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flora. Acetate goes to muscle and ATP is generated. As described above, short-term fatty acids also have
neuro-active properties. Gut fermentation and subsequent use of short-term fatty acids can contribute
significantly to a person’s energy requirements. The second possible mechanism is detoxification. Clostridia are
known to form neurotoxins and these come from protein metabolism not from carbohydrate or fibre. Fibre
stimulates benign flora (bifidobacteria, lactobacilli) that cannot make toxins. These two effects of prebiotics may
occur at different speeds, with detoxification being relatively slow.

The present study has a number of limitations, the most obvious being the lack of appropriate measures to
identify underlying mechanisms. In order to examine the gut-brain axis it will be important to adopt innovative
and methodologically sound approaches. These could involve metagenomics, metatranscriptonomic and
metaproteonomic analysis (Desmedt et al., 2019). Highly sensitive gas or liquid chromatography combined with
mass spectroscopy will allow measurement of changes of key metabolites in biological fluids. Imaging mass
spectroscopy will allow a clearer profile of the dialogue between gut microbes and the brain. The study of
pre-biotic effects has involved faecal sampling but it will now be important to also use other invasive techniques
to examine microbiota activity in the upper part of the gut (Desmedt et al., 2019).

In conclusion, the results from the present study add to our knowledge of gut-brain interactions. They suggest
that there is a need to consider multiple mechanisms which means that a great deal of additional measurement of
physiological changes is required to identify the causes of specific effects. The need for the appropriate
measurement of the microbiota is essential to establish any claims for prebiotic effects. The presence of a range
of underlying mechanisms suggests that it is important to consider appropriate indicators of them in order to
understand what underlies specific behavioural changes.
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Effects of Oligofructose-enriched Inulin and Digestive Symptoms on
Subjective Wellbeing, Mood and Cognitive Performance

APPENDIX 1
Performance tests and mood ratings

The following tests were used because they are reliable and sensitive measuring instruments that assess a range
of cognitive abilities (selective and sustained attention, episodic, working and semantic memory, psychomotor
speed etc). They are also in a form that is easy to use by a wide cross-section of the population.

Mood

This was measured using 18 bi-polar visual analogue scales (e.g. Drowsy-Alert, Tense-Calm; after Herbert,
Johns and Dore, 1976) presented on the screen of an IBM compatible computer.

Performance Tasks

A battery of tests was used that measured 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 (see Smith et al., 1995).

Memory Tasks
Free Recall Task

A list of 20 words was presented on the PC screen at a rate of one every 2 sec. 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 30 minutes after the words were presented) the volunteers
were again asked to write down as many as they could remember (“delayed recall”).

Delayed Recognition Memory Task

At the end of the test session, volunteers were be shown a list of 40 words, which consist 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.

Logical Reasoning Task

In this task the volunteers 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”). The volunteers had to read the statement and decide whether the sentence is
a true description of the order of the letters. If it was, the participant 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.

Semantic Processing Task

This test 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”). The number
completed in 3 min was recorded.

Psychomotor Tasks
Simple Reaction Time Tasks

Two simple reaction time tasks were performed. One of them had a variable fore-period (1-8 secs), whereas in
the other the time between the warning signal and presentation of the target was fixed (2 secs). 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 volunteer 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 last for 3 minutes each.

Selective Attention Tasks
Categoric Search Task

This task was also developed by Broadbent et al. (1986, 1989). 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
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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 minutes. As in the focused attention task several aspects of choice
responses to a target were measured. The global measures recorded were choice reaction time and accuracy of
response when the target is presented alone in either near/far locations. Long response times (> 1000 msecs)
were also recorded. A more specific aspect of choice response was measured, recording choice reaction time and
accuracy with which new information was encoded. In addition specific aspects of selective attention were
measured. For each of these variables outlined below, mean reaction time and accuracy were calculated. A
measure of response organisation was recorded. This refers to the effect of compatibility of the target position
and the response key upon reaction time and accuracy. A further measure of place repetition was taken which
refers to the effect of target location (i.e., the target appearing in the same or a different place on successive
trials). A measure of spatial uncertainty was also taken which describes the extent to which not knowing the
location of the target (in near or far locations) hinders both reaction time and accuracy.

