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Abstract: Inulin is a natural food component found in many plants that are part of the human
diet (e.g., leeks, onions, wheat, garlic, chicory and artichokes). It is added to many foods and
is used to increase dietary fibre, replace fats or carbohydrates, and as a prebiotic (a stimulant of
beneficial bacteria in the colon). Oligofructose, which is also present in these foods, produces similar
effects and most research has used a combination of these products. A previous study (Smith, 2005)
investigated the effects of regular consumption of oligofructose-enriched inulin on wellbeing, mood,
and cognitive performance in humans. The results showed that oligofructose-enriched inulin had
no negative effects but that it did not improve wellbeing, mood, or performance. The aim of the
present study was to examine the acute effects of oligofructose-enriched inulin (5 g) over a 4 h period
during which the participants remained in the laboratory. A double blind placebo (maltodextrin)
controlled study (N = 47) was carried out with the order of conditions being counterbalanced and
the two sessions a week apart. On each test day mood and cognitive performance were assessed at
baseline (at 8:00) and then following inulin or placebo (at 11:00). Prior to the second test session (at
10:30) participants completed a questionnaire assessing their physical symptoms and mental health
during the test morning. The inulin and placebo were provided in powder form in 5 g sachets.
Volunteers consumed one sachet in decaffeinated tea or decaffeinated coffee with breakfast (9:00).
Questionnaire results showed that on the day that the inulin was consumed, participants felt
happier, had less indigestion and were less hungry than when they consumed the placebo. As
for performance and mood tasks, the most consistent effects were on the episodic memory tasks
where consumption of inulin was associated with greater accuracy on a recognition memory task,
and improved recall performance (immediate and delayed). Further research is required to identify
the mechanisms that underlie this effect with glucose metabolism being one candidate.
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1. Introduction

There has been considerable recent interest in the brain-gut axis which reflects the bi-directional
signaling between the gastrointestinal tract and the brain [1]. The brain-gut axis is regulated at the
neural, hormonal and immunological level [2]. Research has investigated how bacterial colonization
influences behaviour [3-5] and these effects have been shown to involve the vagal pathways [6] and
neurotransmitter systems [7]. One method of changing gut flora is to use prebiotics to stimulate
beneficial bacteria in the colon. Inulin has been shown to be a prebiotic [8,9] but also has other
properties that may lead to changes in behaviour. Inulin is a natural food component found in many
plants that are part of the human diet (e.g., leeks, onions, wheat, garlic, chicory and artichokes).
For commercial purposes it is extracted from the chicory root by diffusion in hot water. It is added
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to many foods and is used to increase dietary fibre, replace fats or carbohydrates. Research has
shown that inulin produces its most beneficial effects when combined with a similar compound,
oligofructose, and most of the published studies have used this combination.

Inulin has been widely studied (a pubmed search reveals over 10,000 articles) but there has been
little research on its behavioural effects. Animal research [10] suggests that ingestion of inulin may
lead to improved cognitive performance. This study examined the behavioural and cognitive effects
of oligofructose-enriched inulin at doses of 5% and 10% in the diet, orally ingested daily during
two weeks, using a functional observational battery (FOB) and the light extinction test in male Wistar
rats. Control rats received a standard diet and were tested in the same test situations. The behavioural
effects were assessed two days before and 14 days after the beginning of the treatment period and
the cognitive effects were investigated after the administration period by lever-pressing activity and
learning discrimination using the light extinction test paradigm. In general, the study demonstrated
that oligofructose-enriched inulin at 5% in the diet, and particularly at 10% in the diet, increased
relaxation but also stimulated and increased the general activity and interest of the rats to the test
environment. In addition, both doses of oligofructose-enriched inulin showed significant effects on
learning discrimination in male rats, in comparison with the control diet. These results suggest that
oligofructose-enriched inulin, particularly at the dose of 10%, improves cognitive performance and
the well-being of male rats. The high doses used in this study would not be ingested by humans
and most research has used doses of less than 15 g due to the increase in digestive symptoms with
high doses.

A previous study [11] tested the hypothesis that oligofructose-enriched inulin regulates the
digestive system so as to produce a state of improved psychological well-being (improved energy,
mood, and cognitive function). That study investigated the effects of regular consumption of 10 g
inulin over a 14 day period. This time period was used because it was hypothesised that inulin would
lead to prebiotic changes in gut flora which would lead to reduced fatigue due to the production of
short chain fatty acids and the elimination of toxins. The results showed that inulin had no negative
effects but that it did not improve well-being, mood, or performance.

