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Irritable bowel syndrome (IBS) is a disease involving the dysfunction of the the brain-gut-gut microbiota —
axis, causing symptoms such as altered bowel habits, abdominal pain, bloating, fatigue and anxiety. Its
prevalence globally is 10 percent. There is no cure, but symptoms can be managed with pharmacological,
psychological and lifestyle and dietary measures. The most used dietary treatment is a diet that limits the
intake of poorly absorbed carbohydrates that are easily fermented in the gut, hence, alleviating typical gut
symptoms of IBS. This low FODMAP diet has been shown in clinical trials to alleviate symptoms in up to 70
percent of IBS patients. FODMAP stands for Fermentable Oligo-, Di- and Monosaccharides And Polyols.

The low FODMAP diet has been implemented in various cuisines around the world, but data on the
FODMAP content of typical Nordic foods is limited. The aim of this study was to analyse the FODMAP
content of some typical Finnish foods (per 100g and per portion) and evaluate whether they passed the
cutoff values for the low FODMAP diet. Products analysed were lingonberry, bilberry, wild cranberry, oat
bread, wheat bread, rye bread and crispbread, various spelt products and some snacks and sweets.
Products analysed were lingonberry, bilberry, wild cranberry, oat bread, wheat bread, rye bread and
crispbread, various spelt products and some snacks and sweets.

Samples were collected in Finland and taken to Australia, where they were processed and analysed using
high-performance liquid chromatography and fructan assay at Monash University in Melbourne, Australia.
The data were then further processed into tables and figures indicating the FODMAP content of products per
100 g and per portions. It was further evaluated, if the foods per 100 g or per portion passed the low
FODMARP criteria that is used to evaluate whether foods are suitable on the low FODMAP diet.

Blackcurrants contained large amounts of sorbitol per 12.5 g and per 25 g portions (0.44 g/100 g and 0.88
g/100 g, respectively). A small portion (12,5 g) and a larger portion (25 g) of sea buckthorn contained excess
fructose (0.28 g and 0.55 g, respectively), but only traces of other FODMAPSs. Lingonberry and bilberry
portions did not contain FODMAP compounds in significant amounts. The main FODMAP type in grain
products was fructan. An oat bread slice contained only 0.06 g, whereas wheat breads contained 0.11-0.21 g
per slice. Gluten-free, wheat-starch breads fructans content was 0.14-0.20 g. Spelt crispbreads contained
0.10-0.15 g of fructans a piece, being less than in rye crispbread (0.48 g) and sourdough rye crackers (0.22-
0.34 g). Fructan content in fresh rye bread varied from 0.31 g to 0.54 g. Of the snacks tested, oat biscuits
proved to contain very litle FODMAP compounds.

As the sampling procedure could not be adhered to in detail, the findings of this study should be regarded as
preliminary and generalisations should be done with caution. Based on the results of this study, people on
the low FODMAP diet can add lingonberry, bilberry and some oat bread, and biscuits and spelt porridge to
their diet. Some foods, like sea buckthorn and wild cranberries, can also be included in the diet in small
amounts. Most grain products were high in FODMAPSs, but further studies are needed due to variability of
findings.

Keywords: IBS, irritable bowel syndrome, low FODMAP diet, FODMAP, fermentable poorly absorbed
carbohydrates.

The originality of this thesis has been checked using the Turnitin OriginalityCheck service.



f

- J Tampere University

TABLE OF CONTENT
I. INTRODUGCTION ....ooiitiiiieiieiiete ettt ettt et et ete et esteesteestesseenteeneesseenseeneesseenseensenseensesneans 1
2. REVIEW OF LITERATURE ......oooiiieieeeee ettt sttt 3
2.1, Prevalence Of IBS..... ..ot e et e e e e e ennes 3
2.2, Eti0logy and 1iSK faCtOTS .....c.ueiiiiiieiie et e 4
S B <) GOSN 4
W € 1<) 1 1<) 5 1SS 4
2.2.3. Epigenetics and tralMa .........ccueeeiiieeiiieeiiiieeiieeeieeeeieeesiteeesereeenseeesseesnneesnnneesnnes 5
PR B € 111111 Tor (0] o) 10 : ISR 5
B T o 0TS £ 14§ <713 10 ) USSR 6
2.3, Diagnostics OF IBS .....oooiiiiee e e 6
2.4.  Characteristics of IBS SYMPtOMS.......ccoiiiieiiiiiiiieeieecie e 7
2.4.1. Bloating and flatUs .........cceeeiiieeiiieeiie ettt 8
B B ) s OSSR 8
P B T S 5 ¥ 1< USSR 8
2.4.4. Anxiety and dePreSSION .......ccccueeeiiieeiiieeitieeieeeeieeeeteeesteeesereeeereeesreeenaeeenaeeennes 9
2.4.5. Upper GI SYMPLOMIS ..cceeueiiieiiiiiiee et eeittee ettt ee et ee e et e e e e e e snneeee s 10
2.5, COSt O IBS .ttt ettt ettt et et e 10
2.6.  Established treatment ...........coeeiiiieiiiieiiic et e eaee e eaaeesaee e 11
2.6.1. Plasebo and NOCEDO ........ccuiiiriiieeiiieeiie ettt et e e s sree e 11
2.6.2. Lifestyle Mmanagement ............ccceecuieeiiieeiiieeiieeeieeeeieeesreeesreeeseveeeereesneeessneenns 12
2.6.3. Psychological treatment ............ccccuieeiiieeiiieeiee e eeite et eeree e e s e e sree e 12
2.6.4. Pharmacological treatments ............ccccuieeiiieeiieesiieeeiie e esieeevee e e seeeeevee e 13
2.6.5. Complementary and alternative treatments (CAM).......cccceevvieerieeerieeniieeeiieens 13
2.6.6. Dietary treatmMent........c.ceevviieiiieeiiieeieeerieeeeeeesteeeesteeesaeeeseaeeesseeenseesnneesnseeenns 13
2.7.  The Iow FODMARP I€t......cceeiiiiiiiieiieiiesiiee ettt sttt 15
2.7.1. MechaniSms Of CHION ........ccevuieeiiieeiiieeiieeeee et et et e e e e eeeaeeeseeeeenreee e 15
2.7.2. CHNICAl @VIAENCER.....cccuvieeiiieeiiie ettt ettt te e stee e teeeeteeesaeeeaaeesnnaeeenseeeans 17
2.7.3. Implementing the diet ...........cceieiiiieiiieeieee e 18
2.7.4. CritiCal PETSPECIIVE .ouuvieiiiieeiiieeiieeeiteeesteeeeteeeetteesstaeeseaaeessaeeesseeesseesnnneesnseeenns 19
2.7.5. Cut-off values for the low FODMARP di€t ........cccveeviiieniiieiieeiieeee e 20
2.7.6. FODMAP intake 1N StUAIES ......eeeiuiiieiiieeiiieeiie ettt e sie e e 21
2.8. FODMARPS IN FINLAND ..ottt sttt 26
2.8.1. Typical features of FINNiSh CUISINE ........cccueeeiiiieiiiiieiiieeiie e 26
2.8.2. FODMAP studies in FInland............cccoeeiiiieiiieniecieecie e 27

2.8.3. FODMAP intake in the FINNISHh di€t ...coovvemmmeeeeeeeeeeeeee e 31



f

- J Tampere University

2.8.4. IBS and FODMAPS 10 ShOTT ....ccuiiiiiiiiiiiiieiiee e 34
F N 01 1 TP PRSPRI 35
MATERIALS AND METHODS ... .ottt e 36
4.1, SamMPIE COIECION ...eeeuiiieeiiieciiee ettt e e e e e e aeeeaaeeeaaeeenseeesnnaeesnneeas 36
4.2, SaMPIE PIEPATALION ....uveeeirreeiiieeiieeeiieeeiteeeeteeesteeesreeessreeessseeesseeensseeesseessssessseeessees 40
4.2 1. FIUCKAN @SSAY ..uuvviiieiiiiieeeeiiieeeeeiieee e ettt e e e iitee e e et e e e e staeeessnbaeeessnsseeeesnnnseaesnnnsees 41
4.2.2. High-performance liquid chromatography (HPLC).........cccccoeviiviiiiniiiecieee. 42
4.2.3. Evaporative light scattering detector (ELSD) ......ccccoovviieiiiieiiiieiieeieeeeeeeen 42
4.3, SAMPIE ANALYSIS .cuurieiiiieeiiieeieeete et e et e e e et e et e e e beeeaaeeeaaeeentaeeeraaeenneeas 43
4.3.1. FODMAP content per portion of products ..........ccceeeeveeerieeerieeniieeeiee e 43
4.3.2. Analysing the data in relation to the FODMAP criteria .........cccoecveeveveenneeennnenn. 44
RESULTS ettt ettt ettt ettt b et e e st e s st et e es e e bt et e eaee st enseeneenseensesneenes 45
5.1.  The FODMAP content of products per 100 grams...........ccceeevuveerreeerieeerieeeieeeeee e 45
5.2.  The FODMAP content of a typical pOrtion ..........ccceeeeuveeeciieeiiieeiiie e e 46
5.3.  Products meeting the low FODMAP Criteria.........cccceevvveriiieiiiieeciie et 48
DISCUSSION ...ttt ettt ettt e e st e bt et e eaeesteenseesee st ensessee st ensesntenseensesneenes 62
6.1, MaIn fINAINES .oovvieeiiieeiiee ettt e et e e et e e st e e sbeeeesbeeesaeeesaeeensaeeennaeeennes 62
6.2.  Specific fINdINg DY CALEZOTY ..ouvviiiiiieiiieeiie ettt eaae e 62
0.2.1. BEITIES ..ttt ettt et st ettt et e 62
0.2.2. GIAINS ..ttt ettt ettt et e e at e et esat e e bt e s ab e et e e sat e e bt e eabe e bt e sabeenbeenaee 63
6.3. Weaknesses Of the StUAY ......eeevviiiiiiiiiiie e e e 66
6.4.  Strengths 0f the StUAY ......cooouiiiiii e e 66
6.5. What can be 1earned..........ccooiiiiiiiiiiie e 67
6.0.  FULUIE PEISPECTIVE ...vvieeiiiieeiieeeiieeeteeeeiee et e e tte e et e e st eessteeesnseeessseeessseesnsseeensseesnsneennnes 67
CONCLUSIONS ... ettt ettt ettt ettt ettt et e et e eaeeste e beeseeseenseeseenseensesneenseensesneenes 71
ACKNOWLEDGEMENTS ...ttt ettt sttt st ne et eneesaeeneennans 72

REFERENCES . ... ..ot et 73



f

- J Tampere University

ABBREVIATIONS

FODMAP = fermentable oligo-, di- and monosaccharides and polyols
GI = gastrointestinal

IBD = inflammatory bowel disease

IBS = irritable bowel syndrome

IBS-D = irritable bowel syndrome, diarrhea-predominant

IBS-C = irritable bowel syndrome, constipation-predominant

IBS-M = irritable bowel syndrome, mixed

IBS-U = irritable bowel syndrome, unspecified

LFD = low FODMAP diet

NICE = National Institute for health and Care Excellence
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1. INTRODUCTION

Irritable bowel syndrome (IBS) is a multifactorial syndrome characterised by altered bowel
movements, flatus, bloating, pain and psychological symptoms, such as anxiety and fatigue.

Symptoms vary extensively between patients, but also in the same individual over time.

IBS is amongst the most frequently diagnosed gastrointestinal conditions. Its prevalence varies in
populations, being typically 10-14 %, but ranging from as low as 1,1 % to 45 % (Lovell & Ford,
2012). IBS is reported more in females than in males. Due to excessive use of health care services

and work-absenteeism, the costs to the society have been estimated to be substantial.

The treatment options for IBS have been limited for decades, but the situation has changed in the
recent years, as better understanding of symptom mechanisms and the role of the diet has
unravelled. It has been established that certain poorly absorbed carbohydrates are responsible for
some of the typical symptoms in IBS. The diet that eliminates and restricts the intake of these
trigger compounds, is called the low FODMAP diet. The acronym FODMAP stands for fermentable
oligo-, di- and monosaccharides and polyols, which indicates the chemical structure of these short-
chain carbohydrate compounds. The FODMAP oligosaccharides include fructans and galacto-
oligosaccharides, the disaccharide sugar is lactose, monosaccharide sugar is fructose and polyols

include compounds such as sorbitol, mannitol, xylitol and maltitol.

These poorly absorbed compounds are in everyday foods and the intake is not restricted to a certain
cuisine or diet. The main FODMAP sources in the diet for fructans are wheat, rye, barley and
onions and garlic, for galacto-oligosaccharides beans and lentils, and for lactose milk products.
Foods high in fructose are fruit juices and, in some cuisines, high fructose corn syrup sweetened
soft drinks and other products. Polyols in the diet come from polyol-sweetened chewing gum and

drops, and some fruits and vegetables, such as apples, pears, cauliflower and button mushrooms.

There are no low FODMAP diet patient studies conducted in Finland, but a few studies exist
looking at the FODMAP content of fermented wheat and rye bread (Laatikainen et al., 2017, 2016).
Rye bread is an iconic staple in the Finnish cuisine, but may be problematic for many with

gastrointestinal (GI) issues, because as several studies have been published, showing rye to be high
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in especially FODMAPs fructan and mannitol (Biesiekierski et al., 2011; Karppinen et al., 2003;
Laatikainen et al., 2017, 2016).

In addition, the Finnish foods from soups to casseroles typically contain onion and garlic. The
Nordic and country-specific nutrition recommendations emphasis the intake of berries (Nordic
Nutrition Recommendations, 2012) as they are known to have specific health benefits to metabolic
health (Kolehmainen et al., 2015) and are a typical part of the Finnish cuisine. The FODMAP
content of local berry produce is unclear, although some previous data exists on their polyol
content. The Finns have a special local polyol in their diet that can play a role in GI symptoms,
namely birch sugar xylitol, which is known to have anti-cariogenic properties. Xylitol is used as a
sweetener in chewing gum, drops and vitamins. Its daily consumption is promoted as a part of
dental health routine, starting from child health care centres at an early age. Since both berry-
picking and mushroom-picking are accessible to all by a national everyman’s right, also mushrooms

sometimes pose a challenge for individuals.

This Master’s thesis fills in the gaps of previous knowledge on the FODMAP content of some
typical Finnish foods. The FODMAP content of samples of Finnish products were analysed by
Monash University in Melbourne, Australia. These findings are then used to discuss the

implementation of the low FODMAP diet in the Finnish cuisine.
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2. REVIEW OF LITERATURE
2.1.Prevalence of IBS

Estimates on the prevalence of irritable bowel syndrome vary to a large extend. This is may be due
to used diagnostic criteria, cultural differences in reporting and lifestyle factors. Global mean
prevalence of IBS is thought to be around 11%, ranging from 7 % in southeast Asia to 20 % in

South America (Lovell & Ford, 2012).