Sustained Attention Task
Repeated-Digits Vigilance Task

Three-digit numbers were shown on the screen at the rate of 100 per minute. Each was normally different from
the preceding one but occasionally (8 times a minute) the same number was presented on successive trials.
Subjects 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.

Appendix 2
Assessment of previous 7-day period

Below is a list of problems which may or may not apply to you. For each problem, please say to what extent you
have experienced this during the past 7 days (including today). Do not think for too long before answering but
give your immediate reaction. Please be careful not to miss out any of the items. Remember, we are talking about
the past week and not in general. Give your answer by circling any number from 1 to 7 to the right of the item,
where:

Not at all Moderately Extremely
1. Feeling physically tired even when taking things easy 1 2|3 4 5|6 7
2. Your limbs feeling heavy 1 2|3 4 5|6 7
3. Getting easily upset by things 1 2|3 4 5|6 7
4. Difficulty concentrating 1 2|3 4 5|6 7
5. Stomach pain 1 2|3 4 5|6 7
6. Not having the physical energy to do anything 1 2|3 4 5|6 7
7. Difficulty standing for long 1 2|3 4 5|6 7
8. Losing your temper easily 1 2|3 4 5|6 7
9. Difficulty remembering things 1 2|3 4 5|6 7
10. Muscles feel weak even after resting 1 2|3 4 5|6 7
11. Feeling depressed 1 2|3 4 5|6 7
12. Muscles tender to the touch 1 213 4 5|6 7
13. Slowness of thought 1 2|3 4 5|6 7
14. Tremor or twitching 1 2|3 4 5|6 7
15. The slightest exercise making you physically tired 1 2|3 4 5|6 7
16. Being irritable 1 2|3 4 5|6 7
17. Difficulty reasoning things out 1 2|3 4 5|6 7
18. Burning, tingling or crawling sensations 1 2|3 4 5|6 7
19. Numbness in some part of your body 1 2|3 4 5|6 7
20. Back pain 1 2|3 4 5|6 7
21. Feeling anxious 1 2|3 4 5|6 7
22. A feeling of confusion (‘mental fog’) 1 2|3 4 5|6 7
23. Bouts of sweating (day or night) 1 2|3 4 5|6 7
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24, Feeling physically drained 1 2|3 4 5|6 7
25. Dizziness or giddiness 1 2|3 4 5|6 7
26. Absent-mindedness 1 2|3 4 5|6 7
27. Worrying about things that do not matter 1 2|3 4 5|6 7
28. Feeling physically tired even after a good night’s sleep 1 2|3 4 5|6 7
29. Difficulty understanding; e.g. what someone was saying to you 1 2|3 4 5|6 7
30. Feeling pessimistic about the future 1 2|3 4 5|6 7
31. Cold hands or feet 1 2|3 4 5|6 7
32. Having to stop doing something, that was easy in itself, 1 2|3 4 5|6 7
because it made you tired
33. Muscles feeling weak after slight exercise

34. Difficulty following things; e.g. a simple plot on TV

35. Hot or cold spells

36. Feeling tense

37. Feeling faint

38. Difficulty finding the right word
39. Feeling chilled or shivery

40. Tearfulness

41. Irregular or rapid heartbeats

42. Feeling worthless

43. Forgetting what you were trying to say

44. Being easily angered when things went wrong

45. Feeling mentally tired even after a good night’s sleep
46. Diarrhoea or constipation

47. Feeling nervous

48. Feeling sad

49. The slightest effort making you mentally tired
50. Feeling like you had a temperature

51. Other people annoying you

52. A sore throat

53. Feelings of resentment

54. Being slow to react

RlRrlRrlRr|lRrRr|Rr|lRrRr|lRr|Rr|Rr|Rr[Rr|Pr|P[R|P|[R,|P |~ |~
[SEINE SRR IR T CR R FCR TR FCR ECR TR FCR EOR FCR T O EON PO DO F R E O N
W w|w|w|w|w|w|[w|w|w|w|w lw|w|w|w|w|lw|w|w|w]|w
N IO O I O I O I O I SO I O [N O G [N N O I O I O N N S N N S
alo|jo|o|lo|joa|lajo|la|lo|joa|loafo|ja|lo|jo|lo|lo|oa]|o|jo|o
o|lo|o|o|lo|o|o|jo|o|o|o|o|o|o|o|o|o|lo|o|o|o|o
BN EN ENT BN BN BN BN BN BN BN BN PN ENE EN BN ENE BN BN BN ENE ENE BN

Below are a list of words that describes feelings people have. We would like to know to what degree each word
describes how you have been feeling during the past 7 days. Please circle the number which you feel most
applies to you.