One of the major problems with studies of free living individuals is the lack of control over
what the volunteers consume. In addition it is impossible to separate acute effects from those due
to possible longer term changes in the gut flora. The aim of the present study was, therefore, to
determine the acute effects of inulin added to a breakfast of cereal and toast, with tea or coffee
on cognitive performance and mood over a 4 h period in the laboratory. Such a study eliminates
prebiotic effects because they take a much longer time period to develop. However, inulin has been
shown to produce rapid changes in physiology that could change mood and cognition through other
mechanisms [12].

2. Methods

The study was carried out with the approval of the ethics committee, School of Psychology,
Cardiff University, and with the informed consent of the volunteers.

2.1. Design

A cross-over design was used with half the participants having the inulin on the first visit and
the placebo on the second (with one week between visits), and the other half having the placebo and
inulin conditions in reverse order.

2.2. Participants

Volunteers for the study were screened prior to inclusion using the same criteria as a previous
study of inulin and cognition [11]. They were excluded if self-reports showed that: (1) there
was existing disease or participants were receiving medication; (2) if they were heavy smokers
(>10 cigarettes a day); (3) if alcohol consumption was high (females >20 units a week; males
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> 30 units a week); and (4) if they were high fibre consumers (above 3rd quartile, as measured by a
fibre questionnaire).

A sample size calculation showed that a medium effect size required a sample of 33
(G*Power [12]). Fifty participants were recruited; however three of these withdrew from the study.
All three completed their first test session but then withdrew due to other commitments. The
remaining sample size was sufficient to detect medium sized effects.

The sample consisted of 28 females and 19 males (mean age 23.0 years, range 19-30 years).

2.3. Procedure

After recruitment volunteers were given a familiarization session with the mood and
performance tasks. On test days, participants fasted, consumed no caffeinated beverages and did
not smoke prior to arriving at the laboratory. They reported to the laboratory at 8:00 and completed
a baseline battery of computerised mood and performance tests lasting about 45 min. They were
given a breakfast similar to their habitual breakfast at 9:00, and this consisted of breakfast cereal
(cornflakes or rice crispies) and toast (with jam or marmalade). Participants were given de-caffeinated
tea or de-caffeinated coffee to which the inulin or placebo were added. Before the second test session
participants completed questionnaires relating to how they had recently been feeling over the past
seven days and over the morning that day (10:30). The next test session was at 11:00. Only one test
session was carried out as a longer period in the laboratory was not possible for some participants
and would also have required additional feeding which may alter any effects of inulin.

2.4. Inulin/Placebo

The inulin and placebo were provided in powder form by ORAFTI (Tienen, Belgium) and
volunteers consumed the contents of one sachet (5 mg) at breakfast (9:00) in a drink (decaffeinated
tea or decaffeinated coffee). This dose was used because there is some evidence of digestive problems
with larger doses.

2.5. Measures

Volunteers completed a battery of questionnaires [11] assessing their fatigue/energy, subjective
mood, physical and mental health and fibre intake over the week prior to the test day. These were
recorded to check that volunteers did not differ prior to placebo and inulin days.

At the end of the test session, volunteers completed a diary describing how they felt that
morning. The main focus was on mood (feeling energetic, fatigued, stressed, anxious, depressed,
happy), appetite and digestive problems. Responses were made on a 5-point scale from “Never” to
“Very Often” or, in the case of digestive symptoms, were Yes/No answers.

At each test session (8:00, 11:00), volunteers completed the performance tests and mood ratings
described below. This battery of tasks have been used since 1992 [13] and was based on established
tests which had been used in other forms (e.g., paper and pencil). Key features of the presentation of
the current tasks has been the use of an external response box and millisecond accuracy measurement
of response times. The version used here had an external response box connected to the serial port
of the computer. Presentation of stimuli and recording of response used a micro-chip mounted in the
response box, the package was written in visual basic and produced by Cologic Ltd. (Chichester, UK).
Tests from the battery have been used in over 100 published studies [14].

2.6. Mood

This was measured before and after the cognitive tests using 18 bi-polar visual analogue scales
(e.g., Drowsy-Alert, Tense-Calm [15]) presented on the screen of an IBM compatible computer
(Compagq, Harris County, TX, USA). An adjective was at each end of the screen and the participant
moved a cursor along a line to indicate their current mood. Scores were from 1 (very left of the line)
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to 50 (very right of the line). Factor analysis has shown that the scales load on three dimensions:
alertness, hedonic tone and anxiety.