The prevalence data is very polarized, since most of the studies looking at the prevalence of IBS are
conducted in Northern Europe or Southeast Asia. Studies from elsewhere, such as Central America,
South America, South Asia, Africa and Australasia, are either non-existing or a few in number. This
is visualised in Figure 1. On the other hand, IBS is not linked to socioeconomic status (Canavan et

al., 2014b, Lovell & Ford, 2012).

m 15-19
m 20-29
u >30 } /

N/A

IBS prevalence (%) ‘
m <5

5-9

10-14

Figure 1. The global prevalence of IBS according to population studies. N/A indicated no

prevalence data exists for these countries. (Enck et al., 2016, with persmission from the author).
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2.2. Etiology and risk factors

Etiological factors of IBS are numerous. Genetic, microbiological, hormonal, neurotransmitter-
related, psychological, and lifestyle factors have been linked to the onset of irritable bowel
syndrome (Marynowski et al., 2015). Healthy individuals and people with irritable bowel syndrome
show differences among other things in e.g. gut microbiota (Dior et al., 2016; Tana et al., 2010),
prevalence of gut hormones along the intestinal tract (El-Salhy et al., 2014a, 2014b, 2015), visceral
hypersensitivity (Balemans et al., 2019; Zhou et al., 2010), pain regulation (Tillisch et al., 2011),
low-grade mucosal inflammation in the gut (Hod et al., 2011; Gonsalkorale et al., 2003; Liebregts et

al., 2007) and altered bile acid profiles (Dior et al., 2016).
2.2.1. Sex

It is estimated that globally women are more likely to report of having IBS, but whether this is due
to sex-related physiological etiology or cultural differences in reporting, is unclear. In South Asia,
South America and in Africa men report the same or even slightly more often than women of
having IBS (Canavan et al., 2014a). There are some physiological, sex-hormone related factors that
could explain why women are more likely to have IBS (Heitkemper et al., 2003). Hormones can

influence e.g. gut motility, transit time and visceral hypersensitivity.
2.2.2. Genetics

Genetic background of IBS is poorly understood, but mutations play a part in IBS etiology
(Henstrom et al., 2016). The role of the genetical component seems to be fairly moderate as was
demonstrated e.g. by Beyder et al. (2014). They discovered a genetic mutation in genes coding for
ion channels involved in gut motility and visceral pain in 2,2 % of IBS patients. It is not uncommon
to hear patients refer to family members or even distant relatives with gastrointestinal conditions.
This was supported by evidence from a large case-cohort study based on combining health care
registers done in the Swedish population (Waehrens et al., 2013). They found that IBS risk is
increased in first-, second- and even third-degree relatives of patients. Hence, shared living
conditions (e.g. diet, exercise habits, psychological life events) do not explain the increased odds of

having IBS. Better diagnostics at an early stage could prevent misdiagnosis with other genetic
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conditions manifesting in a similar way, such as sucrose-isomaltase deficiency (Garcia-Etxebarria

et al., 2018).

2.2.3. Epigenetics and trauma

Epidemiological research shows that traumatic events, such as physical punishment, emotional and
sexual abuse, are more common in people with IBS than in the rest of the population (Bradford et
al., 2012; Drossman et al, 1995). Traumatic psychological events occuring especially in early life or
in utero can cause epigenetic changes especially in the stress system (Dinan et al., 2010). Epigenetic
changes refer to the alteration in gene functioning (i.e. how the DNA is intrepreted by the cell) that
can be influenced by external factors. For example, Holocaust victims show an increased
prevalence of IBS compared to people not having lived under the Nazi regime (Stermer et al.,
1991). These epigenetic changes can be transferred over generations, as is seen with Holocaust
survivor women and their children, who also suffer more than the general population of IBS and

post-traumatic stress disorder, which both share an element of malfunctioning stress system.

However, connecting the dots between maltreatment and IBS is difficult, as most people do not
confide in their GI physicians about their past abuse. A survey by Drossman et al. (1995) revealed
that a third of patients with gastrointestinal problems had never told anyone about their abuse and
only 17 % had told their GI physicians (Drossman et al., 1995). Abuse history worsens the outcome
as it is linked to poorer coping mechanisms, worse symptoms and greater number of health care

visits (Drossman et al., 1995).

2.2.4. Gut microbiota

The gut microbiota of people with IBS differs from that of the healthy controls (Dior et al., 2016;
Tana et al., 2010). Profiling gut microbiota is already being used as a way to investigate gut
microbiota dysbiosis, which refers to the imbalance of bacteria believed to be either beneficial or
detrimental to health. This practise is somewhat problematic, as the reference consistency of normal
gut microbiota profile is still unclear (Biesiekierski et al., 2019). However, research in altering gut
microbiota in the treatment of IBS through probiotics (Sanders et al., 2019; Sniffen at al., 2018),
prebiotics (Sanders et al., 2019), and faecal transplants (Lahtinen et al., 2020; Myneedu et al. 2019)

is actively on-going, but with mixed results.
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2.2.5. Post-infection

The best-known etiological factor is the history of gastroenteritis prior to the onset of IBS. Post-
infectious IBS (PI-IBS) is well reported (Mearin, 2012; Porter et al., 2011). In some, IBS symptoms
are alleviated in within 10 years (Youn et al., 2016) and in some in 6 years (Neal et al., 2002), but
those susceptible to anxiety and depression were less unlikely to recover (Wouters et al., 2016; Neal

et al., 2002).

2.3. Diagnostics of IBS

Often in research settings Rome criteria is used. These are crafted by The Rome Foundation, a non-
profit organisation aimed at supporting the scientific and educational work of people working with
functional gastrointestinal disorders (The Rome Foundation, 2020). The latest version, the Rome IV

criteria, was released in 2016 and is shown in Table 1 (Lacy & Patel, 2017).

Table 1. The Rome IV criteria for irritable bowel syndrome. Modified source:

IrritableBowelSyndrome.net, 2016.

Rome IV Recurrent abdominal pain, on average, at least 1 day/week in the last 3 months,

Criteria associated with two or more of the following criteria:

o Related to defecation
e Associated with a change in frequency of stool

e Associated with a change in form (appearance) of stool.

Criteria fulfilled for the last 3 months with symptom onset at least 6 months

before diagnosis.

In addition to the general diagnostic criteria, the Rome IV criteria also include advice on how to
divide the patients into the four subtypes (Lacy & Patel, 2017). These are namely, 1) predominantly
constipated (IBS-C), 2) predominantly diarrhea (IBS-D), 3) with mixed bowel habits (IBS-M), and
4) unclassified symptoms (IBS-U). Bristol Stool Scale is used to categorize stool consistency

(Lewis & Heaton, 1997). The scale includes pictures and descriptions of stool types.
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- Type 1: Separate hard lumps, like nuts (hard to pass)

- Type 2: Sausage-shaped, but lumpy

- Type 3: Like a sausage but with cracks on its surface

- Type 4: Like a sausage or snake, smooth and soft

- Type 5: Soft blobs with clear cut edges (passed easily)
- Type 6: Fluffy pieces with ragged edges, a mushy stool
- Type 7: Watery, no solid pieces, entirely liquid

The new criteria acknowledge that patients may have fluctuating bowel habits and therefore, have
included clarifications that e.g. in constipation subtype, over 25 % of stool produced is of type 1-2
(i.e. hard stool, difficult to pass). Types 3 and 4 are generally considered as “normal” stool

consistency.

In the clinical settings, practitioners often choose in addition to verify the diagnosis by exclusion,
ruling out organic illnesses such as celiac and inflammatory bowel diseases. The problem of using
exclusion diagnostics is inaccuracy and distinguishing IBS from overlapping conditions, such as
anxiety, chronic fatigue syndrome, depression, fibromyalgia, migraine (Cole at al., 2006; Lau et al.,
2014). Developing a positive diagnostic tool is difficult, since the underlying mechanisms of the

different subtypes of irritable bowel are still partially unknown.
2.4. Characteristics of IBS symptoms

Bowel habits and stool consistency are somewhat straight-forward to analyse, especially with the
Rome Foundation tools provided for practitioners. What is much more difficult to characterise are

the numerous other symptoms associated with irritable bowel syndrome.

It is known that health-related quality of life in IBS patients is low. The survey study by Drossman
et al. (2009) found out that IBS patients would be willing to shorten their remaining life by 25 %
(average 15 years), if they could achieve symptom control (Drossman et al., 2009). In the same
survey, the patients reported restricting their activities for 73 days a year on average. Adequate

symptom control could have a dramatic positive impact on patients’ lives.
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2.4.1. Bloating and flatus

Dietary fibre is fermented by the gut microbiota in the colon, producing beneficial compounds
called short-chain fatty acids (butyrate, propionate and acetate). Certain gases are also produced,
namely hydrogen (H>), carbon dioxide (CO.), and in some people, methane (CH4). This
phenomenon is part of normal human physiology, but in patients with IBS can cause distention of
the gut, causing pain (Serra et al., 2001). People with IBS may suffer from allodynia or
hyperalgenia. Merskey (1994) defines allodynia as a painful sensation to a harmless stimuli, and
hyperalgenia as an excessive reaction to a painful simuli (Merskey, 1994). It has been discussed
whether people with IBS produce more gas than healthy, but the recent studies show that the
amount of gas does not differ between IBS patients and healthy controls (Major et al., 2017). In
addition, it has been discussed whether gas is insufficiently evacuated from the gut (Serra et al.,

2001).

2.4.2. Pain

The most common complaint of IBS symptoms alongside bowel problems, bloating and excess
flatus is visceral pain (Drossman et al., 2009). Visceral pain differs from somatic pain, as it is by
nature alternating and difficult to localize. The severity of pain can vary from mild discomfort to

immobilizing pain.

Pain mechanisms in IBS are under active research. It has been established that there are several
underlying mechanism, ranging from immune and nervous system activation to enteroendocrine
factors (Barbara et al., 2011). Anxiety and other psychological factors amplify pain, but don’t alone
explain the complex central and peripheral mechanisms involved. In addition, gut microbiota and

mucosal barrier integrity are involved in etiology of visceral pain.

2.4.3. Fatigue

Fatigue is more common in patients with irritable bowel syndrome than in healthy controls (Simrén
et al., 2008). Little over half of patients with IBS suffer from fatigue (Han & Yang, 2016). In many
studies, it predicts low health-related quality of life. Subjective sleeping difficulties and the feeling

of not getting enough sleep partially explain these findings (Simrén et al., 2008). Objectively
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measured sleep studies confirm that poor sleep worsens IBS symptoms the next day in women

(Buchanan et al., 2014).

However, attention has been paid to the possible biochemical mechanisms behind fatigue in IBS, as
it overlaps with other functional conditions, such as fibromyalgia and chronic fatigue syndrome. It
is postulated that e.g. low-grade inflammation measured by mucosal cell counts, especially that of
mast cells, is involved in fatigue mechanisms (Piche et al., 2008). Caecal mucosal mast cell counts
in IBS subjects is higher than in healthy controls or in subjects with depression. Other studies show
that dysregulation of the autonomic nervous system is linked to both, gastrointestinal symptoms and

sleep (Buchanan et al., 2014).

2.4.4. Anxiety and depression

Anxiety and depression are also symptoms of IBS. The gut-brain axis, or better yet, the gut
microbiota-gut-brain-axis, is thought to explain this link between gut symptoms and mental health

conditions.

Anxiety can be interpreted as the manifestation of emotional stress. Chronic stress can cause a
dysregulation of different systems involved in stress, such as the amygdala, hypothalamic-pituitary-
adrenal-axis and the autonomic nervous system (Myers & Greenwood-Van Meerveld, 2009).
People with IBS show hyper-responsiveness to stress and they also have elevated cortisol levels at
baseline. Coinciding gut and brain symptoms are not surprising as the central amygdala is involved
in processes that regulate both anxiety and gut functions such as gastric emptying and colonic

motility.

In a retrospective cohort study the odds of having depression was 40 % higher in the IBS cohort
than in the non-IBS cohort (Cole et al., 2006). It is possible that the dysfunction of the immune and
neuroendocrine system in the gut is involved in the pathophysiology of depression (Mudyanadzo et
al., 2018). In fact, the systemic chronic inflammation is known to prevail also in the brain, in which
case it is referred to as neuroinflammation. Some of the systems involved are the same as in
anxiety, e.g. the hypothalamic-pituitary-adrenal-axis (Mudyanadzo et al., 2018). The gut microbiota

composition and gut permeability influence the low grade inflammation in the gut, but the
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management of this system by means of probiotics or bioactive compounds, such as prebiotics, is in

its infancy.

2.4.5. Upper GI symptoms

Some people with IBS symptoms may suffer from both lower abdominal gut pain and upper GI-
track symptoms, such as acid reflux, dyspepsia and belching. The lower and upper GI-track are
interconnected, demonstrated by the fact that the diet low in slowly fermentable carbohydrates is
shown to affect the esophageal sphincter relaxation (Masuy et al., 2018). However, not all IBS
patients suffer from upper GI symptoms, and hence these symptoms are only occasionally referred

to in this thesis.

2.5.Cost of IBS

For a long time, people with chronic pain and functional ailments have been left to deal with the
condition on their own or with peer-groups. Unfortunately, the attitude towards them has been at
worst hostile within the health care sector. Their needs have been disregarded and behaviour
thought to be socially learned (Levy et al., 2001). Nevertheless, belittling is short-sighted, as the
cost of IBS to the health care sector, and to the society in general through work absenteeism, is

estimated to be substantial.

In the United States the annual direct cost for each IBS patient was $348-8750, a sum that does not
include cost of comorbidities, which are known to be common in IBS (Maxion-Bergemann et al.,

2006). The same review stated that days off work due to IBS ranged from 8.5 to 21.6 in a year.

The cost of IBS has been evaluated in a Finnish postal survey, in which the annual cost (direct and
indirect) per subject ranged from €286 to €333, depending on diagnostic criteria (Hillild et al.,
2010b). IBS patients’ direct costs of GI symptoms and non-GI consultations have been calculated to
be as high as 5 % of the total annual outpatient care and medicine expenditure (Hillild, 2010a). The
treatment-seeking behaviour of this patient group, as well as the high prevalence of IBS, explain the

extensive economic burden of the disease.
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In an observational, retrospective-prospective study in IBS-C patients, the annual mean cost for a
Spanish patient was €568, but the direct cost to the national health care system were much more,
€1067 (Mearin et al., 2019). Those 13% of IBS patients that took sick leave, took leave often (mean
6.3 times /year) and for a long period of time (mean duration 52 days). In a review about annual
IBS costs, the healthcare cost was around 2000 euros or dollars per person per year (18 studies from
8 different countries), altough there is great heterogeneity within and between the studies (Canavan
et al. 2014b). The authors of this publication summarise, that overall costs to the healthcare are

higher in IBS patients than in patients without IBS.

It is noteworthy to point out that the high costs are related to repeated health care visits and

unsatisfactory treatment (Williams et al., 2006) as both diagnostics and treatment of IBS have not
been optimal nor efficient. Repeated visits are linked more to the mental burden of the illness than
the severity of symptoms (Williams et al., 2006). Finding better diagnostic tools and treatments is

essential in keeping the cost of one of the most common health conditions under control.
2.6.Established treatment

Treatment options for IBSinclude dietary experiments, psychological and pharmacological
interventions and lifestyle counselling. Many of these treatments require dedication and time, and
often the benefit diminishes over time when treatment is stopped. However, this is not a sign of

inefficient treatment, but shows the complexity and ever-presence of the syndrome.

2.6.1. Plasebo and nocebo

It is noteworthy to point out that anticipation and expectation play a part in the treatment of IBS.
Placebo effect refers to the psychological phenomenon of believing a given treatment to be healing.
The opposite of this is nosebo effect, in which case an individual anticipates worsening of

symptoms or a condition due to the belief that a substance or a treatment will do harm.

According to a meta-analysis covering 73 randomized controlled trials (RCTs) and including 8364
subjects, nearly 40 % of treatment effect is due to placebo in IBS patients (Ford & Moayyedi,
2010). Nosebo effect is known to e.g. worsen visceral pain even in healthy women (Elsenbruch et

al., 2012). Care should be taken to use this knowledge wisely, not to deceive patients, but to
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understand the power of taking the patient seriously and attending to their needs, as this alone can

mean significant improvements in patients.

2.6.2. Lifestyle management

IBS symptoms can have a devastating impact on the quality of life and social relationships. In a
situation like this, discussing ways to exercise, sleep and relax can seem degrading. However, there

is evidence suggesting this conversation should not be missed.