Notatall | Alittle | Moderately | Quite abit | Extremely
1 How attentive have you felt? 0 1 2 3 4
2 How distressed have you felt? 0 1 2 3 4
3 How proud? 0 1 2 3 4
4 How nervous? 0 1 2 3 4
5 How sad have you felt? 0 1 2 3 4
6 How active? 0 1 2 3 4
7 How friendly? 0 1 2 3 4
8 How angry have you felt? 0 1 2 3 4
9 How dissatisfied with yourself? 0 1 2 3 4
10 | How tired? 0 1 2 3 4
11 | How healthy have you felt? 0 1 2 3 4
12 | How calm? 0 1 2 3 4
13 | How guilty have you felt? 0 1 2 3 4
14 | How scared have you felt? 0 1 2 3 4
15 | How happy? 0 1 2 3 4
16 | How emotionally strong have you felt? 0 1 2 3 4
17 | How confident have you felt? 0 1 2 3 4
18 | How angry at yourself? 0 1 2 3 4
19 | How upset? 0 1 2 3 4
20 | How alert have you felt? 0 1 2 3 4
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21 | How irritated?

22 | How depressed?

23 | How enthusiastic have you felt?

24 | How sleepy?

25 | How warm-hearted have you felt?

26 | How excited have you felt?

27 | How hostile?

28 | How shaky?

29 | How determined have you felt?

olo|lo|o|Oo|Oo|Oo|Oo|O|OC

30 | How content?

NN

NINININININININININ

WWWWWwWwWw|w|w|w

B R e e e N L AR R B

SYMPTOM CHECK-LIST
Please tick the boxes which best describe any symptoms over the last 7 days:

© © N o gk wDhRE

DN RN RNNNDNDERERRR R B2 B B B
© 0k WDNEFP O O N 0k wDdhPEOo

Physical weakness
Excessive fatigue
Legs feeling heavy
Muscle pain in back, arms or legs
Pain in chest

Painful joints

Nausea

Indigestion

Bloated stomach
Wind

Sore throat

Headache

Earache

Sore eyes

Sensitive to noise
Sensitive to light
Feeling hot/cold
Sweating

Shivering

Swollen glands
Racing heart
Insomnia

Depression
Anxiety/Panic feelings
Loss of concentration
Loss of memory

SLEEP

Please complete the following questions about your nightly sleeping habits over the past 7 days.

1

How many hours, on average, did you sleep at night?

hours

Never

Almost never

Sometimes

Fairly often | Very often

How often did you feel rested from your night’s sleep?

0

1

2

3 4

w

How often did you have difficulty falling asleep at night?

0

1

2

3 4

How often did you awaken earlier than your usual waking time?

0

1

2

3 4
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This questionnaire is designed to help describe how you have felt over the last 7 days. Read each item and then
place a tick in the numbered box which comes closest to how you have been feeling in the past week. Try to give
your first reaction. This will probably be more accurate than spending a long time thinking about an answer.