2.7. Performance Tasks

A battery of tests were used that measure a range of functions. All of these tests were presented
on an IBM compatible PC. These tests are known to be sensitive to changes in state [16-20].

2.8. Memory Tasks

2.8.1. Free Recall Task

In this task [15] a list of 20 words were presented on the PC screen at a rate of one every 2 s.
At the end of the list, the volunteer had 2 min to write down (in any order) as many of the words
as possible (“immediate recall”). Towards the end of the test battery (approximately 40 min after
the words were presented) the volunteers were again asked to write down as many as they could
remember (“delayed recall”).

2.8.2. Delayed Recognition Memory Task

This task [15] was at the end of the test session, and volunteers were shown a list of 40 words,
which consisted of the 20 words shown at the start of the session plus 20 distracters. They had to
decide as quickly as possible whether each word was shown in the original list or not and press the
appropriate response key.

2.8.3. Logical Reasoning Task

In this task [21] the participants were shown statements about the order of the letters A and
B followed by the letters AB or BA (e.g., “A follows B: BA”). They had to read the statement
and decide whether the sentence was a true description of the order of the letters. If it was, they
pressed the “True” key on the response box; if it wasn't, they pressed the “False” key. The sentences
ranged in syntactic complexity from simple active to passive negative (e.g., “A is not followed by B”).
Volunteers carried out the task for 3 min.

2.8.4. Semantic Processing Task

This test [22] measures speed of retrieval of information from general knowledge. Volunteers
were shown a sentence and had to decide whether it was true (e.g., “canaries have wings”) or false
(e.g., “dogs have wings”) and then press the appropriate response key The number completed in
3 min was recorded, as was accuracy.

2.8.5. Spatial Memory Task

This test [15] measures ability to remember a sequence of lights. Volunteers were shown a
sequence of lights with each light appearing in a different location (a point of a pentagon) and had to
remember and repeat (by pressing buttons representing the locations) the order in which the lights
were presented. The number of trials completely correct and the % correct key presses were recorded.

2.9. Psychomotor Tasks: Simple Reaction Time Tasks

Two simple reaction time tasks [15] were performed. One of them had a variable fore-period
(1-8 s), whereas in the other the time between the warning signal and presentation of the target was
fixed (2 s). In both tasks a box was displayed on the screen and this was followed by a square (the
target) being presented in the middle of the box. The participant had to press a key on the response
box as soon as the square was detected, and following this another box was presented. These tasks
lasted for 3 min each.
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2.10. Selective Attention Tasks

2.10.1. Focused Attention Task

This choice reaction time task [23] measured various aspects of performance. In this task target
letters appeared as upper case A’s and B’s in the centre of the screen. Participants were required to
respond as quickly and as accurately as possible to the target letter presented in the centre of the
screen, ignoring any distracters presented in the periphery. The correct response to A was to press a
key with the forefinger of the left hand while the correct response to B was to press a different key
with the forefinger of the right hand. Prior to each target presentation three warning crosses were
presented on the screen, the outside crosses were separated from the middle one by either 1.02 or 2.60
degrees. The crosses were on the screen for 500 ms and were then replaced by the target letter. The
central letter was either accompanied by: (1) nothing; (2) asterisks; (3) letters which were the same
as the target; or (4) letters which differed from the target. The two distracters presented were always
identical and the targets and accompanying letters were always A or B. Participants were given ten
practice trials followed by three blocks of 64 trials. In each block there were equal numbers of near/far
conditions, A or B responses and equal numbers of the four distracter conditions. The nature of the
previous trial was controlled. This test lasted approximately 6 min.

In this task several aspects of choice responses to a target were measured. The global measures
of choice reaction time were mean reaction time and accuracy of response (percent correct) when the
target was presented alone or when distracters were present. Long response times (>800 ms) were
also recorded.