Exercise is known to positively effect IBS symptom control (Johannesson et al., 2015). Some of the
mechanisms are: 1) beneficial influences of gut microbiota (Munukka et al., 2018), especially its
diversity, as shown by animal studies (Lambert et al., 2018), 2) downplaying low-grade
inflammation, measured by inflammatory markers of the gut lumen (Hajizadeh Maleki et al., 2018)
and 3), increasing the antioxidant levels in the body (Hajizadeh Maleki et al., 2018). Poor sleep, as

mentioned in the previous chapter, Characteristics of IBS symptoms, can worsen IBS symptoms.

The role of stress management is being emphasized, as the role of the gut-brain-axis is becoming
clearer. Stress mechanisms can downright be the root cause of IBS, as it influences gut
permeability, gut microbiota composition and the regulation of the central and enteral nervous
system (Konturek et al., 2011). It is no wonder, that psychological treatments show a promise in the

treatment of [BS.

2.6.3. Psychological treatment

Evidence shows that IBS patients may benefit from several psychological treatments, namely
meditation and mindfulness practise (Ballou & Keefer, 2017), cognitive-behavioural therapy
(Zomorodi et al., 2014), acceptance and commitment therapy (Sebastian Sdnchez et al., 2017) and
hypnotherapy (Peters et al., 2016). They can be a first-line treatment, and certainly a second-line

treatment, if lifestyle, diet or pharmacological treatments are to no avail.
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2.6.4. Pharmacological treatments

Most common drug therapies are focused in relieving pain, bloating and stabilising bowel motility
(Nee et al., 2015). No curing medication exists for IBS, but drugs like antispasmodics,
antidepressants, laxatives and even antibiotics (namely rifamixin) have been used for individual
symptoms. Proton-pump inhibitors are commonly used for upper-GI problems. They are commonly
used long-term, although this is not recommended due to the negative effects a long-term usage can

have, ranging from malabsorption of vitamins to small bacterial overgrowth (Arkkila, 2015).

2.6.5. Complementary and alternative treatments (CAM)

The use of complementary and alternative therapies in the treatment of IBS is common. 37 % of
recipient of an international survey answered "yes” to using CAM (Drossman et al., 2009). The
definition of CAM varies from established alternative treatments, such as acupuncture and
osteopathy, to less studied herbal remedies, of which some are over-the-counter products (Yoon et
al., 2011). There 1s good evidence of the use of peppermint oil for IBS, at least for a short-term
treatment (Khanna et al., 2014). However, comparing the efficacy of CAM on a larger scale is
problematic, as unified study protocols do not exist and the studies have been small in number of

study participants.

2.6.6. Dietary treatment

Exclusion diets were recommended long before etiology of IBS was even known. Most patients
report that food is a culprit of their symptoms (Bohn et al., 2013). However, for many, it is difficult
to name the food items they find problematic, as many do not take into account the transit time nor
the location of the part of the gut that seems to be the source of discomfort. Excluding entire food
groups has been common, such as avoiding dairy, grains, wheat or gluten or trying to restrict certain

nutrients, such as carbohydrates or fat.

Some of the dietary treatments have focused on eating behavior and some simple advice on foods to
avoid. Even though conservative dietary treatment varies slightly from country to country and from
one health care facility to another, the British National Institute for health and Care Excellence

(NICE) guidelines for IBS (table 2.) summarize the general instructions given to patients. No
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official guidelines for IBS exist in Finland, although, general recommendations are similar to the

NICE guidelines.

Table 2. NICE guidelines recommendation for first-line treatment of IBS (National Institute for

Health and Care Excellence, 2015).

Diet and nutrition should be assessed for people with IBS and the following general advice
given.
o Have regular meals and take time to eat.

e Avoid missing meals or leaving long gaps between eating.

e Drink at least 8 cups of fluid per day, especially water or other non-caffeinated
drinks, for example herbal teas.

o Restrict tea and coffee to 3 cups per day.

e Reduce intake of alcohol and fizzy drinks.

e [t may be helpful to limit intake of high-fibre food (such as wholemeal or high-fibre
flour and breads, cereals high in bran, and whole grains such as brown rice).

e Reduce intake of 'resistant starch' (starch that resists digestion in the small intestine
and reaches the colon intact), which is often found in processed or re-cooked foods.

e Limit fresh fruit to 3 portions per day (a portion should be approximately 80 g).

e People with diarrhoea should avoid sorbitol, an artificial sweetener found in
sugar-free sweets (including chewing gum) and drinks, and in some diabetic and
slimming products.

e People with wind and bloating may find it helpful to eat oats (such as oat-based

breakfast cereal or porridge) and linseeds (up to 1 tablespoon per day). [2008]

For some of the patients, these recommendations are not sufficient to alleviate symptoms, even
though, as such they form a healthy basis for diet and eating habits. This is why specialized dietary
therapy is called for.
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2.7. The low FODMAP diet

Due to the low FODMAP diet, the dietary treatment of IBS has taken a major leap in the past
decade. The low FODMAP diet has become popular among the IBS population, mostly due to
individual success stories and enthusiasm online. This success is backed up by research, which
show that up to 70 % of irritable bowel sufferers benefit from the low FODMAP diet (Marum et al.,
2017).

2.7.1. Mechanisms of action

The FODMAP is an acronym that stands for Fermentable Oligo-, Di- and Monosaccharides And
Polyols, entailing both the action and the compounds that are involved. FODMAPs are a group of
poorly absorbed carbohydrates, both fibres and sugars.

These compounds are not broken down and absorbed in the small intestine, but end up in the large
intestine, where the gut microbiota utilizes them as sustenance (Ong et al., 2010; Staudacher et al.,
2014). Gas, mostly carbon dioxide and hydrogen, but also methane in some people, is produced.
Fructans and galacto-oligosaccharides have been shown to ferment actively and explain most of the

gas production. This explains, why people with IBS suffer from bloating, flatus and visceral pain.

On the other hand, the loose stool and urgency to empty the bowel can be explained by the osmotic
effect exerted by maldigestion of the FODMAP sugars in the small intestine (Barrett et al., 2010).
Fructose 1s absorbed actively when combined with glucose, but when alone, it is taken up through a
passive uptake, making it likely to be maldigested. People with lactose-intolerance lack the enzyme
lactose, which breaks down milk sugar lactose into galactose and glucose. If enzymatic activity is
poor or lacking, gut symptoms, such as diarrhea, cramps and bloating occur. People with IBS are
often lactose-intolerant. Polyols, such as sorbitol, mannitol and xylitol, are absorbed at different
efficacy in different people. Large quantities are generally known to have an laxative effect even in

healthy people. The main dietary sources of FODMAPs are shown in Table 3.
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Table 3. The FODMAP acronym groups under it several different fibres and sugars that are poorly

absorbed and hence fermented in the large intestine.

Compound Main dietary sources
Fructans Wheat, rye, barley, onion, leek, garlic
Galacto-oligosaccharides Beans, lentils, peas
Fructose (in excess) Fruit juices, fructose-sweetened beverages,

high-fructose corn syrup

Lactose Dairy products
Polyols, such as sorbitol, mannitol and xylitol Apples, pears, peaches, plums, nectarines
(sorbitol)

Mushroom, cauliflower (mannitol)

Sugar-free chewing gum and drops (sorbitol,

xylitol)

It should be noted that there are compounds other than FODMAPs that can exerts similar effects in
the gut, e.g. trehalose in mushrooms, resistant starch in certain grains and bananas and certain added
fibres, such as xylo-oligosaccharides (Halmos & Gibson, 2019). Should they be forgotten in the

clinical setting, symptom alleviation may not be achieved.

The gas production of fibres and osmotic effect were amongst the first mechanisms explaining why
restricting FODMAP compounds relieved many IBS symptoms (Barrett et al., 2010; Ong et al.,
2010; Staudacher et al., 2014). Later, other research findings have provided additional explanations.

Histamine activation is known to be involved in IBS pathophysiology, especially in regards to gut
motility, visceral hypersensitivity and immune activation, although, mechanisms are not fully
understood (Fabisiak et al., 2017). Histamine is also an inflammatory marker. The low FODMAP

diet has been shown to lower urinary histamine secretion eightfold compared to a high FODMAP
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diet (Mclntosh et al., 2015), which may explain part of the effectiveness of the diet. The diet has
been shown to lower other inflammatory markers besides histamine, namely cytokines interleukin-6
and interleukin-8 (Hustoft et al, 2017). The effects of the diet are not limited to the lower
gastrointestinal track, as e.g. fructans are shown to cause higher upper postprandial gastric pressure
(Masuy et al., 2018). One cannot also undermine the finding that the low FODMAP diet increases
health-related quality of life (Staudacher et al., 2017). However, the diet is not a cure for IBS. It

only manages the mechanisms behind the symptoms, and without the diet, the symptoms return.

2.7.2. Clinical evidence

Studies have been conducted in several countries, and the results are not limited to the Australia
(Halmos et al., 2015; Ong et al., 2010), where the diet originates. Research participants in e.g. New
Zealand (de Roest et al., 2013), Mexico (Pérez y Lopez et al., 2015), the United States (Eswaran et
al., 2016) and Switzerland (Wilder-Smith et al., 2017) have benefitted from the dietary treatment.
Adequate relief and satisfaction have varied from 50 % (Eswaran et al., 2016) to over 70 % (Marum
etal., 2017). The low FODMAP diet has become part of some national guidelines regarding the
treatment and management of IBS. It was first mentioned in the United Kingdom National Institute
for Health and Care Excellence (NICE) guideline in 2015 as a second-line symptom-management

alternative (NICE, 2015).

The diet has been shown to alleviate gut symptoms in different patient groups, although most
evidence is from the IBS patient group. There are studies showing effect 1) in gut symptom
management in IBD (Cox et al., 2020; Gearry et al., 2009), 2) in controlling gut symptoms during
athletic performances (Lis et al., 2018; Wiffin et al., 2019), 3) in reducing crying-fussing in colicy
babies whose mothers were on a low FODMAP diet (Iacovou et al., 2018), and 4) in fibromyalgia
(Marum et al., 2017). In addition, the diet has been beneficial in managing gut symptoms in

children (Chumpitazi et al, 2015).
No additional health benefits have been achieved in the low FODMAP diet research in healthy

controls (Halmos et al., 2014). Therefore, it should be noted that the diet should be applied only in
patients with GI problems.
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2.7.3. Implementing the diet

Dietary management utilising the low FODMAP diet has three phases: 1) elimination of foods high
in FODMAPs, 2) re-introduction of previously eliminated foods high in FODMAPs and 3)
personalisation according to individual FODMAP sensitivities (Whelan et al., 2018).

The paradox of the low FODMAP diet is that most of the foods that cause symptoms are in fact
nutritionally healthy, because they are rich in vitamins, minerals and a variety of fibre compounds.
It is, hence, recommended that high FODMAP foods are removed from the diet for only a short
period of time (Whelan et al., 2018). In clinical work four to six weeks is usually recommended
(Whelan et al., 2018). After this period a reintroduction phase follows, allowing to examine, which
of the FODMAP compounds are responsible for the individual symptoms. The goal is that the
intake of FODMAPs is restricted to an individual level, where the diet is flexible and varied, but
symptoms are under control. It should be noted that these novel findings do not undermine the
former IBS counselling principles of e.g. eating small portions regularly, chewing properly and
eating a balanced diet. Rather they add to it as the advice is incorporated to the low FODMAP diet

counselling.

The strongest evidence of diet efficacy comes from studies where the dietary counselling is given
by dietitians (O’Keeffe & Lomer, 2017). Implementation of the diet can lead to nutritional
deficiencies without sufficient counselling from a dietitian. The nutrient deficiencies due to the low
FODMAP diet have been limited to only a few nutrients, namely calcium (Staudacher et al., 2012),
which can be speculated to be due the use of specialised dietitians in the studies. In the longest
follow-up study done (6-18 months), at least 95 % of patients following an adpated FODMAP diet
met intake needs for energy and most nutrients (O Keeffe et al., 2018). Intake of folate and vitamin

A was in fact higher than in the patients, who were following a habitual diet.

Quality of general online material, often recommended by physicians to their patients, varies and
cannot be be used as a reliable and trustworthy way to counsel IBS patients (Alfaro-Cruz et al.,
2019; Trott et al., 2019). The patients themselves feel the counselling given by a non-dietitian is too
simplistic and they are sceptical about the suggest online sources, rightfully so (Alfaro-Cruz et al.,
2019). Especially worrysome is that the non-dietitian counselling may only provide advice for the

first, elimination phase, and not the essential re-introduction phase (Trott et al., 2019).
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2.7.4. Critical perspective

Fermentation of fibre by gut microbiota produces short-chain fatty acids, such as butyrate, acetate
and propionic acid (Cummings & Macfarlane, 1997). The fatty acids provide important nutrition for

the epithelial cells, keeping the gut barrier intact.

The low FODMAP diet has influenced the gut microbiota composition in several studies (Bennet et
al., 2018; Hustoft et al., 2016; Halmos et al., 2015; Maclntosh et al., 2015; Staudacher et al., 2012).
Especially the decrease in bifidobacteria has caused worries, as these bacteria are known to have
beneficial, immunomodulatory health effects (Staudacher et al., 2017, 2012). However, successful
strategies to overcome this unfortunate effect of the diet has been trialled. Supplementing with a
multi-strain probiotic resulted in a greater bifidobacteria count in stool, compared to the non-
supplemented arm of the study (Staudacher et al., 2012), indicating that a probiotic could be used in

addition to the diet to neutralize the effect on gut microbiota.

It should be noted, that in some studies, the gut microbiota composition changed, but the diversity
did not (Halmos et al., 2015). A diverse gut microbiota is regarded as a general marker for good gut
health. Production of short-chain fatty acids have decreased (Hustoft et al., 2016) or remained the
same or been non-significant (Halmos et al, 2015; Staudacher et al., 2012). These controversial
findings indicate that the complex interactions of dietary components and gut microbiota need
further elucidation. Little is known of the gut microbiota ability to adapt to the diet, especially as

the strict phase of the diet is intended to be only for some weeks.

FODMAPs are considered to be prebiotic and healthy compounds, but this assumption is
challenged by new findings by Zhou et al. (Zhou et al., 2018). Rats fed on a high FODMAP diet
showed increased gut permeability and inflammatory markers as well as heightened visceral
hypersensitivity. However, the number of animals used in the study was few, and the results on rats
cannot be extrapolated to humans. Were this finding true in humans, the effects of the re-
introduction phase of the low FODMAP diet would be put into question, at least in a subgroup of
IBS patients.

As important as the physiological effects are the toll the diet takes on mental health. People need
plenty of support and advice on how to accustom the diet to their everyday life (Trott et al., 2019).
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Especially as this patient group is susceptible to anxiety, food fears and orthorexic (the need to
constantly eat “right” and “healthy”) thoughts may worsen the treatment outcome (Halmos &
Gibson, 2019). Higher costs due to the diet have also been mentioned by study participants as a
negative consequnce of following the low FODMAP diet (O’Keeffe et al., 2017).

2.7.5. Cut-off values for the low FODMAP diet

Even the most comprehensive nutrient databases do not list different FODMAPs and their content is
practically impossible to deduct from existing nutrient content. The Department of
Gastroenterology at Monash University in Melbourne, Australia, have alongside clinical low
FODMAP diet studies, compiled a database on FODMAPs. This information is available to
consumers and professionals in a form of a mobile application. Some data have been published in
academic journals (Biesiekierski et al., 2011; Muir et al., 2009; Varney et al., 2017). The analysis

procedure is explained in detail in Methods.

The cutoff values defined by the Monash University for low FODMAP food groups are shown in
Table 4. A well-tolerated intake of FODMAPs per sitting has been set to less than 0.5 g, excluding
lactose (Barrett et al., 2010; Halmos et al., 2014; Ong et al., 2010; Varney et al., 2017).

Table 4. The cutoff values for the low FODMAP diet (Varney et al., 2017, modified).

