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Fructan content in most
commonly consumed Slovenian
foods and estimation of daily
fructan consumption

Blaž Ferjančič*, Mojca Korošec, Ana Kočevar Baloh and
Jasna Bertoncelj

Biotechnical Faculty, University of Ljubljana, Ljubljana, Slovenia

Fructans can be considered as part of the group of fermentable oligo-, di- and
monosaccharides and polyols (FODMAPs). Short-chain fructans have a rapid
fermentation rate and can thus worsen symptoms in patients with irritable bowel
syndrome. In this study, the fructan content in 40 of the most commonly
consumed foods in Slovenia was measured. Overall, the fructan content was
relatively low: 0.1–1.97 g/100g fresh weight. The highest fructan content was
found in onion (1.97 g/100g), followed by wheat flour (0.75 g/100g). A simple
model for calculating fructan intake was developed based on the results of the
SI. Menu 2017/2018 national survey, which collected data on the frequency of
intake of di�erent foods and food groups (expressed in g/day). After calculating
the daily intake of the surveyed foods, we used our results on fructan content
to estimate daily fructan consumption. Mean daily fructan intake reaches 1.6–
1.7 g/day, with no di�erences between men and women. Our assessment of
fructan intake at the national level represents the first step toward the creation
of a database on FODMAP intake.
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1 Introduction

Fructans are widespread throughout the plant kingdom and are found in
monocotyledonous and dicotyledonous plants and green algae. Fructans are linear or
branched polymers in which one or more of the β-fructofuranosyl-fructose linkages,
such as β (2-1) and β (2-6), constitute the predominant unit. This results in
fructooligosaccharides of different sizes (1), ranging from 15 to 200 monomers (2). The
fermentation rate of fructans depends on the degree of polymerization, with shorter chains
fermenting faster than longer ones (3). In addition to size, fructans can also be classified
according to the predominantly present glycosidic bond as either β-2,1-linked inulins or
β-2,6-linked levans (4). In this article, the term “fructan” is used for both groups.

Due to their chemical composition and physical functions, fructans belong to the
group of dietary fibers (5). Fructans positively affect human health, with health benefits
such as lowering serum triglyceride and cholesterol levels, increasing calcium absorption,
regulating glucose homeostasis, and relieving constipation and other benefits associated
with fermentable dietary fiber (1). Nevertheless, the fermentation of fructans with shorter
chains (≤10 monomers) can also cause certain problems. Fructans belong to fermentable
oligo-, di- and monosaccharides and polyols (FODMAPs), which rapidly ferment not only
in the large intestine but also in the distal part of the small intestine, causing abdominal
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pain, flatulence, cramps, and altered bowel habits when consumed
in higher amounts (6). Skodje et al. (7) demonstrated that fructans
are more likely to trigger symptoms in non-celiac gluten-sensitive
individuals than gluten itself. However, the exact role of fructans
in the diets of patients with gastrointestinal disorders remains
to be determined (7). On the one hand, fructans can exacerbate
symptoms in patients with irritable bowel syndrome (IBS) because
of their rapid fermentation rate. On the other hand, fructans are
prebiotics and promote probiotic bacteria, which have a positive
effect on colon health (8).

Data on fructan content in foods are important for informed
dietary intervention for IBS patients who require low FODMAP
intake (9). Because of the different physiological functions of
fermentable dietary fiber, which includes fructans, it is important
to be able to estimate their dietary intake. Fructans have been
shown to modulate human microbiota and promote butyrate
production when fermented in the colon (10). Nevertheless, studies
on fructan consumption are scarce and mainly limited to IBS
patients. Algera et al. (11) reported that mean daily fructan
intake is 2.5 g/day (range: 0.7–7.0 g/day), and Liljebo et al.
(12) reported that mean daily fructan intake is 3.5 g/day in the
Swedish population.

The aim of our study was to estimate the fructan content
in food samples with determined low-molecular-weight
soluble dietary fiber to obtain more comprehensive data on
dietary fiber components in Slovenian foods and to extend
our work on dietary fiber determination (13). Using the data
obtained, we developed a simple model to estimate fructan
intake in the adult Slovenian population as this was never
done previously.