2.10.2. Categoric Search Task

This task [23] was similar to the focused attention task previously outlined. Each trial started
with the appearance of two crosses either in the central positions occupied by the non-targets in the
focused attention task, i.e., 2.04 or 5.20 degrees apart or further apart, located towards either left and
right extremes of the screen. The target letter then appeared in place of one of these crosses. However,
in this task participants did not know where the target would appear. On half the trials the target letter
A or B was presented alone and on the other half it was accompanied by a distracter, in this task a
digit (1-7). Again the number of near/far stimuli, A versus B responses and digit/blank conditions
were controlled. Half of the trials led to compatible responses (i.e., the letter A on the left side of the
screen, or letter B on the right) whereas the others were incompatible. The nature of the preceding
trial was also controlled. In other respects (practice, number of trials, etc.) the task was identical to
the focused attention task. This task also lasted approximately 6 min. As in the focused attention
task several aspects of choice responses to a target are measured. The global measures recorded were
choice reaction time and accuracy of response when the target was presented alone in either near/far
locations. Long response times (>1000 ms) were also recorded.

2.11. Sustained Attention Task: Repeated-Digits Vigilance Task

In this task [15] three-digit numbers were shown on the screen at the rate of 100 per minute.
Each number was normally different from the preceding one by one digit but occasionally (8 times
a minute) the same number was presented on successive trials. Participants had to detect these
repetitions and respond as quickly as possible. The number of hits, reaction times for hits, and false
alarms were recorded. The task lasted for 3 min.

2.12. Statistical Analysis

Analyses of the mood and performance data involved analyses of co-variance using the BMDP
P2V programme [24]. The first factors to be entered into the model were the baseline measures, which
were used as covariates. These were followed by inulin/placebo, order of conditions and then the
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interactions of all these variables. Daily diary data were analysed using Wilcoxon Signed Ranks test
for non-parametric data. Significance levels were set at p < 0.05.

3. Results

3.1. Questions about the Previous Week and the Daily Diary

Data from these questionnaires was analysed using the Wilcoxon Signed Rank test for
non-parametric data. There were no significant differences between the questions asking about the
weeks prior to the inulin and placebo conditions. However, the daily diary scores showed some
differences between inulin and placebo days.

3.1.1. Feeling Happy

There was a significant effect of condition on how often participants felt happy (z = —2.403,
p < 0.05): participants were more often happy when given the inulin than the placebo (see Table 1).

Table 1. Mean (and s.d.) scores for the two conditions (high scores = greater happiness, indigestion

and hunger).
Variable Inulin Placebo
How often happy 2.64 (0.85) 2.34 (0.98)
Indigestion 0.17 (0.38) 0.40 (0.68)
Hunger 1.55 (0.53) 1.79 (0.91)

3.1.2. Indigestion

There was a significant effect of condition on how often participants suffered with indigestion
(z=—2.296, p < 0.05): participants suffered less indigestion when given the inulin than the placebo
(see Table 1).

3.1.3. Hunger

The effect of condition on how often participants felt hungry approached significance (z = —1.799,
p = 0.072): participants felt less hungry when given the inulin than the placebo (see Table 1).

3.2. Mood Rating

The test-re-test reliability of the mood ratings (correlations between the baseline conditions on
the two test days) ranged from 0.5 (anxiety after tasks) to 0.7 (alertness before tasks). There was no
significant effect of inulin/placebo on mood scores (see Table 2).

Table 2. Mean mood scores (adjusted means; standard errors in parentheses) for the two conditions
before and after the performance tasks (high scores = greater alertness, more positive affect and
less anxiety).

Mood Variable Inulin Placebo

Alertness 232.2(9.5) 232.1(9.5)

Before cognitive tasks ~ Hedonic tone  182.2 (6.5) 181.3 (6.6)
Anxiety 89.7 (2.9) 85.6 (3.4)

Alertness 210.0 (8.4) 213.5(8.8)

After cognitive tasks Hedonic tone  174.4 (5.4) 174.9 (6.0)
Anxiety 84.6 (2.7) 83.0 (3.0)
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3.3. Memory Tasks

3.3.1. Immediate Free Recall

The test-retest reliability for the number correct was 0.9, as was the test-retest reliability for
the number of incorrect words. There was a significant effect of inulin/placebo with more words
being recalled correctly (F(1,44) = 18.68, p < 0.001) and fewer incorrect words being written down

(F(1,44) =22.20, p < 0.001) in the inulin condition (see Table 3).

3.3.2. Delayed Recall

The test-retest reliability for number of correct words was 0.6 and for number of incorrect words
it was 0.5. There was a significant effect of inulin/placebo with more words being recalled correctly
(F(1,44) = 6.72, p < 0.05) and fewer incorrect words being written down in the inulin condition

(F(1,44) = 6.99, p < 0.05; see Table 3).