FODMAP cutoff categories Grams per serving

Grain, legume, nut and seed oligosaccharides <03¢g

(fructan and a-galacto-oligosaccharides)

Vegetable, fruit and other food <02¢g
oligosaccharides

Fructose in excess to glucose when the only <04¢g
FODMAP present

Fructose in excess to glucose when other <0.15¢g
FODMAP present

Sorbitol or mannitol individually <02¢g
Total polyol if several polyol present <04¢g
Lactose <10g
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2.7.6. FODMAP intake in studies

Varied levels of daily FODMAP intake have been used or achieved in studies. In Table 5., the per
day intake of FODMAPs is given in studies showing efficacy of the low FODMAP diet in
alleviating symptoms and the study designs and number of participants. Patients studied have
mostly been IBS patients, excluding the Ong et al. study that had both IBS patients and healthy
controls, as did Halmos et al. (healthy data not shown). Marum et al. (2017) study was done in a

fibromyalgia cohort (Halmos et al., 2015, 2014; Marum et al., 2017; Ong et al., 2010).

Ong et al. (2010) was one of the early LFD studies, evaluating mechanisms of symptom
aggrevation). This study was only two days long, as the intention was to measure by breath
hydrogen throughout the day and collect data on symptoms. The differences between intake were
stark as this was a feeding study, in which the participants received the food consumed, making it
easier to control the FODMAP intake. There was a great and statistically significant difference in
FODMAP intake between the groups (p=0.0001), which is unsurprising as the diets were designed
as high (48.1 g/day) and low FODMAP intake (8.3 g/day).

Staudacher et al. investigated both the efficacy of LFD in symptom alleviation and its effect on gut
microbiota (Staudacher et al., 2012). The participants were randomized into either the control or the
intervention group for four weeks. Participants in the intervention group reported better symptom
control compared to the control group. This is the first LFD studies to show alterations in the gut
microbiota composition. Whilst the total luminal bacteria did not differ between the groups, there
were significantly lower concentrations (p=0.001) and proportions (p=0.001) of bifidobacteria in
the intervention group. There was a statistically significant difference between the FODMAP intake
between the groups (p=0.001), although the level of FODMAPSs in the intervention group was much
higher than in studies where the participants received the food during the study period (Halmos et

al., 2015; Ong et al., 2010).

Later, the same author and the team designed a 2x2 study, in which they created a sham diet as a
plasebo treatment and also looked at the effects of probiotics (Staudacher et al., 2017). The sham
diet advice was similar in difficulty as the LFD advice, and also similar number of foods were
restricted on both diets. The sham diet was designed so that the FODMAP intake did not alter
during the study. Probiotics part of the study was also placebo-controlled. Due to the study design,
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the participants were randomized into one of four treatment groups: 1) sham diet/placebo, 2) sham
diet/probiotic, 3) LFD/placebo and 4) LFD/probiotic. This study supported the role of LFD in the
symptom control of patients with IBS, but also showed that the probiotic supplement helped to
maintain the level of bifidobacteria on the LFD. The FODMAP intake differed significantly
(p<0.001) in the sham diet group (9.9 g/day) compared to LFD group (17.4 g/day).

Bohn et al. investigated the difference in efficacy of the LFD and that of so-called traditional IBS
dietary advice in a randomized, multi-centre, parallel, single-blind study (B6hn et al., 2015). The
tradional IBS dietary advice was based on the NICE guidelines (presented in Table 2. of this
publication). These guidelines focus on dietary habits as much as they do on individual food items
or groups. Both diets were deemed equally effective in managing IBS symtoms. The FODMAP
intake differed significantly (p=0.05) being 3.8 g/day in the LFD group and 13.5 g/day in the
traditional IBS dietary advice group.

Halmos et al. conducted a randomized, controlled, single-blind, cross-over trial that looked at the
effects of the LFD and the typical Australian diet (Halmos et al., 2015, 2014). In a cross-over
setting the particiants are randomised to different treatments (in this case diets) in the same study. In
the Halmos et al. study the participants were allocated either to the LFD or the typical Australian
diet group. After the given time, the treatments are swapped, typically with a wash-out period in

between treatments. All participants go throught the same treatments, but in a randomized order.

Participants with IBS had better symptoms control on the LFD. Six of the IBS participants could
not complete the typical Australian diet cross-over phase due to severe worsening of symtomes.
There was a significant difference between the FODMAP intake (p<0.001) between the LFD diet
phase (3.05 g/day) and the typical Australian diet (23.7 d/day). This was a feeding study, meaning
the participants got the study food. This study found out that there is no additional health benefits to
healthy controls and the LFD should therefore be used only as a terapeutic diet for suitable patient
groups. There were gut microbiota changes during the diets. During the LFD phase there was

greater diversity, but reduced total bacterial abundance compared to the Australian diet phase.

Marum et al. studied the effect of the LFD in the treatment of fibromyalgia, hence looking at
symptoms other than gut specific (Marum et al., 2017). The participants followed the elimination

LFD protocol for four weeks, after which they reintroduced FODMAPs back into the diet. The
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latter phase lasted for another four weeks. As a result all fibromyalgia symptoms, including somatic
pain, was significantly lower after the LFD. Intake of FODMAPs differed significantly (p< 0.01)
during the strictest phase (2.6 g/day) and the baseline line (24.4 g/day).

Most of these studies have been short-term, but a few studies have looked at the long-term low
FODMAP diet followers and their dietary intake (Harvie et al., 2017; Maagard et al. 2016;
O’Keeffe et al, 2018).

In Maagaard et al. (2016) retrospective study IBS (n=131) and IBD (n=29) participants were
followed for a median of 16 months after initial low FODMAP diet counselling (Maagard et al.
2016). Majority, 84 % of participants, were living on a modified LFD, in which they had
reintroduced some foods back to the diet. Most commonly, wheat, dairy products and onions, were
reintroduced. No data on specific FODMAP intake were given. Generaly patients were satisfied
with the treatment, since 86 % reported either partial (54 %) or full (32 %) efficacy. Greatest
improvements were seen in bloating and abdominal pain. However, as this was a retrospective
study, there could have been selection bias, as 48 % of participants who were asked to join the

study, did not.

Harvie et al. (2017) studied the effects of FODMAP reintroduction to symptoms, dietary intake, and
the gut microbiota (Harvie et al., 2017). In a group that went through elimination and
reintroduction, the FODMAP intake fell from baseline 28 g/day (SD 15 g/day) to 12 g/day (SD 8
g/day) at three months follow-up. After this FODMAP foods were reintroduced into the diet. At 6
months the intake of FODMAPs was lower than at baseline, but highter than at 3 months follow-up,
being 22 g/day (SD 11 g/day). The diet effected positively quality of life and IBS-SSS was

significantly lower at both 3 and 6 month follow-up points.

O’Keeffe et al. (2018) studied 103 participants with IBS, 84 were on the the “adapted FODMAP”
diet after 6-18 months follow-up period (O Keeffe et al, 2018). The adapted version of the diet
means that they had reintroduced high FODMAP foods to their diet. The total FODMAP intake
mean in this adapted group was 20.6, (SD 14.9 g/day), whilst in the group reporting having gone
back to a habitual diet, the intake of total FODMAPs was 29.4 (SD 22.9 g/day).

23



.

- J Tampere University

Table 5. The mean (standard deviation) intake of FODMAPs (g/day) in the low FODMAP group and the comparatory group.

A randomized, Low FODMAP IBS (n=15)* 2 days+7day 8.3(0.4) 48.1 (2.2) <0.0001
single-blinded,  vs. high wash-out + 2
crossover FODMAP days
intervention
trial
A randomized = Low FODMAP IBS 4 weeks 17.8 (SDdata  29.7(SDdata  0.001
controlled trial  vs. habitual not shown) not shown)
diet Intervention (n

= 19), habitual

diet (n =22
A randomized, Low FODMAP IBS 4 weeks 3.8(3.3) 13.5 (8.7) 0.05
multi-center, vs. traditional
parallel, single- IBS diet Intervention
blind trial (n=33)

Traditional IBS

diet (n =34)
A randomized, Low FODMAP IBS 21 days + 21 3.05(SDdata  23.7(SDdata  <0.001
controlled, vs. typical (n=30)* day wash-out + not shown) not shown)
single-blind, Australian diet 21 days
crossover trial
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2x2 factorial
design,
multicenter,
randomized,
placebo-
controlled trial

A, non-
randomized
intervention
trial

vs. baseline

Low FODMAP 1BS, (n=104)
vs. sham diet

Low FODMAP

4 weeks 9.9 (6.4)
Sham diet &
placebo
(n=22), sham
diet &
probiotic
(n=22), low
FODMAP &
placebo
(n=18), low
FODMAP &
probiotic
(n=25)
Fibromyalgia 4 weeks of 2.6 (SD data
(n=31) elimination +4 not shown)
weeks
reintroduction
with 3 day
wash-outs in
between
reintroductions

*These studies also investigated the effect of LFD in healthy participant without IBS.
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17.4 (10.5)

24.4 (SD data
not shown)

<0.001
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2.8. FODMAPS IN FINLAND

2.8.1. Typical features of Finnish cuisine

In addition to FODMAP content data, it is likely that the dietary customs in countries affect the way
the low FODMAP diet can be utilised in the treatment of gastrointestinal symptoms. Ideally the
Finnish diet can be a a very nutritious and varied entity, rich in wholegrain produce, fish, seasonal
vegetables, especially root vegetables, garden and wild berries, canola oil, low fat dairy and lean
meat, enriched further with the utilization of wild produce, such as wild herbs, berries, mushroom,
wild fish and game. This type of a diet is what is recommended by the national dietarary guidelines
and has been referred to as the New Nordic diet and, in Finland, as the Baltic sea diet. The national
dietary guidelines are based on the Nordic nutrition recommendations, commonly compiled by
Island, Norway, Denmak, Sweden and Finland (Nordic Nutrition Recommendations, 2012). There
are country-specific differences, but also shared features in the preferance of produce, dietary
patterns and cooking methods. Similar climate and the fact that all countries have a coastline or
inland lakes, influence what foods are produced, harvested and consumed. The Nordic dietary

habits have also been studied especially in relation to metabolic health (Kolehmainen et al., 2015).

In Finland, the Nordic traditions fuse together with Russian and Slavic food traditions on the plate,
as the nation borders Russia to the east. Especially the rich bread and savoury pie making of Eastern
Finland originated from Russia. It is not unsual to find beetroot borsch soup at the lunch cafeteria
and Karelian pies are eaten by many on a weekly basis. Onion, garlic and cabbage are commonly
used in soups, casseroles and sauces accompanied with potatoes or other starchy staples. As
everywhere in the world, the emergence of the so-called westernized fast-food and diet culture, has

changes the local food culture and preference a lot.

Many people eat porridge for breakfast, whereas bread is eaten throughout the day with meals and
as a snack. In a national 24 hour dietary recall, 40 % of men and 45 % of women ate porridge on
either one of the two study days (Valsta et al., 2018). Typically porridge is either made from oat or
from a mixture of oat, rye, barley and wheat, and it is eaten with berries. Rye bread was voted as the
national food of Finland in 2016, which shows how big a part it plays in the diet of many.
According to the previously mentioned national 24 hour dietary recall, 80 % of Finnish men

consumed rye bread during one of the two study days. This had a significant impact on fibre intake
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as 30 % of their fibre intake was from rye bread (fresh and crisp bread) (Valsta et al., 2018).
Women eat less, but even for them, fifth of fibre comes from rye bread produce. Potatoes are a
common staple at meals, served typically boiled or as mashed potatoes. Different types of potato-

based casseroles, mixed with ham or fish, are also common main courses.

A warm lunch is served through-out the school system, ranging from preschool to universities.
From preschool to secondary school meals served are free of charge. Children who go to the day
care, also get a meal provided by the municipality at the kindergarten. About a third of employees
eat a warm lunch at a work canteen (Finnish institute of health and welfare, 2019), and often lunch

is subsidised by the employer. Typically evening meals are consumed at home.

The free school meal system has taught Finns from early on that one of the main meals of the day is
provided or at least made by someone else. This food system health benefits, as eating at school and
work place canteen is associated with making healthier food choices (Raulio et al., 2010; Tilles-

Tirkkonen et al., 2011). At the same time, this means that it is difficult to control the ingredients of

one of the main meals of the day, making adhering to special diets more complicated.

2.8.2. FODMAP studies in Finland

A few studies done in Finland have utilised the low FODMAP diet or the knowledge of FODMAP
content of specific foods. The main aims of these studies have been other than evaluating the the

gut effects of the low FODMAP diet as such in people. These four studies are presented in Table 6.
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Table 6. Studies performed in the Finnish population that have looked at the effect of LFD or individual FODMAPs on gut symptoms.
Publica  Research setting  Study participants Level of LFD or Amount of bread Amount of Main findings
tion and the main aim (number) FODMAP content consumed FODMAPs
of the study of food utilised consumed/day
and duration of
the study
Lappi A randomized Otherwise healthy ~ LFD used as a Invervention bread  Fructans intake The participants
et al., crossover study people who standardized diet intake was 6-10 ranged from 1,4 reported
2014 investigating the reported having during the 4-week  slices (20-25 g g/day (wheat bread  significantly (p <
postprandial effects problems tolerating run-in period prior  each) depending on  containing 0.01) better
of wholegrain rye grains, especially to the study and energy bioprocessed rye gastrointestinal
bread and a wheat  rye bread. (n=21) during both 4-week requirements. bran) to 3,7 g/day quality of life
bread enriched with study arm periods, (wholegrain rye during the 4-week
bioprocessed rye but with the bread). run-in and during
bran. addition of different the test periods
test breads. compared to their
habitual diet during
Use of LFD was 12 screening, even
weeks in total. when consuming
test breads that
contained fructans.
Laatika A randomised IBS (n=87) One week run-in Rye bread intake Median fructan There was no
inen et  double-blind period on usual diet was 7-8 slices per intake from low significant
al., crossover study + 4-week trial with  day depending on FODMAP rye difference between
2016 investigating the either low- energy bread 0.45 g/day the different groups
effect of low FODMAP rye requirements. (fructan + mannitol  with regards to IBS

FODMAP ryebread
vs. regular ryebread
on gut symptoms.

bread or regular rye
bread + 4-week trial
with the other
bread.
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intake was 0,60
g/day) during
weeks 2-4 (half a
dose of bread was

Symptom Severity
Score (IBS-SSS) or
quality of life.

Individual
symptoms, i.e.
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A randomised,
parallel, double-
blind pilot study,
looked at the effects
of sourdough wheat
bread to regular
yeast-fermented
wheat bread on
gastrointestinal
symptoms and
analysed the effects
of sourdough
baking

IBS or subjective
wheat-sensitivity
(n=26).

Sourdough group
(n=13), yeast-
fermented bread
group (n=13).

Wash-out period >4
weeks between
trials.

One week run-in Invervention bread
period, followed by intake was 6 slices
a one week trial, in  per day.

which the patients

received either the

sourdough wheat

bread or yeast-

fermented wheat

bread.

Gluten free diet was
used as the
standardised diet
during the 2-week
study duration.

29

consumed during
week 1).

Median fructan
intake from regular
rye bread was 1,73
g/day (fructan +
mannitol intake was
2,21 g/day).

Median fructan
intake from

sourdough bread
0,08 g/day.

Median fructan
intake from yeast-
fermented bread
0,31 g/day.

flatulence (p =
0.04), abdominal
pain (p = 0.049),
cramps (p = 0.049)
and rumbling (p =
0.001) were milder
in subjects eating
the low FODMAP
bread than the
regular one.

There was no
difference in
gastrointestinal
symptoms between
the groups, nor was
there a difference in
low-grade
inflammatory
markers measured.
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A prospective study
looking at the
associations of
lactose and high
FODMAP foods on
gut symptoms after
chemotherapy in
colorectal cancer
patients using food
diaries.

Colorectal cancer

patients (n=52)

FODMAP intake
was measured by 4-
day food diaries at
baseline and during
the third
chemotherapy
cycle.

