backwards 3 hours after
intervention
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At 1 hour and 3 hours after intervention,
mean DSF scores were not significantly different
between the two intervention groups (p=0.842;
p=0.204). However, at 3 hours after intervention,
the DSB scores were significantly different
between the two intervention groups (p=0.041)
(Table 2). Administration of dark chocolate
resulted in significantly higher DSB scores at 3
hours after intervention than did administration
of white chocolate.
DISCUSSION
The present study demonstrates that
administration of a single dose of dark chocolate
significantly improved working memory of
medical students after 3 hours of intervention to
a higher extent than did administration of white
chocolate. These results are similar to those of
the study of Field et al.(3) who also compared
the effects of acute administration of dark and
white chocolate. In the study of Field et al. the
cognitive function of the treatment group was
better than that of the control group. The dose
of chocolate in the present study was greater than
that used in the study of Field (100g vs 35g).
For cognitive testing, Field et al.(3) used visual
spatial working memory, whereas we used DST.
The effect of flavanols on cognitive function
depends on the dose or concentration. The study
by Scholey et al.(17) used cocoa flavanols (CF)
in differing concentrations (46 mg, 520 mg, and
994 mg). Their results showed an increase in
cognitive ability and mood in subjects receiving
drinks containing CF at concentrations of 520
mg and 994 mg. The study by Mastroiacovo et
al.(18) also used drinks containing CF at similar
concentrations (48 mg, 520 mg, and 993 mg).
The results showed that subjects receiving CF
at concentrations of 520 mg and 993 mg
experienced improvement in the cognitive
aspects. In our study, the subjects were given
dark and white chocolate at a dose of 100 g.
The flavanol content of dark chocolate is around
450 mg per 100 g, whereas that of white
chocolate is approximately one-fourth that of
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dark chocolate,(15) since white chocolate contains
more additives to remove the bitter taste and
improve appearance. (2) These additives may
reduce the antioxidant content of white chocolate,
thus reducing the effectiveness of chocolate on
cognitive function.(19)
Dark chocolate has antioxidant properties
because it contains flavanols, which occur as
catechin and epicatechin monomers. (19-21) Dark
chocolate is also neuroprotective and
neurogenetic. Flavanols are lipophilic and can
therefore penetrate the blood brain barrier and
affect brain function.(1,2) In addition to their
antioxidant effect, the neuroprotective and
neurogenetic mechanisms of flavanols may occur
through the interaction of flavanols with the
intracellular signalling pathways, such as the
regulation of mitogen-activated protein kinase
(MAPK) (2), oxidative stress signalling pathways
(e.g. NF-κB), and expression of inflammatory
genes (IL-1β, TNFα).(1,22)
The flavonoids used in our study and in
previous studies originated from a variety of
sources. The study by Nurk et al.(7) used grapes,
tea, and chocolate, whereas Fournier et al.(23) used
soy milk and an isoflavone supplement as
flavonoid sources. In the present study we used
chocolate as flavonoid source, considering that
chocolate may be more popular and favored by
younger subjects. In addition, we considered the
bar form to be more practical for provision and
presentation in comparison with fresh fruit,
drinks or powders.
In the present study, the DST scores at 1
hour after chocolate consumption did not
increase significantly. This may have been
associated with the peak plasma concentration.
The peak plasma concentration of polyphenols
is usually reached within 2-3 hours after
consumption. (17,19) Flavonoids reach a peak
plasma concentration within an identical period,
so that their effects can be seen after 2-3 hours.
Therefore in the period of 1 hour after
consumption the flavonoid plasma concentration
may not have been sufficiently high to yield
clinically significant effects.
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The digit span test (DST) is frequently used
in neuropsychology and has been proven to
effectively measure cognitive function. The test
may be performed as a single test or as part of a
method comprising several tests. The DST may
be used in children (11) and in the elderly, both in
healthy elderly or in elderly with cognitive
dysfunction. (12) In the elderly, DST is more
acceptable than the Mini Mental State Evaluation
(MMSE),(12) while in healthy young persons,
MMSE is apparently too simple so that the test
results may not show any differences.
Working memory is a combination of
attention, concentration, and short-term memory
that is important for processing and manipulating
information that must be retained temporarily.(15)
This capacity is important to medical students
in following the educational process, especially
in receiving instructions from tutors or
instructors, as well as in listening to patients at
anamnesis. A good working memory may help
medical students to improve their ability to
diagnose a problem or disease, and to decide on
the measures associated with their study or
patients.
The present study has several limitations
that may have influenced the results. First, no
true blinding could be performed, since the color
of the chocolate was visible to the subjects after
the removal of the wrappings. The investigators
were unable to provide chocolate bars of identical
color but of different type. However, blinding
could still be maintained, because the subjects
had no knowledge of the effects of chocolate type
on verbal working memory. The subjects of this
study were not informed on the effects of
chocolate type on verbal working memory.
Second, no homogenization of the subjects was
performed on the basis of academic achievement,
which is an indicator of cognitive function that
may affect working memory and DST scores.
We propose to conduct further investigations on
the effect of chocolate on cognitive facilitation,
in addition to substantiation of functional brain
changes associated with the components of
cocoa.
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CONCLUSIONS
Dark chocolate as a single dose is capable
of improving verbal working memory in students,
at 3 hours after its consumption. Since cocoa
contains multiple bioactive compounds, one
approach might be to examine the neurocognitive
effects of combinations of potential functional
ingredients
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