Table 3. Mean recall and recognition memory scores (adjusted means; standard errors in parentheses)

for the inulin and placebo conditions.

Variable Inulin Placebo

Immediate recall: number correct 9.4 (0.4) 7.7 (0.4)
Immediate recall: number incorrect 0.8 (0.2) 1.9 (0.2)
Delayed recall: number correct 5.8 (0.4) 4.7 (0.4)
Delayed recall: number incorrect 1.2 (0.2) 2.0 (0.3)
Recognition memory: Percent correct responses 76.0 (1.6) 72.0 (1.7)
Recognition memory: mean RT (ms) 1053 (43) 951 (37)

3.3.3. Delayed Recognition Memory

There was an effect of inulin/placebo condition with better accuracy (F(1,44) = 6.74, p < 0.05) but

slower reaction times (F(1,44) = 3.99, p = 0.05) in the inulin condition (see Table 3).

3.3.4. Logical Reasoning, Semantic Processing and Spatial Memory

The test-re-test reliability of the variables from these tasks ranged from 0.7 for the percentage of
correct key presses in the spatial memory task to 0.9 for the number of trials completed in the semantic

processing task. There no significant effects of inulin on these tasks (see Table 4).

Table 4. Mean memory scores for the two conditions (by memory task). Scores are the adjusted means

from the Analysis of Covariance (standard errors in parentheses).

Task Variable Inulin Placebo
Logical reasoning Number of trials completed 49.7 (2.3) 54.6 (4.1)
% Correct responses 79.9 (2.2) 79.2 (2.5)

Semantic processing Number of trials completed 63.7 (2.0) 65.4 (1.9)
% Correct responses 92.5 (1.8) 90.6 (1.0)

Spatial memory Number of trials correct 1.58 (0.2) 1.63 (0.2)
% Correct key presses 68.4 (3.0) 68.6 (2.9)

3.4. Psychomotor Tasks and Sustained Attention

The test-re-test reliability for variables from these tasks ranged from 0.5 for vigilance false alarms
to 0.8 for simple reaction time. There were no significant effects on the simple and choice reaction time
tasks. Similarly, there were no significant effects on the repeated digits vigilance task (see Table 5).
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Table 5. Mean memory scores for the two conditions (by memory task). Score are the adjusted means
from the Analyses of Covariance (standard errors in parentheses).

Task Variable Inulin Placebo

Simple reaction time Mean reaction time (rt) (ms) 358 (7.7) 365 (8.7)
Mean rt with no distracter (ms) 520 (7.6) 526 (7.3)

Categoric search

Long responses (>800 ms) 11 (1.3) 12 (1.5)
Mean rt with no distracter (ms) 441 (8.7) 429 (9.1)
Focused attention Mean rt with distracters (ms) 438 (8.1) 435 (8.8)
Long responses (>800 ms) 2.8 (0.8) 2.5(0.8)
Mean rt (ms) 745 (14.5) 764 (16.3)
Vigilance Number of hits 16.2 (0.7) 16.0(0.8)
False alarms 11.1 (0.6) 10.9 (0.5)

4. Discussion

This preliminary study of the effects of oligofructose-enriched inulin on mood and performance
demonstrated selective improvements followed ingestion of inulin. Episodic memory tasks, namely
free recall and recognition memory, showed an improvement, whereas there were no significant
effects of inulin on mood, psychomotor performance and selective and sustained attention. Larger
doses of inulin may have different effects to the ones described here. This may reflect the increase in
digestive symptoms which may be associated with impairments rather than benefits.

The effects on memory were apparent two hours after the ingestion of the inulin which rules
out a prebiotic effect. One must ask what mechanism could underlie these acute effects of inulin.
As well as being a prebiotic inulin has been shown to have a number of other physiological effects.
For example, inulin improves lipid metabolism, increases both enzymatic and chemical protective
functions in the gut and produces a range of enteroendocrine derived peptides that are known to
create links between the gut and the brain [9]. Some of these, such as ghrelin, are known to improve
learning and memory [25].

Inulin may also enhance glycaemic control by reducing post-prandial increases in serum glucose,
delaying gastric emptying and slowing the entry of glucose into the blood stream [26]. Glucose has
often been shown to have its strongest effects of episodic memory [27] and poor glucose tolerance
is associated with impaired memory [28]. This is consistent with the findings obtained here and
future research on oligofructose-enriched inulin should combine memory tests with measures of
glucose metabolism. This should not only include levels of blood glucose but also measure glucose
intolerance and insulin resistance, both of which have been shown to influence cognition [29,30].
Future research should also compare individual administration of oligofructose and inulin with the
combined product which is favoured in commercial products.