2 Materials and methods

2.1 Samples

The included food samples were selected based on previous
data from the Slovenian national food consumption study SI.
Menu 2017/2018 (14), which was conducted as part of the
international EU.Menu study. In 2022, Ferjančič et al. (13)
determined total dietary fiber, including low-molecular-weight
soluble dietary fiber, using the AOAC 2011.25 method. In this
current study, we excluded liquid samples. Samples (Table 1) were
purchased from grocery stores (including supermarkets) or local
markets in Slovenia. Composite samples were made from at least
three subsamples of different brands of the same food if the food
was branded and packaged (e.g., canned beans were an equal mass
mixture of red, brown, and white beans). The same principle was
applied across different cultivars of vegetables and fruits, with
at least three subsamples of these unbranded foods included in
composite samples, which contained only edible parts. The samples
were cooked, baked, or fried and then dried and weight loss was
recorded (at 50 ◦C overnight; Stermatic ST-11, Zagreb, Croatia).
Water content were calculated. Dried samples were ground to a
particle size of <0.5mm. Samples containing >10% fat according
to the Slovenian Food Composition Database (15) were defatted
according to AOAC 985.29 by treatment with petroleum ether
before fructan determination.

2.2 Fructan determination

The extraction and determination of fructans has been
described previously (16) and is recognized by the AOAC (AOAC
999.03). The samples were first dried and ground to a particle
size of ∼0.5mm. These samples (0.1–0.4 g) were then placed into
centrifuge tubes (50ml), and fructans were extracted with hot
water (10min, 100◦C). The samples were then cooled to room
temperature, and 2ml aliquots were transferred to microcentrifuge
tubes and centrifuged (13,000 rpm, 5min, Eppendorf Centrifuge
5415D, Germany). The sample aliquots were transferred to test
tubes and treated with solutions of sucrase/amylase, alkaline
borohydride solution (to remove sucrose, starch, and reducing
sugars), and then fructanase (40◦C, 30min). Next, reagent blanks
and sample blanks were prepared. The working reagent 4-
hydroxybenzoic acid hydrazide was added to all tubes and
incubated in boiling water for 6min. After cooling the samples
and sample blanks in cold water, the absorbance was measured at
410 nm. Samples with a difference in absorbance between sample
and sample blank of ≤0.02 were below the limit of quantification.
The results were quantified in comparison to the reference point
for the absorbance of 54.5 µg D-fructose. To verify the results,
the control samples included in the enzyme kit were tested with
each batch of samples. All reagents and enzymes were obtained in
Megazyme Fructan Assay kit.

2.3 Calculation of fructan intake

A simple model for calculating fructan intake was developed
based on the SI. Menu 2017/2018 national survey results, from
which data on the frequency (mode) of intake of different foods
and the intake of different food groups (expressed in g/day) was
obtained. Six different food groups (the most important food
groups for dietary fiber intake) were chosen. As we previously
selected the foods to be analyzed, we developed a model based
on “forced food selection.” First, we selected the food groups that
contribute to dietary fiber and fructan intake. Second, we identified
the most common foods in the food groups based on mode. Third,
we calculated the contribution of each identified food in a food
group as the ratio of the mode of the food versus the sum of modes
for all foods in the group.With this, we established the contribution
of each identified food to total intake with this food group. Fourth,
we multiplied the percentage of food contribution to food group
intake with the mass of food group intake and fructan content in
the food. This yielded fructan intake for each identified food. Last,
we summarized fructan intake for each of 392 subjects (182 men
and 210 women) from the SI. Menu 2017/2018 study (14). The
estimated daily fructan intake was the mean intake of all subjects.
The model was designed and calculated with Microsoft Excel.

3 Results

3.1 Fructan content in foods

We analyzed the fructan content in 40 of the most consumed
foods in Slovenia (Table 1). Additionally, we considered data for
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TABLE 1 Fructan content in food.

Sample Water content (%) % FRU (DW) % FRU (FW) % FRU/portion (g) LMWSDF (g/100g FW)