The FODMAP-rich
food intake was
categorised into
three consumption
groups (low,
medium and high).

The median
FODMAP-rich
food intake was 5,5
portions/day at
baseline and 5,4
portions/day during
cancer treatments.

Patients who had
high intake of
lactose, especially
together with high
intake of other
FODMAP foods
were more likely to
have diarrhea, the
risk being over 4-
fold compared with
patients with low
FODMAP intake.

FODMAP content
of the diet did not
have a statistically
significant
association with
other
gastrointestinal
symptoms.
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The participants of Lappi et al. study used the LFD as a standardised diet and followed the diet total
of 12 weeks, out of which 4 weeks were on the LFD only (Lappi et al., 2014). During the
intervention arms, when they consumed either one of the test breads, the participants experienced
slight to moderate flatulence, but this didn’t decrease their quality of life. Over 90 % of participant
listed none or slight gut symptoms during the test periods. In the discussion, the authors conclude
that the improved gastrointestinal status seemed to be due to the low FODMAP diet utilised to
standardise the diets of the participants, although the participants consumed fairly large amounts of

bread, which was thought to be the culprit of their gut symptomes.

Both studies by Laatikainen et al. (2017, 2016) had a somewhat opposite study setting than Lappi
et al., where the role of different types of breads on gut symptoms was investigated without
changing the habitual diet of the participants. Neither one of these studies showed benefit of
altering the FODMAP intake from bread only (Laatikainen et al., 2017, 2016). The sourdough
fermentation did modify the FODMAP content, but not enough to alleviate IBS symptoms
(Laatikainen et al., 2016). The second study looked at the effect of rye bread low in FODMAPs to
gut symtoms and low-grade inflammatory markers, but no differences could be found between the

low FODMAP rye bread and regular FODMAP rye bread arm (Laatikainen et al., 2017).

A recent study looked at the associations of lactose and high FODMAP foods on gut symptoms in
patients with colorectal cancer (Holma et al., 2020). This study found that high intake of lactose
increased the likelihood of diarrhea, especially if the intake of FODMAP-rich foods was high. As
no data on FODMAP content of Finnish foods exist, the investigators evaluated FODMAP intake as
portions from 4-day food diaries at baseline and during the third chemotherapy cycle. The authors
concluded that there was no statistically significant difference in GI symptoms in patients who
consumed FODMAP-rich foods above or below the median amount, even though FODMAP intake

played a part in diarrhea aggrevation when in combination with lactose.

2.8.3. FODMAP intake in the Finnish diet

All described Finnish studies utilising the low FODMAP diet in some way, state that evaluation of
FODMAPs from the typical Finnish diet is difficult, as there is no national database that would list
detailed information on FODMAP content of produce. However, there is data from Sweden (Liljebo

et al., 2020), where dietary habits are, to some extend, similar to Finland. Liljebo et al. (2020)
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assessed in their study that in the Swedish population, the main sources of FODMAPs were rye and

wheat products.

Australian FODMAP analysis can be used with regards to common grain, vegetables and fruit data
(Biesiekierski et al., 2011; Muir et al., 2009; Varney et al., 2017), although, growing conditions,
plant cultivar, climate, seasonal variation in growth temperature, ripeness and storage time and
temperature are known to affect FODMAP content of produce (Huynh et al., 2008; Karppinen et al.
2003; Muir et al., 2009). In addition, cooking methods, such as pickling, activating seeds and nuts,
sprouting, fermenting, and preparationg time alter the FODMAP content of food (Tuck et al., 2018).
Some methods, such as pickling, reduced the FODMAP content greatly (87-97 %), where as other
methods, such as sprouting reduced the FODMAP content, but not to the extend that the food could
be classified as low FODMAP (Tuck et al., 2018). High, low and unknown FODMAP contents of

food common to the Finnish cuisine are listed in Table 6.
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Table 6. Estimated high, low and unknown sources of fermentable oligo-, di- and monosaccharides
and polyols in the Finnish diet.
High FODMAP foods in the Low FODMAP foods in the Unknown FODMAP content

Finnish cuisine Finnish cuisine
Onion Potato Forest and garden berries
Garlic Many root vegetables (carrot, Fruit and berry juices

Beetroot parsnip, celeriac, swede) Gluten-free, wheat-starch
Apple Common cabbage (when products
Rye consumed in moderation) Spelt products

Barley Oat Forest mushrooms*
Wheat Gluten-free products

Xylitol-products Low lactose and lactose-free

dairy products

* FODMAP-content is assumed high based on data on cultivated mushrooms

Many gluten-free products are also low FODMAP, but not all (Whelan et al., 2011). One difference
between Australian and European legistlation enables is the use of gluten-free wheat starch in the
making of gluten-free bakery products. Australian baking industry is not using gluten-free wheat
starch in their products, as they are more strict about the level of gluten traces in the food. No
detectable gluten is allowed, neither is the use of oats or malted gluten-containing cereals or their

products (https://www.coeliac.org.au/s/about-us). In the EU the threshold level for traces of gluten

is 20 mg/kg (Regulation 828/2014). This also means that Australian gluten-free analysis data are
mostly on products that differ from the ones used in the EU. As celiac disease is relatively common
in in Finland, gluten-free wheat-starch products are widely available as breads, cakes and other
bakery products. Little is known about the FODMAP content of these produce or their tolerability

to people with gastrointestinal issues.

One study on the polyol content of Finnish berries exists from 1980, but due to the clear difference
in order of magnitude and methodology, the data of this thesis and the 1980 study cannot be
compared in a meaningful way (Mikinen & Soderling, 1980). Based on the existing data, one
cannot draw a comprehensive overview of the FODMAP content of berries. Only a few type of

Australian berries have been analysed (Muir et al., 2009). Berries as a source of FODMAPs can
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vary a lot, since over 65 year old Finns consume berries over 20 kg/person/year , whereas those

under 25 years only consume 5 kg/person/year, average being 13 kg/person/year (Aalto, 2018).

Unique to Finland is the frequent consumption of xylitol products, most typically chewing gum or
pastilles. Xylitol is also used in some cough and mouth-freshener drops and some vitamins. Xylitol
products are known to be anticariogenic and are therefore recommended in Finland throughout life,
starting from when children get their first teeth. The recommendated intake by the Finnish Dental
Association of xylitol is five grams per day, which is equavalent to six xylitol chewing gum pieces
(of which over 50 % of sweetener should be pure xylitol). These products are recommended to be
eaten after a meal. Xylitol use is only an adjuvant dental care practise, as it does not replace teeth
brushing of flossing. The laxative effects are also well-known, as this warning is written on
packages. The laxatives effects are known to occur only after larger amounts, 20-30 g, are
consumed (Oku & Nakamura, 2007). This is approximately the equivalent of half a box of xylitol
pastilles. Xylitol is present is very small amounts in berries and vegetables (Oku & Nakamura,
2007), but most likely the main source in the Finnis diet are xylitol-sweetened products. It should
be noted, that the FODMAP analyses have not taken into account the xylitol content of foods. The
basic analysis measures sorbitol and mannitol only. Hence, foods that contain a lot of xylitol are not

listed in the FODMAP content data.

2.8.4. IBS and FODMAPs in short

This literature review finds that IBS is a globally common condition, which causes a great
economic burden on the health care system. Etiology of IBS is still unclear, but effective treatments
have, nevertheless, been adopted ranging from dietary therapy to pharmacotherapy and
psychotherapy. The low FODMAP diet has emerged as an efficient and evidence-based dietary
therapy option. As it was developed in Australia, the question has been, whether it can be utilized in
other cuisines. FODMAP content of Finnish foods has not been analysed systematically previously.
The companies may have knowledge of the their products, but this information has not been used
very much in marketing, excluding a few breads. Total intake of FODMAPs from the Finnish diet is
not known and should be evaluated further to give a better understanding on the role of this specific

features that may explain gut symptoms in the IBS population.
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3. AIMS

The overall aim of this research is to evaluate the FODMAP content of typical Finnish food

products.

The specific aims of the study were :

To evaluate the FODMAP content of the products per 100 g.

To evaluate the FODMAP content of the products per typical portion size.
To assess, if the products pass the low FODMAP criteria.
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4. MATERIALS AND METHODS
4.1. Sample collection

Typically the low FODMAP diet analysis starts from collecting products from the grocery shop
systematically, after which products are pooled and mixed, and a sample for analysis is taken. In
cases where the food needs to be prepared (e.g. soaking and cooking of legumes), this is done prior
to taking the sample. This sample is then homogenized either by grinding by hand or using utensils
suited for the purpose. Samples are freeze-dried, if they cannot be analysed straight away. There are
some differences between how different food groups are sampled, which is shown in Figures 2 and

3 as flow charts.

a popular brand a generic homebrand arandom brand
preparation preparation preparation
1/2 pack (500 g) 1/2 pack (500 g) 1/2 pack (500 g)
separated separated separated
Sesescscccsscsces food is poo|ed ................. .

mixing till homogenous consistency

100 g sample

frozen at -20 C & freeze-dried for analysis

Figure 2. Grain and pulses product sampling procedure. Constructed on the basis of methods

descriptions (Biesiekierski et al., 2011; Tuck et al., 2018; Varney et al. 2017).
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grocery shop green grocers
..................... sam:ples tereresiesneesennnenn sam:ples Py
500 g 500 g 5009 500 g 500 g 5009 5009 500 g 5009 500 g
[ 25009 : feeeeenns 25009 e :

: food is pooled
L 5000 g

500 g separated

mixing till homogenous consistency
100 g sample

frozen at -20 C & freeze-dried for analysis

Figure 3. Vegetable, berry and fruit sampling procedure. Constructed on the basis of methods
descriptions (Muir et al., 2009; Tuck et al., 2018; Varney et al. 2017).

In this case, it was impossible to collect samples according to this established and customary way.
Firstly, the option of freeze-drying samples in Finland prior to taking them to Australia proved
impossible, as facilities for this procedure were unable to assist in the endeavour. Secondly, due to
student budget, taking in more food than was done, would have been too expensive. Most products
were donated by the food companies and a few were purched from a regular grocery shop in

Tampere, Finland. There was no support for the luggage cost.

At the time of preparation, in 2012, there were very little data on the FODMAP content of rye,
gluten-free wheat-starch products and berries. Spelt was of interest as results from previous analysis
(Biesiekierski et al., 2011) had shown that sourdought spelt bread is low in FODMAPs. There was,
however, speculation on whether this is the case with spelt in other countries, as climate, soil and

other factors are known to have an impact on the fructan content of grains (Huynh et al., 2008;
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Karppinen et al. 2003; Muir et al., 2009). Oat was also of interest, as its nutrient and fibre content
was known to be high, but FODMAP content was estimated to be low. Hundred percent oat bread
had just made it’s way to Finnish grocery shop shelves, so it was evident that it needed to be
analysed for FODMAPs. Hence, samples from these categories were chosen to be analysed. The
miscellaneous products came about mostly because of experience from clinical work. The patients
with gut issues had trouble finding suitable snacks to carry easily with (miiesli bars) and they too

wanted to eat something sweet (sweets and biscuits).

Companies were approached by phone and email by the student. Samples that needed to be
purchased were done so by the student. All packaging and labeling of products for customs was
done by the the student. All preparations were done in collaboration with Monash University, and

helpful negotions were held on which products to choose for analysis.
The products that were analysed are listed in table 7. The manufacturers (Vaasan, Fazer, Sunspelt,
Birkkala, Biokia and Joswola) were asked to provide three packages preferably from different

batches. They were able to do this in most parts.

Table 7. Products selected for the FODMAP analysis.

Category Type Product name Package size Number of
packages
Berries Lingonberry (Vaccinius vitis-  Biokia Lingonberry 100 g 1
idaea)
Joswolan Lingonberry 50g 2
Bilberry (Vaccinium Biokia Bilberry 100 g 1
myrtillus)
Joswolan Bilberry 50g 2
Wild cranberry (Vaccinium Biokia Cranberry 100 g 1
0XyCoCCos)
Joswolan Wild Cranberry 50g 2
Sea buckthorn (Hippophae Biokia Sea Buckthorn 100 g 1
rhamnoides)
Blackcurrant (Ribes nigrum)  Joswolan Blackcurrant 50g 2
QOat Bread Vaasan 100 % oat bread 400 g 3
Gluten- Bread Semper Trio three seed 300 g 1
free, bread rolls
contains Semper Minibaguetter 300 g 1
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Category Type Product name Package size Number of
packages
wheat
starch
Wheat Bread Vaasan Isopaahto, wheat 500 g 3
toast
Fazer Paahto Vehni, 280 g 3
white wheat toast
Fazer Paahto Taysjyvi, 280 g 3
wholemeal wheat toast
Spelt Crisp bread Sunspelt, organic, - 3
wholegrain crispbread
Birkkala, organic, 220 g 2
wholegrain crackers
Flour and flakes Birkkala, organic, semi- 800 g 3
course spelt flour
Birkkala, organic, spelt 600 g 3
flakes
Pasta Sunspelt wholegrain 330 g 3
pasta
Rye Crisp bread Vaasan Koulunikki 200 g 3
crispbread
Vaasan 100 % rye 300 g 3
sourdough crackers
Oululainen sourdough 200 g 3
crackers
Bread Ruispalat, organic, 100 % 400 g 3
rye
Ruispala, original, 330 g 3
contains wheat
Oululainen Reissumies, 235 ¢ 3
fresh rye bread
Oululainen 300 g 3
Jélkiuunileipd, sourdough
fresh bread
Snacks Miiesli bars Jyvéshyvé Paussi miiesli 125 ¢ 2
and sweets 5 grains & chocolate
Jyvéshyvé Paussi miiesli 108 g 2
raspberry
Biscuits Jyvéshyva oat biscuits 175 ¢ 2
Sweets Sunspelt organic spelt 80 g Sk
liquorice

* Data missing. The product is no longer in production. ** Data missing. Written information could not be
interpreted.

Australian border control is very particular about food stuff, so being able to bring in the food to the
country was not certain at any point. All measures that could be done to ensure passing the border
control were taken. Prior to entry to the country, thorough documentation of products was done and
held at hand throughout the journey from Finland to Australia. The receiving institute, Monash

University, prepared a reference letter stating that the purpose of bringing in the food was scientific,
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which was also kept at hand. There were no issues at the customs bring the samples into the

country.

No personal information was collected, hence there were no need to ethical approval for the data

collection.
4.2. Sample preparation

Typically the procedure of acquiring a freeze-dried sample was explained in Sample collection
section and shown as flow charts in figure 2 and 3. However, samples in pre-dried form, such as
flour, or in a liquid form, such as dairy and plant-based milk products, are not freeze-dried (Tuck et
al., 2018). Hence, there was no need to freeze-dry some of samples (e.g. flour, crispbread, berry
powder. As mentioned previously, freeze-drying could not be done in Finland, hence, fresh

products needed to be taken to Australia for the analysis.

Freeze-dried food stuff was prepared for HPLC and fructan assay analysis as described in Figure 4.
The 100 g sample size is a normal size used by the Monash University for HPLC FODMAP
analysis. Analysis was done in triple sets, ensuring accuracy. Double filtering is done to remove

unwanted particles and noncarbohydrate substrates (Muir et al., 2009).
Pooling was done to the extend that was possible, i.e. there was several packages and bigger

amounts available. For example, for the berry samples, only 100 g could be aqcuired and hence, this

amount was used as the starting point.
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100 g (freeze-dried)
sample

1. g sample
(0.5 mm particle size)

80 ml of 80 °C distilled

water (pH 6)
magnetic stirrer 15 min
at 80 °C
cooling to room
temperature
adding water to 100 m| esescececee
10 ml sample 10 ml sample

centrifuging each 10 ml sample 2600 rpm for 5 min at room temperature

filtering supernatant through 0,22um Millex GP syringe driven filter units
(removing e.g. bacteria)

filtering through OASIS HLB (removing ionized analytes)

HPLC analysis and fructan assay or storing at -20 °C

Figure 4. HPLC analysis methodology.