5. Conclusions

There is a large literature on oligofructose-enriched inulin but little is known about the
behavioural changes that follow ingestion of it. The aim of the present study was to provide initial
data on the acute effects of consumption of oligofructose-enriched inulin. The results showed that
after consumption of inulin volunteers felt happier, had less indigestion and were less hungry. The
most consistent behavioural effects were an improvement of episodic memory (recall and recognition)
after consumption of inulin. Further research is now needed to identify the mechanisms that underlie
this effect.

Acknowledgments: The research described here was supported by a grant from Orafti, Belgium.

Author Contributions: Andrew Smith designed the study and was responsible for the final analyses and
writing the article. Data collection, database management and preliminary reporting were carried out by David
Sutherland and Paul Hewlett.

Conflicts of Interest: The authors declare no conflict of interest.

8894



Nutrients 2015, 7, 8887-8896

References

1. Foster, JLA. Gut feelings: Bacteria and the brain. Cerebrum. 2013. 9. Available online:
http:/ /www.dana.org/news/cerebrum/detail.aspx?id=44080 (accessed on 22 October 2015).

2. Grenham, S; Clarke, G.; Cryan, J.F; Dinan, T.G. Brain-gut-microbe communication in health and disease.
Front. Physiol. 2011. [CrossRef] [PubMed]

3. Bech-Nielsen, G.V,; Hansen, C.H.; Hufeld, M.R.; Nielsen, D.S.; Aasted, B.; Vogensen, FK.; Midtvedt, T.;
Hansen, A.K. Manipulation of the gut microbiota in C57BL/6 mice changes glucose tolerance without
affecting weight development and gut mucosal immunity. Res. Vet. Sci. 2012, 92, 501-508. [CrossRef]
[PubMed]

4. Benton, D.; Williams, C.; Brown, A. Impact of consuming a milk drink containing a probiotic on mood and
cognition. Eur. J. Clin. Nutr. 2007, 61, 355-361. [CrossRef] [PubMed]

5. Bercik, P; Denou, E.; Collins, J.; Jackson, W.; Lu, J.; Jury, J.; Deng, Y.; Blennerhassett, P.; Macri, J.;
Mckoy, K.D.; et al. The intestinal microbiota affect central levels of brain-derived neurotropic factor and
behavior in mice. Gasteroenterology 2011, 141, 599-609. [CrossRef] [PubMed]

6. Bercik, P; Park, AJ.; Sinclair, D.; Khosdel, A.; Lu, J.; Huang, X.; Deng, Y.; Blennerhassett, P.; Macri, J.;
Fahnestock, M.; et al. The anxiolytic effect of Bifidobacterium Longum NCC3001 involves vagal pathways for
gut-brain communication. Neurogastroenterol. Motil. 2011, 23, 1132-1139. [CrossRef] [PubMed]

7. Bravo, J.A.; Forsythe, P.; Chew, M.V,; Escaravage, E.; Savignac, H.M.; Dinan, T.G.; Bienstock, J.; Cryan, J.F.
Ingestion of Lactobacillus strain regulates emotional behavior and central GABA receptor expression in a
mouse via the vagus nerve. Proc. Natl. Acad. Sci. USA 2011, 108, 16050-16055. [CrossRef] [PubMed]

8.  Gibson, G.R.; Beatty, E.R.; Wang, X.; Cummings, ].H. Selective stimulation of bfidobacteria in the human
colon by oligofructose and inulin. Gastroenterology 1995, 975-982. [CrossRef]

9.  Roberfroid, M. Inulin-type fructans: Functional food ingredients. J. Nutr. 2007, 137, 24935-25025.

10. Messaoudi, M.; Rozan, P.; Nejdi, A.; Hidalgo, S.; Desor, D. Behavioural and cognitive effects of
oligofructose-enriched inulin in rats. Br. J. Nutr. 2005, 93 (Suppl. S1), S27-530. [CrossRef] [PubMed]

11. Smith, A.P. The concept of well-being: Relevance to nutritional research. Br. J. Nutr. 2005, 93 (Suppl. S1),
S1-S5. [CrossRef] [PubMed]