1 | | felt tense or wound up 8 | felt as if | was slowed down
Most of the time 3 Nearly all the time 3
Alot of the time 2 Very often 2
Time to time, occasionally 1 Sometimes 1
Not at all 0 Not at all 0
2 | Istill enjoyed the things I used to enjoy 9 I got a sort of frightened feeling like “butterflies” in
Definitely as much 0 the stomach
Not quick so much 1 Not at all 0
Only a little 2 Occasionally 1
Hardly at all 3 Quite often 2
Very often 3
3 | I got a sort of frightened feeling as it something awful is 10 | Ilost interest in my appearance
about to happen Definitely 3
Very definitely and quite badly 3 1 don’t take as much care as I should 2
Yes, but not too badly 2 I may not take quite as much care 1
Alittle, but it doesn’t worry me 1 | take just as much care as ever 0
Not at all 0
4 | 1 could laugh and see the funny side of things 11 | I felt restless as if | have to be on the move
As much as | always could 0 Very much indeed 3
Not quite as much now 1 Quite a lot 2
Definitely not so much now 2 Not very much 1
Not at all 3 Not at all 0
5 | Worrying thoughts went through my mind 12 | 1 looked forward with enjoyment to things
A great deal of the time 3 As much as | ever did 0
Aot of the time 2 Rather less than | used to 1
From time to time but not too often 1 Definitely less than | used to 2
Only occasionally 0 Hardly at all 3
6 | I felt cheerful 13 | I got sudden feelings of panic
Not at all 3 Very often indeed 3
Not often 2 Quite often 2
Sometimes 1 Not very often 1
Most of the time 0 Not at all 0
7 | lcould sit at ease and feel relaxed 14 | | could enjoy a good book or radio or TV
Definitely 0 programme
Usually 1 Often 0
Not often 2 Sometimes 1
Not at all 3 Not often 2
Very seldom 3
FIBRE INTAKE
Over the last 7 days:
1 | What kind of breakfast cereal did you eat regularly?
All-Bran, other high bran 1
cereal
Puffed wheat, bran flakes, wheat biscuits, shredded wheat, 2
wheat flakes, other whole wheat cereal, oat bran flakes
Muesli 3
Corn flakes, Rice 4
Krispies, other cereal
Don’t eat breakfast cereal 5
2 | On atypical weekday, how many slices of bread did you eat? (a roll counts as two slices of bread)
None 1
1to2 2
3t05 3
6 or more 4
3 | What sort of bread did you usually eat?
Wholemeal 1
Brown (not wholemeal) 2
White 3
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Mixture of bread types | | 4

4 | On atypical weekday, how many biscuits would you eat?

5 or more

3or4

lor2 3

Only eat biscuits once or
twice in a week

Rarely or never eat

biscuits 5

5 | How many times a week | Twice or | Once a | 5-6 times | 3-4 times | Twice a | Once a | Once a | Less than once
did you eat these foods? more aday | day a week a week week week fortnight a fortnight

Baked beans 1 3 4 5 6 7 8

Breakfast cereal

Fresh fruit

Tinned fruit

~N |~~~

Dried fruit

NI
NN NN NN
w |w|lw|w|w
B I~ I~ B S I
o |o|o|o|o
o |lo|lo|lo|o
o |co|oo|oo |

Leafy vegetables, e.g.
cabbage

Root  vegetables, e.g.
carrots

N
o
~

Jacket potatoes

Boiled potatoes

Mashed potatoes

Roast potatoes

Chips

Biscuits

Rice

Pasta

Crispbreads

Crisps

Salads

Rl |RrRr|krRr|R |~
NN NN N[NNI D] N
wWwlwlwlw|lwlw|lw|lw|w|w|w]| w
I NS N N NN N N N N NS
a|la|la|la|la|jla|la|la|loa|oa|ox

ol|lo|lo|lo|lo|lo|o|lo|o|o|o| o
NI BN ENE ENE BN PN BN BN BN ENE BN

o |oo|co|oo|co|o|oo|o|w|w|w| o

Using this scale, we’d like to ask you about some physical symptoms that people often experience.

For each symptom we would like you to indicate how much that problem has bothered or distressed you during
the past seven days, including today. For each, we’d like you to answer by circling ‘not at all’, ‘a little bit’,
‘moderately’, ‘quite a bit’ or ‘extremely’.

In the past seven days how often were you bothered by:

Notatall | Alittle bit | Moderately | Quite abit | Extremely
1 Constipation 0 1 2 3 4
2 Diarrhoea 0 1 2 3 4
3 Indigestion 0 1 2 3 4
4 Nausea and/or vomiting 0 1 2 3 4
5 Stomach pains (not including menstrual pain) | 0 1 2 3 4
6 Wind 0 1 2 3 4
7 Poor appetite 0 1 2 3 4
8 Weight loss/feeling slimmer 0 1 2 3 4
9 Pain in Bowels 0 1 2 3 4
10 | Incomplete evacuation of bowels 0 1 2 3 4
11 | Bloatedness 0 1 2 3 4
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Name:

Age: | Sex: | Weight: Height:

Below is a series of questions which enquire about your usual daily consumption of drinks. Remember that each question relates to what you
choose to drink on a normal day.