The actual analysis procedures were done by the qualified laboratory staff members. Here a detailed

description of the methodology is presented.

4.2.1. Fructan assay
The analysis of sucrose, starch and fructans requires different methods (Muir et al., 2007). Total

fructan is measured using an enzymatic hydrolysis method, namely Megazyme Fructan HK Assay

kit (Megazyme International Ireland Ltd, Wicklow, Ireland; AOAC Method 999.03 and AACC
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Method 32.32) (Varney et al., 2017). However, as this assay does not give the polymer lenght of
fructans, but only the total fructan content, fructans are further enzymatically hydrolysed to release

monosaccharides, glucose and fructose, that are then measured by HPLC (Muir et al., 2007).

4.2.2. High-performance liquid chromatography (HPLC)

HPLC technique is used to analyse different compounds in a mixture by separating and quantifying
them. The FODMAP analysis utilises HPLC to measure fructose in excess of glucose, sorbitol,
mannitol, lactose and raffinose and stachyose (two different type of galacto-oligosaccharides)
(Varney et al., 2017). Also faster and less solvent-using ultra-high-performace liquid
chromatography is used (Varney et al., 2017). HPLC is used in combination with evaporative light
scattering detector (ELSD).

In HPLC a high-pressure pump is used to push the mobile phase (a solvent) together with the
sample through the stationary phase (usually silica, alumina or cellulose), all of which are in a
stainnless steel column (5-25 cm long, 4.5 mm in width) (Quick Biochemistry Basics, 2019). The
stationary phase contains substrate that is small in particle size, giving therefore a larger surface
area for the analysis. The column is attached to a detector, in this case the ELSD, which is
connected to the computer. The different substrates, e.g. in this case, glucose, fructose, sorbitol,
mannitol, lactose, raffinose and stachyose, are separated in the stationary phase, detected by the
detector and drawn by the computer as peaks against retention time. Standard compounds, in this
case, sugars, are used as they are needed to give meaning to the peaks on the graph. The

concentration of a substrate is calculated by looking at the area under the curve.

4.2.3. Evaporative light scattering detector (ELSD)

The detector, ELSD, uses nebulasation, evaporation and scattering of light in substrate analysis
(Agilent Techonologies, 2016). First the sample goes through nebulisation, which, with the help of
an inert gas, forms fine and even droplet spray that is then heated in the evaporation chamber, so
that volatile compounds are evaporated from the sample. The lowest possible temperature is used,
in order to avoid sample degradation. A beam of light is then shone upon the non-volatile sample

left after evaporation, and the light scattered is in proportion to the amount of sample that is present.
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4.3. Sample analysis

The analysed FODMAP data are shown in mono- and disaccharides fructose, glucose (and
calculated from this data, excess fructose) and lactose. Sugar polyols analysed are sorbitol and
mannitol. The different galacto-oligosaccharides (GOS) are shown as raffinose and stachyose.
Fructo-oligosaccharides (FOS) are shown as nystose and kestose, that according to email
conversation with Dr. Jane Muir from Monash University, are of interest, as these FOS compouds
are particularly readily fermentable, and hence, are likely to aggrevate symptoms. The amount of
FOS is included in the fructan data, as fructo-oligosaccharides are types of fructans. FODMAP

content data of the samples are reported as means (g per 100 g or per portion).

4.3.1. FODMAP content per portion of products

Portion sizes matter greatly in the low FODMAP diet contex. A given food may appeare as high
FODMAP, if only the per 100 g data is evaluated. However, most foods are eaten in smaller
amounts or on several sitting throughout the day, lessening the risk of typical gut symptoms related

to IBS.

The weight of a given portion of food is taken from the manufacturer package information, but in
the case of self-baked bread, cooked pasta and porridge flakes, Fineli composition database was
used. Fineli is a national database maintained by the National Institute of Health and Welfare in
Finland. Portion size was chosen as medium in all examples. In the case of flour and raw pasta, per
portion data is not calculated, as these are not eaten as such. Raw and cooked pasta data are shown
so that evaluations on the effect of cooking on FODMAP content can be discussed. All wheat bread

samples were type toast bread, but were analysed as untoasted.

The manufacturer of berry powders name 12,5 grams as a portion and according to them this
amount is equivalent to 1 deciliter of fresh berries. As it is not unlikely for Finns to consume more
than this in a day, it was thought to be useful to also also calculate the FODMAP content of a 25

gram portion (equivalent to 2 deciliter of fresh berries).

Total FODMAP data are presented as graphs. The total FODMAP content is not shown in the

results tables, as these calculations are more of relevance when looking at the FODMAP content per
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portion and at one sitting. The total FODMAP figure is calculted by adding up excess fructose,
lactose, sugar alcohols, GOS and fructans. As mentioned previously, FOS data is included in the

fructan data, as fructo-oligosaccharides are types of fructans.

4.3.2. Analysing the data in relation to the FODMAP criteria

The analysed FODMAP data are also categorized as being below or above the cut-off values for
low FODMAP criteria (Varney et al., 2017). These criteria are presented in detail in Table 4., but

the relevant case-by-case criteria are also mentioned in the results table.

44



.

- J Tampere University

5. RESULTS
5.1. The FODMAP content of products per 100 grams

Different berries contained different FODMAP compounds. The results are presented in Table 8.
Lingonberry and bilberry both contained only insignificant amounts of sorbitol per 100 grams, but
no other FODMAP compounds. Cranberry (two brands) contained fructans (0.71-0.77 g/100 g) and
insignificant amounts of polyols sorbitol and mannitol. Blackcurrant (one brand) contained plenty
of sorbitol (3.49 g/100 g), whereas sea buckthorn (one brand) contained plenty of excess fructose

(2.22 g/100 g). Sea buckthorn also contained insignificant amount of polyols sorbitol and mannitol.

The most common FODMAP compounds in grain products were fructans and some contain small
amounts of excess fructose and GOS. Results are presented in Table 9 and the in results for rye
products in Table 10. Oat bread (one brand) contained some excess fructose (0.14 g/100 g), an
insignificant amount of mannitol, and some oligosaccharides (0.38 g/100 g). Fructan content was

0.19 g/100 g. Oligosaccharides are calculated combining the GOS and fructan values (see Table 9).

Gluten-free bread (two brands) contained some excess fructose (0.17-0.20 g/100 g) and
oligosaccharides (0.32-0.41g/100 g). Fructan content was 0.28-0.34 g/100 g. Wheat bread (three
brands) contained excess fructose (0.17-0.24 g/100 g), traces of sugar alcohols and oligosaccharides

(0.84-1.37 g/100 g). Fructan content varied from 0.43 g/100 g to 1.13 g/100 g.

Spelt crispbread (two brands) contained insignificant amount of other FODMAPs, but fructan
content was 1.03 g/100 g and 1.17 g/100 g. Spelt pasta (one brand), uncooked, contained mainly
fructans (0.31 g/100 g). Cooking the pasta for 5 minutes lowered the fructan content slightly (0.28
g/100 g). Spelt flakes used for making spelt porridge contained very small amounts of other
FODMAPs, except fructans (1.2 g/100 g). Sourdough spelt bread baked with only spelt flour
contained some excess fructose (0.5 g/100 g) and fructans (1.51 g/100 g). It also contained
insignificant amount of GOS. Sourdough spelt bread make with a combination of flour and flakes
contained excess fructose (0.2 g/100 g) and fructans (0.19 g/100 g). It also contained traces of other
polyols and GOS.
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Rye crispbread (one brand) contained very little excess fructose and polyols. Oligosaccharide
content was 3.22 g/100 g, of which fructans 2.99 g/100 g. Rye sourdough crackers (two brands)
contained some excess fructose (0.12-0.27 g/100 g) and traces of polyols. Oligosaccharide content
was 2.34-3.6 , of which fructans 2.18-3.42 g/100 g. Rye fresh bread (four brands) contained excess
fructose 0.16-0.38 g/100 g and some traces of mannitol. Total oligosaccharides content was 1.18-

2.16 g/100 g. Fructan content varied from 1.04-1.93 g/100 g.

Snacks and sweets contained fructans and polyols. Some contained also small amounts of GOS.
Data are presented in Table 11. Miiesli bars (two brands) contained fructans (2.41-2.49 g/100 g.
which was also the total oligosaccharide content. The raspberry miiesli bar also contained polyols
(1.63 g/100 g). Oat biscuits (one brand) contained 0.27 g/100 g fructans and little GOS, leading to
total oligosaccharide content of 0.3 g/100 g. Spelt liquorice (one brand) contained plenty of sorbitol
(2.71 g/100 g) and some mannitol (0.31 g/100 g). Oligosaccharide content was 0,25 g/100 g, of
which fructans 0.14 g/100 g.

5.2.The FODMAP content of a typical portion

The detailed data for the FODMAP content of berries is shown in Table 8. Blackcurrants contained
large amounts of sorbitol per 12.5 g and per 25 g portions (0.44 g/100 g and 0.88 g/100 g,
respectively). A small portion (12,5 g) and a larger portion (25 g) of sea buckthorn contained excess
fructose (0.28 g/100 g and 0.55 g/100 g, respectively), but only traces of other FODMAPs.
Lingonberry and bilberry portions did not contain FODMAP compounds in significant amounts.

As with 100 grams of grain products, the grain portions contained fructans and some contained
small amounts of excess fructose and GOS. Tables 9 and 10 show data for grain product portions,
as does Figure 6. One slice of oat bread (one type) contained some excess fructose (0.04 g), and
some oligosaccharides (0.12 g). Fructan content was 0.06 g. A piece or a roll of gluten-free bread
(two types) contained some excess fructose (0.8-0.12 g) and oligosaccharides (0.16-0.24 g).
Fructan content was 0.14-0.20 g. A slice of wheat bread (three types) contained excess fructose
(0.04-0.05 g), traces of sugar alcohols and some oligosaccharides (0.21-0.32 g.). Fructan content
varied from 0.11 gto 0.21 g.
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One piece of spelt crispbread (2 types) contained 0.10-0.15 g of fructans, but no other FODMAPs.
A medium portion (125 g) of cooked spelt pasta contained 0.49 g fructans, but no other FODMAPs.
Typically 25 g of spelt flakes is used for a medium size portion of porridge. This amount contains
0.30 g of fructans, but no other FODMAPs. A 30 g slice of sourdough spelt bread baked with only
spelt flour contained some excess fructose (0.2 g) and fructans (0.47 g). It also contained
insignificant amount of GOS. A 30 g slice of sourdough spelt bread make with a combination of
flour and flakes contained excess fructose (0.06 g) and fructans (0.10 g). It also contained traces of

other polyols and GOS.

A slice of rye crispbread (one type) contained very little excess fructose and polyols.
Oligosaccharide content was 0.52 g, of which fructans 0.48 g. Rye sourdough crackers are very
thin. They weigh only 10 grams a piece. The two types analysed contained negligible amount of
excess fructose (0.1-0.2 g). They contained 0.22-0.34 g of fructans a slice and 0.24-0.36 g of total
oligosaccharides. A slice of rye fresh bread (four types) contained excess fructose 0.03-0.1 g. Total

oligosaccharides content was 0.35-0.6 g. Fructan content varied from 0.31 g to 0.54 g.

Snacks and sweets contained fructans and polyols. Some contained also small amounts of GOS.
Data are presented in Table 11. Miiesli bars (two types) contained fructans 0.48-0.5 g. which was
also the total oligosachharide content. The raspberry miiesli bar also contained 0.32 g polyols. One
oat biscuits (5 g) contained only traces of FODMAPs. A larger portion (3 biscuits) also contained
very little FODMAPs, as the fructan content was only 0.4 g. A piece of spelt liquorice (4 g)
contained 0.12 g polyols sorbitol and mannitol and traces of fructans. A whole bag (80 g) contained

2.42 g polyols sorbitol and mannitol and 0.11 g fructans.
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5.3. Products meeting the low FODMAP criteria

Berries that fulfil the low FODMARP criteria are lingonberry, bilberry in all portions, and cranberry in both
12.5 g and 25 g portions. This is shown in Table 8 and in Figure 5. Content for wild cranberries is high only
in large amounts, as shown in per 100 g data. The smallest portion (12.5 g) of sea buckthorns was low

FODMAP according to the criteria. The berry is typically eaten in small amounts, as the it is very sour.

FODMAP content of berries
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Figure 5. The FODMAP content of different Nordic berries calculated for a small portion of berries
(12,5 g dry, 1 dlI fresh). The cut-off value is set at 0,3 g per portion, as this is commonly used as a
rough figure for the FODMAP threshold. Different patterns show different FODMAPs present.

Oat bread fullfilled the low FODMAP criteria best (Figure 6). One wheat toast (Vaasan Isopaahto
vehni) could be considered low FODMAP, when only one slice is eaten. The spelt crispbreads and

one rye crispbread (Oululainen) were below the criteria threshold.

48



.

- J Tampere University

Spelt pasta was below the FODMAD criteria, but since a medium portion of spelt pasta is larger
than 100 grams, the portion was well above the cut-off value. A portion of spelt porridge is
typically made with 25 grams of flakes, which would make spelt porridge suitable for the low
FODMAP diet, as it is just at the cut-off value of 0.3 g/portion (see Figure 6).

One of the self-baked spelt breads was below the low FODMAP criteria (flour + flakes), the other
one was not (flour only). One of the gluten-free, wheat starch based products was below the cut-off
value (Semper Minibaguetter) and the other one was above the cut-off value (Trio three seed bread

rolls). All fresh rye breads were well above the criteria threshold, as were most rye crispbreads.
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FODMAP content of different grain products
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Figure 6. The FODMAP content of grain products. The cut-off value is set at 0,3 g per portion, as
this is commonly used as a rough figure for the FODMAP threshold. Different patterns show
different FODMAPs present. GOS = Galacto-oligosaccharides.

The cut-off value (0.5 g) was chosen as a snack is considered a small meal on its own. Below the

FODMAP cut-off value were oat biscuits, which contained very little FODMAPs. Also a piece of
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spelt liquorice was well below the cut-off value, but a small bag of liquorice contained plenty of

FODMAPs, especially the polyol sorbitol (data not shown in Figure 7, but presented in Table 11).
The 5 grain & chocolate miiesli bar was just below the cut-off value, where as the raspberry miiesli

bar contained much more FODMAPs, especially polyols sorbitol and mannitol (data not shown in

Figure 7, but presented in Table 11).

FODMAP content in snacks and sweets
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Figure 7. The FODMAP content of snacks and sweets. The cut-off value is set at 0.5 g, as this is
commonly used as a rough figure for the FODMAP threshold for a meal at one sitting. Different
patterns show different FODMAPs present. GOS = Galacto-oligosaccharides.
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Table 8. Different FODMAP compounds measured by HPLC and enzymatic assay in different Nordic berries per 100 g and per two typical

portions that berries are eaten in. Abbreviations: GOS = Galacto-oligosaccharides. FOS= fructo-oligosaccharides.