12. Faul, F; Erdfelder, E.; Lang, A.-G.; Buchner, A. G*Power 3: A flexible statistical power analysis program for
the social, behavioral, and biomedical sciences. Behav. Res. Methods 2007, 39, 175-191. [CrossRef] [PubMed]

13. Smith, A.P; Wilson, S.J.; Glue, P.; Nutt, D.J. Effects and after-effects of the alpha-2-adrenoceptor antagonist
Idazoxan on mood, memory and attention in normal volunteers. ]. Psychopharmacol. 1992, 6, 376-381.
[CrossRef] [PubMed]

14. Smith, A.P. Researchgate 2015. Available online: https://www.researchgate.net/profile/ Andrew_Smith24
(accessed on 21 October 2015).

15. Smith, A; Sturgess, W.; Gallagher, J. Effects of a low dose of caffeine given in different drinks on mood and
performance. Hum. Psychopharmacol. Clin. Exp. 1999, 14, 473-482. [CrossRef]

16. Smith, A.P. Activation states and semantic processing: A comparison of the effects of noise and time of day.
Acta Psychol. 1987, 64, 271-288. [CrossRef]

17.  Smith, A.P; Tyrrell, D.A]J.; Al-Nakib, W.; Coyle, K.B.; Donovan, C.B.; Higgins, P.G.; Willman, ].S. Effects
of experimentally-induced virus infections and illnesses on psychomotor performance. Neuropsychobiology
1987, 18, 144-148. [CrossRef] [PubMed]

18. Smith, A.P,; Rusted, ].M.; Eaton-Williams, P.; Savory, M.; Leathwood, P. Effects of caffeine given before and
after lunch on sustained attention. Neuropsychobiology 1990, 23, 160-163. [CrossRef] [PubMed]

19. Smith, A.P; Maben, A. Effects of sleep deprivation, lunch and personality on performance, mood and
cardiovascular functioning. Physiology and Behavior 1993, 54, 967-972. [CrossRef]

20. Smith, A.P; Christopher, G.; Sutherland, D. Acute effects of caffeine on attention: A comparison of
non-consumers and withdrawn consumers. |. Psychopharmacol. 2013, 27, 77-83. [CrossRef] [PubMed]

21. Baddeley, A. A three minute reasoning test based on grammatical transformation. Psychon. Sci. 1968, 10,
341-342. [CrossRef]

22. Baddeley, A. The cognitive psychology of everyday life. Br. J. Psychol. 1981, 72, 257-269. [CrossRef]

23. Broadbent, D.E.; Broadbent, M.H.P.; Jones, J.L. Performance correlates of self-reported cognitive failure and

obsessionality. Br. J. Clin. Psychol. 1986, 25, 285-299. [CrossRef] [PubMed]

8895


http://dx.doi.org/10.3389/fphys.2011.00094
http://www.ncbi.nlm.nih.gov/pubmed/22162969
http://dx.doi.org/10.1016/j.rvsc.2011.04.005
http://www.ncbi.nlm.nih.gov/pubmed/21543097
http://dx.doi.org/10.1038/sj.ejcn.1602546
http://www.ncbi.nlm.nih.gov/pubmed/17151594
http://dx.doi.org/10.1053/j.gastro.2011.04.052
http://www.ncbi.nlm.nih.gov/pubmed/21683077
http://dx.doi.org/10.1111/j.1365-2982.2011.01796.x
http://www.ncbi.nlm.nih.gov/pubmed/21988661
http://dx.doi.org/10.1073/pnas.1102999108
http://www.ncbi.nlm.nih.gov/pubmed/21876150
http://dx.doi.org/10.1016/0016-5085(95)90192-2
http://dx.doi.org/10.1079/BJN20041348
http://www.ncbi.nlm.nih.gov/pubmed/15877891
http://dx.doi.org/10.1079/BJN20041351
http://www.ncbi.nlm.nih.gov/pubmed/15877882
http://dx.doi.org/10.3758/BF03193146
http://www.ncbi.nlm.nih.gov/pubmed/17695343
http://dx.doi.org/10.1177/026988119200600306
http://www.ncbi.nlm.nih.gov/pubmed/22291383
http://dx.doi.org/10.1002/(SICI)1099-1077(199910)14:7&lt;473::AID-HUP129&gt;3.0.CO;2-D
http://dx.doi.org/10.1016/0001-6918(87)90012-6
http://dx.doi.org/10.1159/000118408
http://www.ncbi.nlm.nih.gov/pubmed/3453430
http://dx.doi.org/10.1159/000119444
http://www.ncbi.nlm.nih.gov/pubmed/2098674
http://dx.doi.org/10.1016/0031-9384(93)90310-C
http://dx.doi.org/10.1177/0269881112460112
http://www.ncbi.nlm.nih.gov/pubmed/22992376
http://dx.doi.org/10.3758/BF03331551
http://dx.doi.org/10.1111/j.2044-8295.1981.tb02184.x
http://dx.doi.org/10.1111/j.2044-8260.1986.tb00708.x
http://www.ncbi.nlm.nih.gov/pubmed/3801732