TEA AND COFFEE |

How many cups of caffeinated coffee do you drink? (please

- 0 1 2 3 4 5 6 718 9
circle)

If more than 9, please specify:

How many cups of decaffeinated coffee do you drink? (please

. 0 1 2 3 4 5 6 718 9
circle)

If more than 9, please specify:

How many cups of caffeinated tea do you drink? (please circle) 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9

If more than 9, please specify:

How many cups of decaffeinated tea do you drink? (please circle) | 0 1 2 3 4 5 6 718 9

If more than 9, please specify:

FRUIT TEAS |

Do you drink fruit/herbal tea? (please circle) Yes | No

CANNED SOFT DRINKS |

How many cans/bottles of caffeine-containing soft drinks do you
drink? (please circle) 0 1 2 3 4 5 6 7 8 9

If more than 9, please specify: |

How many cans/bottles of soft drinks do you drink which do not
contain caffeine? (please circle) 0 1 2 3 4 5 6 7 8 9

If more than 9, please specify:

FRUIT JUICE | |

How many glasses of fresh fruit juice do you drink? (please

. 0 1 2 3 4 5 6 718 9
circle)

If more than 9, please specify:

How many bottles of still fruit juice (e.g. Oasis) do you drink?

. 0 1 2 3 4 5 6 718 9
(please circle)

If more than 9, please specify:

BOTTLED WATER

How many bottles of water do you drink? (please circle) 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9
If more than 9, please specify:

OTHER

Please list any other non-alcoholic drinks regularly consumed:

Appendix 3
Daily Diary

The following questions are about your health over the last 12 hours. Please circle the number which
corresponds to your state of health during that time:

Never | Almost never | Sometimes | Fairly often | Very often
1 Today, how often have you felt physically fatigued? 0 1 2 3 4
2 Today, how often have you felt mentally fatigued? 0 1 2 3 4
3 Today, how often have you felt anxious? 0 1 2 3 4
4 Today, how often have you felt depressed? 0 1 2 3 4
5 Today, how often have you felt stressed? 0 1 2 3 4
6 Today, how often have you felt happy? 0 1 2 3 4
7 Today, how often have you had trouble remembering things? 0 1 2 3 4
Today, how often have you had problems
8 . . 0 1 2 3 4
concentrating on what you were doing?

9 Today, how often have you suffered from indigestion? 0 1 2 3 4
10 | Today, have you suffered from diarrhoea? Yes No

11 | Today, have you suffered from constipation? Yes No

12 | Today, how often have you had a headache? 0 1 2 3 4
13 | Today, how often have you suffered from shivering or sweating? 0 1 2 3 4
14 | Today, how often have you felt energetic? 0 1 2 3 4
15 | Today, how often have you had a sore throat or swollen glands? 0 1 2 3 4
16 | Today, have you suffered from a cold or influenza? Yes No

17 | Today, have you had problems sleeping? Yes No
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18 | Today, how often have you felt refreshed? 0 1 2 3 4
19 | Today, how often have you felt hungry? 0 1 2 3 4
20 | How energetic have you been today? 0 1 2
21 | How have you felt your weight to be today? 0 1 2
22 | Today, do you feel more energised? 0 1 2
23 | Today, do you feel re-vitalised? 0 1 2
24 | Today, do you feel you have more “get up and go”? 0 1 2
25 | Today, do you feel less lethargic? 0 1 2
26 | Today, do you feel less sluggish? 0 1 2
27 | Today, do you feel lighter? 0 1 2
DAILY RECORD OF EVACUATION OF BOWELS
How many times did you pass motions today?
How many stools did you pass?
Stool size
Were they generally: (please circle)
1. 2. 3. 4. 5.
@ Very small | Small | Medium | Large Very large
1. 2. 3. 4.
) Very soft Soft Hard Very hard
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