Mono- and disaccharides Sugar polyols GOS FOS
Food Fructos Glucose Excess Lactose Sorbitol Mannito Raffinos Stachyose Nystose Kestose  Total FODMAP rating*
e fructose 1 e fructan
Lingonberry
(Vaccinius vitis-idaea)
Biokia Lingonberry
g per 100 g as eaten weight  7.18 9.11 0 0 .01 0 0 0 0 0 0 Low.
Sorbitol < 0.2 g.
gper 12,5 g (1 dl fresh) 1.14 Low.
g per 25 g (2 dl fresh) 1.8 2.28 Low.
Joswolan Lingonberry
g per 100 g as eaten weight ~ 7.15 10.76 0 0 .01 0 0 0 0 0 0 Low.
Sorbitol < 0.2 g.
gper 12,5 g (1 dl fresh) .89 1.35 Low.
gper25g(2dlfreshy 1.79 2.69 Low.
Bilberry
(Vaccinium myrtillus)
Biokia Bilberry
g per 100 g as eaten weight ~ 4.81 8.62 0 0 0 .02 0 0 .03 17 0 Low. Mannitol <0.2 g.
Oligosaccharides 0.2 g.
gper 12,5 g (1 dl fresh) .6 1.08 0 0 0 0 0 0 0 .02 Low. **
g per 25 g (2 dl fresh) 1.2 2.16 0 0 0 0 0 0 .01 .04 Low. **
Joswolan Bilberry
g per 100 g as eaten weight ~ 4.46 8.49 .04 .01 0 0 0 0 Low. Total polyols < 0.4 g.
gper 12,5 g (1 dl fresh) .56 1.06 .01 Low. Sorbitol <0.2 g.
gper25g(2dlfresh) 1.12 2.12 .01 Low. Sorbitol <0.2 g.
Cranberry

(Vaccinium oxycoccos)

52



.

D Tampere University
Mono- and disaccharides Sugar polyols GOS FOS
Food Fructos Glucose Excess Lactose Sorbitol Mannito Raffinos Stachyose Nystose Kestose  Total FODMAP rating*
e fructose 1 e fructan
Biokia Cranberry
g per 100 g as eaten weight  14.88 21.02 0 0 .04 .02 0 0 0 0 7 High. Total polyols > 0.4,
oligosaccharides > 0.2 g.
gper 12,5 g (1 dl fresh)  1.86 2.63 0 0 0 0 0 0 0 0 .10 Low. Oligosaccharides <
0.2g.
gper25g(2dlfresh) 3.72 5.26 0 0 .01 .01 0 0 0 0 .19 Low. Oligosaccharides <
0.2 g ***
Joswolan Wild
Cranberry
g per 100 g as eaten weight  13.48 19.72 0 0 .04 .03 0 0 0 0 1 High. Total polyols > 0.4 g,
oligosaccharides > 0.2 g.
gper 12,5 g (1 dl fresh)  1.69 247 0 0 .01 0 0 0 0 0 .09 Low. Sorbitol < 0.2 g,
oligosaccharides < 0.2 g
gper25g(2dlfreshy 3.37 4.93 0 0 .01 .01 0 0 0 0 .18 Low. Total polyols < 0.4 g,
oligosaccharides < 0.2 g.
Blackcurrant
(Ribes nigrum)
Joswolan Blackcurrant
g per 100 g as eaten weight ~ 1.35 2.76 0 3.49 0 .01 High. Sorbitol > 0.2 g. **
gper 12,5 g (1 dl fresh) 17 35 44 High. Sorbitol > 0.2 g.
g per 25 g (2 dl fresh) 34 .69 .87 High. Sorbitol > 0.2 g.
Sea buckthorh
(Hippophae rhamnoides)
Biokia Sea buckthorn
g per 100 g as eaten weight  3.13 91 222 0 .01 .02 0 0 0 03 0 High. Total polyols < 0.4 g,
but excess fructose > 0.15 g.
gper 12,5 g (1 dl fresh) 39 A1 28 0 0 0 0 0 0 0 0 Low. Excess fructose < 0.4
g
g per 25 g (2 dl fresh) 78 23 .55 0 0 .01 0 0 0 0 0 High. Mannitol < 0.2 g, but

excess fructose > 0.15 g.

* FODMAP criteria presented in Varney et al. (2017) publication.** Insignificant amount of FOS.*** Insignificant amount of polyols.
Abbreviations: GOS = Galacto-oligosaccharides. FOS= fructo-oligosaccharides.
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Table 9. Different FODMAP compounds measured by HPLC and enzymatic assay in a selection of oat, gluten-free, wheat and spelt products a
per 100 g and per portion.

Oat bread

Vaasan 100 % oat bread

g per 100 g as eaten weight 17 .03 .14 0 0 .01 .19 0 0 0 .19 High. Excess fructose <
0.15 g, mannitol < 0.2 g,
but oligosaccharides > 0.3

g.
g per 30 g (one slice) .05 .01 .04 0 0 0 .06 0 0 0 .06  Low. Excess fructose <
0.15 g. Oligosaccharides <
03g.
Gluten-free, wheat starch
bread
Semper Trio three seed
bread rolls
g per 100 g as eaten weight .67 47 .20 0 0 0 .07 0 0 0 .34 High. Excess fructose >
0.15 g. Oligosaccharides >
03¢g.
g per 60 g (one roll) 40 28 12 0 0 0 .04 0 0 0 .20  Low. Excess fructose <
0.15 g. Oligosaccharides <
03g.
Semper Minibaguetter
g per 100 g as eaten weight 44 27 17 0 0 0 .04 0 0 0 .28  High. Excess fructose >
0.15 g. Oligosaccharides >
03g.
g per 50 g(one piece) 22 .14 .08 0 0 0 .02 0 0 0 .14 Low. Excess fructose <
0.15 g. Oligosaccharides <
03¢g.

Wheat bread
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Vaasan Isopaahto Vehni,
wheat toast
g per 100 g as eaten weight

g per 25 g (one slice)

Fazer Paahto Vehnai,
white wheat toast
g per 100 g as eaten weight

g per 19 g (one slice)

Fazer Paahto Taysjyvi,
wholemeal wheat toast
g per 100 g as eaten weight

g per 25 g (one slice)

Spelt

Sunspelt, organic,
wholegrain crispbread
g per 100 g as eaten weight

48

12

48

.09

.34

.09

.09

31

.08

24

.05

.14

.04

.08

17

.04

24

.04

.20

.05

.01

.01

.01

.01

55

27

.07

24

.05

.26

.07

.33

.08

13

.03

.06

.01

1

.03

57

.14

1.13

21

43

A1

1.03

High. Excess fructose >
0.15 g. Total polyls 0.2 g.
Oligosaccharides > 0.3 g.
Low. Excess fructose <
0.15 g. Oligosaccharides <
03¢g.

High. Excess fructose >
0.15 g. Oligosaccharides >
03g.

Low. Excess fructose <
0.15 g. Oligosaccharides <
03¢g.

High. Excess fructose >
0.15 g. Oligosaccharides >
03 g **

Low. Excess fructose <
0.15 g. Oligosaccharides <
03g.

High. Excess fructose <
0.15 g, but
oligosaccharides > 0.3 g.
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g per 10 g (one piece)
Birkkala, organic,

wholegrain crackers
g per 100 g as eaten weight

g per 12,5 g (one piece)

Sunspelt wholegrain
pasta, cooked 5 min
g per 100 g as eaten weight

g per 125 g (one medium

portion)
Sunspelt wholegrain
pasta, raw
gper 100 g

Birkkala, organic, spelt
flakes
g per 100 g as eaten weight

g per 25 g used for a
medium porridge portion
Birkkala, organic, semi-
course spelt flour

.09

.01

.05

.09

.06

.03

.01

.07

.01

.08

.14

.08

.02

.01

.02

.01

56

.01

.03

.02

Data
missing

Data
missing

.14

.04

1.17

15

28

49

31

1.2

.30

Low. Oligosaccharides <
0.3g.

High. Exess fructose <
0.15 g, but
oligosaccharides > 0.3 g.
Missing data does not
alter outcome.

Low. Oligosaccharides <
0.3 g. Missing data does
not alter outcome.

Low. Oligosaccharides <
03g.
High. Oligosaccharides >
03¢g.

High. Oligosaccharides >
0.3 g. ***

High. Excess fructose <
0.15 g, but
oligosaccharides > 0.3 g.
Low. Oligosaccharides 0.3

g.
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gper 100 g High. Excess fructose <
0.15 g, but
oligosaccharides > 0.3 g.
Sourdough spelt bread
baked with Birkkala
semi-course flour
g per 100 g as eaten weight .09 .04 .05 0 0 0 .05 0 0 26 1.51  High. Excess fructose <
0.15 g, but
oligosaccharides > 0.3 g.
g per 30 g (one medium .03 .01 .02 0 0 0 .02 0 0 .08 45  High. Excess fructose >
slice) 0.15 g, oligosaccharides >
03¢g.
Sourdough spelt bread
baked with Birkkala
semi-course flour + flakes
g per 100 g as eaten weight 25 .05 .20 0 0 .01 .14 0 0 0 .19 High. Mannitol < 0.2 g,
but excess fructose > 0.15
g and oligosaccharides >
03¢g.
g per 30 g (one medium .08 .02 .06 0 0 0 .04 0 0 0 .06  Low. Excess fructose <
slice) 0.15 g, oligosaccharides <
0.3g.

* FODMAP criteria presented in Varney et al. (2017) publication. .** Insignificant amount of polyols. *** Insignificant amount of GOS.
Abbreviations: GOS = Galacto-oligosaccharides. FOS= fructo-oligosaccharides.
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Table 10. Different FODMAP compounds measured by HPLC and enzymatic assay in rye bread and crispbread a per 100 g and per portion.

Vaasan Koulunikki

crispbread
g per 100 g as eaten weight

g per 16 g (one slice)

Vaasan 100 % rye
sourdough crackers
g per 100 g as eaten weight

g per 10 g (one slice)

Oululainen sourdough
crackers
g per 100 g as eaten weight

g per 10 g (one slice)

Ruispalat, organic,
100 % rye
g per 100 g as eaten weight

31

.05

43

.04

23

.02

43

24

.04

.16

.02

A1

.01

.14

.07

.01

27

.02

12

.01

29

.02

.01

.02

.01

23

.04

18

.02

.16

.02

24

28

.04

1

.07

1

.07

.64

.06

18

.02

2.99

A48

3.42

34

2.18

22

1.55

High. Excess fructose <
0.15 g, sorbitol <0.2 g, but
oligosaccharides > 0.3 g.
High. Excess fructose <
0.15 g, but
oligosaccharides > 0.3 g.

High. Mannitol < 0.2 g, but
excess fructose >0.15 g
and oligosaccharides > 0.3
g

High. Excess fructose < 0.2
g, but oligosaccharides >
03g

High. Excess fructose <
0.15 g and mannitol < 0.2
g, but oligosaccharides >
0.3g.

Low. Excess fructose <
0.15 g, mannitol < 0.2 and
oligosaccharides < 0.3 g.

High. Mannitol < 0.2 g, but
excess fructose > 0.15 g
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and oligosaccharides > 0.3

g
g per 28 g (one slice) 12 .04 .08 0 0 0 .07 0 0 0 43 High. Excess fructose <

0.15, but
oligosaccharides > 0.3 g.
Ruispala, original,
contains wheat
g per 100 g as eaten weight .55 17 38 0 0 .01 18 .05 Al 24 1.93  High. Mannitol < 0.2 g, but
excess fructose > 0.15 g
and oligosaccharides > 0.3

g.
g per 28 g (one slice) 15 .05 .10 0 0 0 .05 .01 .20 .07 .54 High. Excess fructose <
0.15 g, but
oligosaccharides > 0.3 g.
Oululainen Reissumies,

fresh rye bread
g per 100 g as eaten weight 24 12 .16 0 0 0 .14 0 0 0 1.11  High. Excess fructose >
0.15 g and
oligosaccharides > 0.3 g.
g per 30 g (one slice) .07 .04 .03 0 0 0 .04 0 0 0 33 High. Excess fructose <
0.15 g, but
oligosaccharides > 0.3 g.
Oululainen
JalKkiuunileipa,
sourdough fresh bread
g per 100 g as eaten weight 31 .09 22 0 0 0 14 0 0 0 1.04  High. Excess fructose >
0.15 gand
oligosaccharides > 0.3 g.
g per 30 g (one slice) .09 .03 .06 0 0 0 .04 0 0 0 31 High. Excess fructose <
0.15 gand

oligosaccharides > 0.3 g.
* FODMAP criteria presented in Varney et al. (2017) publication. Abbreviations: GOS = Galacto-oligosaccharides. FOS= fructo-
oligosaccharides.
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Table 11. Different FODMAP compounds measured by HPLC and enzymatic assay in a selection of snacks and sweets per 100 g and per

ortion.

Miiesli bars

Jyvishyvé Paussi miiesli

bar 5 grains & chocolate

g per 100 g as eaten weight
g per 20 g (one bar)

Jyvashyvi Paussi miiesli
bar raspberry
g per 100 g as eaten weight

g per 20 g (one bar)

Oat biscuits
Jyvishyvi oat biscuits
g per 100 g as eaten weight
g per 5 g (one biscuit)
g per 15 g (three biscuits)

Spelt liquorice

Sunspelt organic spelt
liquorice

5.26

1.05

5.21

1.04

1.07

.05

.16

7.03

1.41

7.39

1.48

1.35

.07

.20

91

18

72

.14

60

.03

.19

.04

241

0.48

2.49

.50

27

.01

.04

High. Oligosaccharides >
03¢g.
High. Oligosaccharides >
03¢

High. Total polyols > 0.4 g
and oligosaccharides > 0.3
g.

High FODMAP. Total
polyols < 0.4 g, but
oligosaccharides > 0.3 g.

Low. Oligosaccharides 0.3
g.

Low. Oligosaccharides <
03¢g.

Low. Oligosaccharides <
03¢
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g per 100 g as eaten weight 17 37 0 0 2.71 31 0 A1 0 0 .14 High. Oligosaccharides <
0.3 g, but total polyols >
04¢.

g per 4 g (one liquorice) .01 .01 0 0 A1 .01 0 0 0 0 0,01  Low. Total polyols <0.4 g
and oligosaccharides < 0.2
g.

g per 80 g (the whole bag) .14 .30 0 0 2.17 25 0 .09 0 0 A1 High. Oligosaccharides <
0.2 g, but total polyols >
04g.

* FODMAP criteria presented in Varney et al. (2017) publication. Abbreviations: GOS = Galacto-oligosaccharides. FOS= fructo-

oligosaccharides.
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6. DISCUSSION

6.1. Main findings

The FODMAP analysis of typical Finnish products provided information on the content of
FODMAPs per 100 grams. This data were used to further calculate the FODMAP content of
products per typical portion size. It was then evaluated whether the products passed the low

FODMAP criteria for both foods per 100 g and in the case of a typical portion size of a given food.

Products such as lingonberry, bilberry and oat bread and biscuits proved out to contain very little
FODMAP compounds, especially per portion, and hence, these could be safely included in the low
FODMAP diet. On the other hand, some products, especially rye bread and crispbreads all
contained plenty of FODMAPs, especially fructans.

6.2. Specific finding by category
6.2.1. Berries

Lingonberry (Vaccinium vitis-idaea) and bilberry (Vaccinium myrtillus) were both low FODMAP is
all portions (per 100 g, per 12,5 g portion, and per 25 g portion). According to the producers
package information, 12,5 g portion is equivalent to 1 dl of fresh berries and 25 g then being
equivalent to 2 dl of fresh berries. The Finnish national database Fineli estimates that 1 dl of fresh
berries is 60 g. This is an interesting finding as previously analysed cultivated blueberries
(Vaccinium corymbosum), are high in FODMAPs according to the Monash University low
FODMAP diet smartphone application. Only a small portion of 40 grams is listed as low
FODMAP. There were no previous FODMAP data on lingonberries.

Blackcurrant (Ribes nigrum) is a typical garden berry in the Nordic countries, but also a popular
berry all around the world, especially as a juice or jam ingredient. Hence, this unpublished
preliminary data should be of interest to many. Blackcurrant was high in sorbitol in all portions, but
there was either none or just traces of other FODMAPs. Therefore, only people who are sensitive to

sorbitol need to avoid blackcurrant, if they wish to avoid GI symptoms. There are other popularly
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grown Ribes family garden berries, namely redcurrant and white currants, that should also be

investigated in the future.