Nutrients 2015, 7, 8887-8896

24.
25.

26.

27.

28.

29.

30.

BMDP Statistical Package, BMDP-2009; Statistical Solutions Ltd.: Cork, Ireland, 2009.

Beck, B.; Pourie, G. Ghrelin, neuropeptide Y, and other feeding-regulatory peptides active in the
hippocampus: Role in learning and memory. Nutr. Rev. 2013, 71, 541-561. [CrossRef] [PubMed]

Dehgan, P.; Pourghassem, C.B.; Asghari, ]. M. Oligofructose-enriched inulin improves some inflammatory
markers and metabolic ebdotoxemia in women with type 2 diabetes mellitus: A randomized controlled
clinical trial. Nutrition 2014, 30, 418-423. [CrossRef] [PubMed]

Dye, L.; Lluch, A.; Blundell, J. Macronutrients and mental performance. Nutrition 2000, 16, 1021-1034.
[CrossRef]

Convit, A.; Wolf, O.T.; Tarshish, C.; de Leon, M.]. Reduced glucose tolerance is associated with poor memory
performance and hippocampal atrophy among normal elderly. PNAS 2003, 100, 2019-2022. [CrossRef]
[PubMed]

Watson, G.S.; Croft, S. Insulin resistance, inflammation and cognition in Alzheimer’s Disease: Lessons for
Multiple Sclerosis. J. Neurol. Sci. 2006, 245, 21-33. [CrossRef] [PubMed]

Kerti, L.; Witte, A.V.,; Winkler, A.; Gritter, U.; Rujescu, D.; Floel, A. Higher glucose levels associated
with lower memory and reduced hippocampal microstructure. Neurology 2013, 81, 1746-1752. [CrossRef]
[PubMed]

® © 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open
@ access article distributed under the terms and conditions of the Creative Commons by

Attribution (CC-BY) license (http://creativecommons.org/licenses /by /4.0/).

8896


http://dx.doi.org/10.1111/nure.12045
http://www.ncbi.nlm.nih.gov/pubmed/23865799
http://dx.doi.org/10.1016/j.nut.2013.09.005
http://www.ncbi.nlm.nih.gov/pubmed/24332524
http://dx.doi.org/10.1016/S0899-9007(00)00450-0
http://dx.doi.org/10.1073/pnas.0336073100
http://www.ncbi.nlm.nih.gov/pubmed/12571363
http://dx.doi.org/10.1016/j.jns.2005.08.017
http://www.ncbi.nlm.nih.gov/pubmed/16631207
http://dx.doi.org/10.1212/01.wnl.0000435561.00234.ee
http://www.ncbi.nlm.nih.gov/pubmed/24153444

	Introduction 
	Methods 
	Design 
	Participants 
	Procedure 
	Inulin/Placebo 
	Measures 
	Mood 
	Performance Tasks 
	Memory Tasks 
	Free Recall Task 
	Delayed Recognition Memory Task 
	Logical Reasoning Task 
	Semantic Processing Task 
	Spatial Memory Task 

	Psychomotor Tasks: Simple Reaction Time Tasks 
	Selective Attention Tasks 
	Focused Attention Task 
	Categoric Search Task 

	Sustained Attention Task: Repeated-Digits Vigilance Task 
	Statistical Analysis 

	Results 
	Questions about the Previous Week and the Daily Diary 
	Feeling Happy 
	Indigestion 
	Hunger 

	Mood Rating 
	Memory Tasks 
	Immediate Free Recall 
	Delayed Recall 
	Delayed Recognition Memory 
	Logical Reasoning, Semantic Processing and Spatial Memory 

	Psychomotor Tasks and Sustained Attention 

	Discussion 
	Conclusions 