Sea buckthorn (Hippophae rhamnoides) was analysed to contain plenty of excess fructose, whereas
none of the other berries contained excess fructose. There were either none or only trace amounts of
other FODMAPs in sea buckthorn. This means that only people whose small intestine does not
absorb fructose efficiently, may be intolerant to sea buckthorns. However, it should also be noted

that normally only large amounts of fructose are able to trigger GI symptoms (Barrett et al., 2010).

The berry data from this study are unique and interesting for people involved in counselling IBS
patients, but also to the food industry. This study acts as an incentive to study berries further and

according to the systematic sampling protocol.
6.2.2. Grains

Grain FODMAP content, mainly fructans, has been previously published (Biesiekierski et al.,
2011; Karppinen et al., 2003; Whelan et al., 2011), making it possible to compare data from this
work to previous findings. However, FODMAP content of oat bread has previously been
unpublished. Oat bread proved out to pass the low FODMAP criteria (see Figure 6). As the
sampling was not done in the hoped manner, comparing these findings to previous data can provide

an estimation of data reliability.

As in all previous analysis, the highest fructan content was found in rye products (Biesiekierski et
al., 2011; Karppinen et al., 2003; Whelan et al., 2011). The fructan content of fresh rye bread in this
study varied between 1.04-1.93 g/100 g. This is similar to the Australian findings, 1.05-1.42 g/100
g (Biesiekierski et al., 2011), and the UK findings, 1.94 g/100 g (Whelan et al., 2011). The previous
data from Finland by Karppinen et al. provided higher content that of 2.1-2.8 g/100 g (Karppinen et
al., 2003).

Variation in fructan content of grains can be due to climate and seasonal variation (Huynh et al.,

2008), or due to baking methods, which can influence the FODMAP content too, as yeast and
sourdough leavened bread may have different FODMAP content (Loponen et al., 2018). Even
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toasting of bread can alter the fructan content of a slice slightly (Whelan et al., 2011). This is
though to be due to thermal degradation (Whelan et al., 2011).

It is not unsuprising that drying bread increases its fructan content per 100 grams. This was verified
in this study, as the rye crispbread and crackers, both of which are very commonly consumed in
Finland, were both high in fructans (2.18-3.42 g/100 g). These findings are consistent with previous
Finnish data (2.2-2.6 g/100 g; Karppinen et al., 2003), but being less than Australian data (4.6 g/100
g; Biesiekierski et al., 2011). The difference could possible be explained by baking methods, as
Finnish crispbread and rye crackers are typically baked using the sourdough method, which can
break down some of the FODMAP compouds during leavening (Loponen et al., 2018). The
companies, whose products were analysed for the Biesiekierski et al. (2011) study (Ryvita,
Arnott’s), confirmend through email communication that neither one of the rye crispbreads use the

sourdough method.

The Finnish spelt FODMAP content was at the time of sample collection of interest, as previous
measurements had shown that sourdough spelt bread could pass the low FODMAP criteria. In fact,
that 1s what also happened in this study, although the findings were not consistent. The sourdough
spelt bread that was baked with spelt flour and flakes contained dramatically less fructans (0.19
g/100 g) than the sourdough flour-only spelt bread (1.51 g/100 g), although same flour and baking
methods were used. This finding remains a mystery, although Biesiekierski et al. have found similar
findings in Australia from regular non-sourdough spelt bread (0.20 g/100 g). Perhaps, more interest
should be directed in understanding the differences of dough composition (flour, flakes, or a
combination) and also the effect size baking methods can have. The composition and type of
bacteria in sourdough culture should be studied in depth as has been done in the case of rye in an

effort to find ways to lower the FODMAP content of bread (Loponen et al., 2018).

In addition to the berry data, spelt pasta data were, at the time of analysis, unique. There was little
difference between the fructan content of the raw pasta (0.31 g/100 g) and the cooked pasta (0.28
g/100 g). Fructans are water-soluble, but since the cooking time for spelt pasta is only 5 minutes,
cooking process was irrelevant to the fructan content. A small portion of spelt pasta would pass for
the low FODMAP criteria, but a medium size portion was above the cutoff value (0,3 g/portion),
being 0.49 g/100 g. However, if spelt pasta is the only major FODMAP source of a meal, this
portion could pass the cutoff value of a whole meal (0.5 g/100 g; Varney et al., 2017).
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Wheat bread fructan content varied from 0.43 to 1.13 g/100 g. In the Australia data fructan content
were 0.68-0.69 g/100 g (Biesiekierski et al., 2011). Whelan et al. analysed several different white
breads, many of which contained soy flour (Whelan et al., 2011), which is an untypical ingredient
in Finnish breads and could, in theory, influence the FODMAP content of bread, as soy products is
known to be high in FODMAPs (Tuck et al., 2018). The fructan content of white baker’s toast,
which did not contain soy flour, was 1.02 g/100 g, being similar to the highest fructan content of

this study.

If only one slice of bread is eaten, all study wheat breads were below the low FODMAP cutoff

value, emphasising yet again that portion sizes matter in the context of the low FODMAP diet.

Of the two gluten-free, wheat starch products analysed, one product was below the FODMAP
cutoff value and the other just above it (0.28 and 0.34 g/100 g, respectively). In the study by
Whelan et al. two gluten-free wheat starch products were analysed, with varying results (Whelan et
al., 2011). One sample contained 0.36 g/100 g and the other 1.15 g/100 g, which could be explained
by other ingredients and the baking method.

6.2.3. Snacks and sweets

Some data exists also on snacks, such as miiesli bars and biscuits (Biesiekierski et al., 2011),
making it possible to see, whether these findings are similar. In the Australian FODMAP analysis,
miiesli bars with fruit contained 2.53 g/100 g fructans, which is similar to the data in this study,
were one contained 2.41 and the other 2.49 g/100 g fructans. The raspberry miiesli bar contained
also polyols. Both were considered above the 0.3 g/portion cut-off value for grains, but as these
products are normally consumed as a snack on their own, the cut-off value was during data
presentation was set to 0.5 g/portion. If eaten alone, both bars are below or exactly at the cut-off

point.

Oat biscuits are typical biscuits served with coffee, tea or with juice for children. The tested oat
biscuits were below the low FODMAP criteria cut-off value even at 100 grams, equivalent to 20
biscuits, as these biscuits tend to be small. In the light of these preliminary results, these biscuits

are therefore, a gut-friendly option for people sensitive to FODMAP compounds.
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Spelt liquirice was a curiosity product provided by the company SunSpelt that also donated some of
the spelt products. Liquirice as such is indeed a popular sweet in Finland, but normally wheat is
used in its making. Spelt liquirice proved out to contain plenty of sorbitol. The origin of it is a bit of
a mystery as neither one of the sweetening ingredients, the coconut palm sugar nor the sugarbeet
syrup, should contain sorbitol according to Monash University low FODMAP diet smartphone
application. Neither is sorbitol present in spelt flour nor flakes, as shown in this study at by
Australian group (Biesiekierski et al., 2011). There is also the possibility that an error has occurred

in the analysis process.
6.3. Weaknesses of the study

As mentioned earlier, due to the lack of adequate sampling process, these presented findings
represent only the preliminary FODMAP data of given products, which can be regarded as a
weakness of the study. Generalisations on the FODMAP content of given type of foods should be

done with caution.

Sample information could have been handled better, as there was some confusion on the package
amounts and certain products. At one point, the files for these notes were missing. Data was

recovered, but in the future data should be handled with more care.

Results were interpretated and presented several years after the analysis, which is certainly another
weakness, although, several products analysed are still in production. Had the results been
interpreted earlier, it could have been used as an incentive to investigate these products special to

the Nordic countries earlier on.
6.4. Strengths of the study

The study provided data that verifies earlier FODMAP content analysis and it also provided
information that is completely new, and hence, of interest to the field of GI and food development
research. This study also further elucidates regional specialities that need to be taken into
consideration when using the LFD approach. Having had the analysis done at the institute that is

specialised in FODMAP analysis could also be considered a strength.
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6.5. What can be learned

This study taught about the methodology of FODMAP analysis in depth. It also emphasises the
need to evaluate cultural and regional varieties of produce in order for the low FODMAP diet to be
utilized more effective in the management of gastrointestinal symptoms of patients such as people
with IBS. The results also show that portion sizes matter. There is no need to strictly exclude, for

example rye crisps or sea buckthorn, as these foods can be enjoyed in small amounts per sitting.

It should also be noted that the FODMAP cut-off values are highly arbitrary and based on clinical
experience (Varney et al., 2017). As the individual threshold for FODMAP tolerance varies, the
somewhat strict cut-off values raise the question whether they in fact lead patients to exclude foods

too easily.

On a personal level, the work taught especially scientific writing. The delay in sample processing
can be regarded as a weakness, but it does have some benefits. Many more publications have been
published since sample collection year of 2012, having made it possible to discuss both IBS

research and FODMAP research in a more comprehensive way.

6.6. Future perspective

In the future, it would be interesting to systematically sample commonly used rye, spelt, wheat,
gluten-free and berry products, but also some old (xylitol) and some new (vegan protein

alternatives) food innovations and wild produce that are commonly consumed.

The Finnish market has seen a rise in vegan and vegetarian protein products that are an alternative
to traditional meat-based products. Typically, protein-rich foods are not on top of the high
FODMAP list, but as these novel products contain both grains and pulses (e.g., fava beans), the
FODMAP content may be of concern for people with gut issues. Had these products existed in year
2012, they would have been most certainly been included in the analysis. There is no official

information open to the general public on the possible FODMAP content of these products.
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It should be noted that xylitol chewing gum was taken to Australia with the purpose of conducting a
small-scale comparative study looking at whether sorbitol-sweetened and xylitol-sweetened
chewing gum cause gut symptoms and to what extend. The anticariogenic xylitol products have
been little researched or even used and marketed, outside Finland and Japan. Indeed, several
clarifications were requested by the Monash University ethics committee, possibly because they
were unfamiliar with xylitol as a sweetener. Unfortunately, the ethics approval for this study came

already after the student had returned to Finland.

Xylitol is known to have prebiotic properties in vitro and in animal models (Salli et al., 2019) unlike
artificial sweeteners that are known to be harmful to gut microbiota (Rinninella et al., 2019), xylitol
could be investigated further as a tooth- and gut-friendly sweetener. As a polyol it could have
negative effects too (Oku & Nakamura, 2007), but the threshold and likelihood of symptom
aggravation should be investigated further.

Wild produce, berries, mushrooms, and herbs may contribute to some individuals’ FODMAP intake
greatly, but this is only speculation, as actual data was missing. For clinical patient consultations,
evaluating the FODMAP content of these foods would be useful. Berries and mushrooms are
known to contain prebiotic compounds, as they are high in different types of fibre and polyfenols,
and could therefore, contribute to a a gut-friendly Nordic diet, even with less FODMAPs as in the
case of oat, lingonberry and bilberry.

Celiac disease is common in Finland, as the estimated prevalence is 2 %, which is why the food
industry is well-accustomed in producing gluten-free foods for this consumer group. Excluding
gluten-containing rye, wheat and barley from the diet, is thought to lead to a reduction in FODMAP
intake, but this cannot be said of all gluten-free products (Whelan et al., 2011). A systematic
analysis of key gluten-free products from various grain product groups, i.e. sweet and savoury
bakery goods, porridges, pastas and breakfast cereals, would be beneficial, as it is possible for a

patient to have celiac disease (in remission) and functional gut symptoms concomitantly.
6.7. Future of FODMAPs

The low FODMAP diet has been shown to be effective in treating the IBS population in many

countries. The most restrictive phase only lasts for some weeks and it has been shown that most
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patients can reintroduce foods back into their diet (Harvie et al., 2017; Maagard et al. 2016;
O’Keeffe et al, 2018).

The diet may seem laboursome for an outsider, but it should be noted that the diet is accepted by the
patients and they feel it increases their quality of life, in addition to also treating the physical gut
symptoms (Harvie et al., 2017; O’Keeffe et al., 2018). The fact that dietary counselling is not
always given by qualified dietitians, may lead to misuse of the diet and poor patient satisfaction
sometimes experiences in the clinical setting (Trott et al., 2019). The recommended three-phase
procedure of elimination, reintroduction and personalisation (Whelan et al., 2018) eventually leads
to and individualised “adapted FODMAP diet” (O’Keeffe et al., 2018). It should be also
emphasised that the LFD is a voluntary diet. No patient should ever be forced to follow the diet, and

they should be informed on its pros and cons.

The low FODMAP diet is not a treatment to IBS, as it is merely a way to manage symptoms. Two-
thirds who try it, benefit, the rest need other treatments to manage their IBS symtoms. Possible
confounders that influence the diet efficacy could be e.g. impaired gut-brain axis, or other
malabsorption conditons, such as sucrase-isomaltase deficiency or intolerances, like wheat
sensitivity. Efforts to identify diet responders are being made. One promising testing with strong
accuracy is measuring of volative organic compouds from feaces (Rossi et al., 2018). Aggressively
marketed gut microbiota profiling has been suggested as means to individualize diets further, but
according to a recent review, the inconsistent evidence from studies, do not support their use in IBS

(Biesiekierski et al., 2019).

One answer to dealing with gut symptoms inducing FODMAPs may be bioprocessing of food. At
the moment it is possible to alleviate the negative effects of GOS by taking an enzymatic
supplement (Tuck et al., 2018a) or using a lactase enzyme when eating lactose containing foods.
This strategy relies on the purchase of enzymes and carrying them with oneself, if eating out. These
enzymes can be costly. Nyyssold et al. (2020) suggests that the enzymatic process could take place
already at the manufacturing stage (Nyyssola et al., 2020). This could be also more effective, as
reaction conditions (pH, incubation time) can be more altered in at a manufacturing site.
Bioprocessing is certainly an option for the food industry, but as people are encouraged to consume
a highly plant-based and unprocessed diet, this enzymatic application is only helpful for some

foods.
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The major question regarding the LFD has been its long-term effects especially with regards to the
gut microbiota. More information should be gathered on the reintroduction phase of the diet. It
should be investigated whether there are ways to inhibit the negative effects on gut microbiota with
for example diet, probiotics or prebiotics. Nutrients other than fibre, such as antioxidants, are
known to stimulate the growth of micro-organisms in the gut. There is already evidence that taking
a probiotic is beneficial in curbing the decline of bifidobacterial during the LFD elimination phase

(Staudacher et al., 2017).
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7. CONCLUSIONS

FODMAP analysis has been done on a vast array of products from several countries and continents.
These preliminary finding from Finnish products show that there are still food groups, such as
berries, that require further analysis. More accurate data would make it easier to apply the LFD in

perhaps new regions, and with better efficacy.

Based on the results of this study, people on the low FODMAP diet can add lingonberry, bilberry
and some slices of oat bread, spelt porridge and biscuits to their diet. Some foods, like sea
buckthorn and wild cranberries, can also be included in the diet in small amounts. There are not
many spelt products or producers on the market in Finland, but spelt bread baked with the
sourdough method could be a nice addition to the selection of cereal products suitable for people

with a sensitive gut, as these products could be lower in FODMAP compounds.

The iconic Finnish rye bread is popular, but due to its fructan content, can cause gut symptoms to
many. It is a typical complaint in Finland that rye bread upsets one’s stomach, especially if eaten in
large amounts. This is where the trick often lies: in the portion sizes. These preliminary finding
show that even a rye crispbread could pass the low FODMAP criteria, if eaten in small amounts.

People on the LFD can savour the taste of rye, when they just limit the amounts.

Motivated by these results, the student plans to analyse at least the berry data futher, as there is no
comprehensive literature on the topic, as was discussed earlier in this publication. Adequately
collected samples could be analysed in the same manner as was done in the previous FODMAP
content studies, and indeed, in this study. In the dietetic practise, the suitability of wild mushrooms
is a annual topic brought about by the autumn mushroom season. Hence, collecting and analysing
wild mushroom data would be helpful for the purpose of dietary counselling and more

comprehensive FODMAP databases.
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