Vegetables

Onion 88 16.41± 0.40 1.97± 0.05 1.38 (70) 4.09± 0.70

Carrot 88 0.90± 0.11 0.11± 0.01 0.12 (110) 1.62± 0.43

Kohlrabi 91 ND ND ND 0.18± 0.10

Tomato 95 0.19± 0.03 0.01± 0.00 0.01 (148) 0.27± 0.03

Lettuce 98 0.61± 0.04 0.01± 0.00 0.00 (36) 0.03± 0.00

Bell pepper 90 0.17± 0.04 0.02± 0.00 0.01 (119) 0.18± 0.06

Cauliflower 89 0.49± 0.10 0.09± 0.01 0.11 (120) 0.21± 0.12

Broccoli 87 0.12± 0.02 0.02± 0.00 0.03 (148) 1.03± 0.46

Cucumber 95 ND ND ND 0.14± 0.03

Cabbage 91 0.36± 0.06 0.03± 0.01 0.02 (80) 0.94± 0.93

Leek 92 2.96± 0.06 0.24± 0.00 0.21 (89) 1.57± 0.07

Courgette 95 0.16± 0.07 0.01± 0.00 0.01 (90) 0.64± 0.10

Pickle 94 ND ND ND 0.15± 0.08

Sour turnip 92 ND ND ND 4.70± 0.29

Sauerkraut 92 ND ND ND 2.70± 0.33

Potato

Cooked potato 84 ND ND ND 0.24± 0.02

Baked potato / ND ND ND 1.75± 0.75

French fries 85∗ ND ND ND 1.79± 0.55

Crisps 69∗ ND ND ND 2.95± 0.13

Fruits

Banana 74 0.42± 0.04 0.11± 0.01 0.14 (126) 0.76± 0.16

Apple 85 0.87± 0.04 0.09± 0.01 0.22 (242) 2.65± 0.20

Orange 77 0.90± 0.13 0.21± 0.03 0.28 (131) 1.28± 0.33

Grape 81 0.33± 0.08 0.06± 0.01 0.08 (126) 0.83± 0.13

Pear 77 0.58± 0.07 0.13± 0.02 0.22 (166) 0.09± 0.03

Tangerine 88 0.76± 0.06 0.11± 0.01 0.12 (109) 1.80± 0.18

Grains and grain products

White bread 38 0.22± 0.05 0.14± 0.03 0.04 (25) 3.81± 0.58

Brown bread 44 0.25± 0.04 0.14± 0.02 0.04 (29) 6.71± 1.10

Wheat flour T500 / 0.75± 0.04 0.75± 0.04 0.94 (125) 6.06± 1.62

Rice (cooked) 79 ND ND ND 2.65± 0.20

Corn flakes / ND ND ND 1.53± 0.03

Rolled oats / 0.32± 0.01 0.32± 0.01 0.48 (159) 1.45± 0.06

Pasta (cooked) 55 0.73± 0.03 0.33± 0.01 0.33 (100) 1.91± 0.07

Polenta (cooked) 53 0.07± 0.03 0.04± 0.01 0.07 (170) 1.03± 0.29

Dehulled barley / 0.47± 0.15 0.47± 0.15 0.47 (100) 1.27± 0.05

Legumes

Canned peas 81 1.70± 0.16 0.33± 0.03 0.26 (79) 5.07± 0.23

Green beans 92 0.39± 0.14 0.03± 0.01 0.05 (177) 1.07± 0.31

(Continued)
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Ferjančič et al. 10.3389/fnut.2024.1446771

TABLE 1 (Continued)

Sample Water content (%) % FRU (DW) % FRU (FW) % FRU/portion (g) LMWSDF (g/100g FW)

Canned beans 87 1.85± 0.03 0.24± 0.00 0.43 (179) 1.48± 0.03

Nuts

Almond∗ 48∗∗ 1.16± 0.09 0.60± 0.04 0.17 (28) 1.66± 0.23

Hazelnut∗ 33∗∗ 1.09± 0.04 0.73± 0.03 0.20 (28) 1.30± 0.38

Walnut∗ 44∗∗ 0.66± 0.11 0.37± 0.06 0.10 (28) 1.35± 0.40

DW, dry weight; FW, fresh weight; ND, non-detectable; LMWSDF, low molecular weight soluble dietary fiber; % FRU/portion (g), percentage of fructan per portion, mass of the portion (as

defined in OPEN) in brackets.
∗Water and fat content combined.
∗∗Fat content.

low-molecular-weight soluble dietary fiber (13) because fructans
are part of this dietary fiber subgroup. Overall, the fructan content
in our samples was relatively low: 0.1–1.97 g/100 g fresh weight.
The highest fructan content was found in onion (1.97 g/100 g),
followed by wheat flour (0.75 g/100 g). Fructans were not detectable
in any of the samples only in the potato group. No correlation
between fructan content and low-molecular-weight soluble dietary
fiber was observed.

3.2 Fructan intake in the adult Slovenian
population

In the second part of our study, we developed a simple model
to estimate approximate fructan intake in the adult Slovenian
population (aged 18–65 years). The model was evaluated by
comparing estimated dietary fiber intake. The decision to use the
same model as for dietary fiber estimation, was based on the fact
that fructans represent dietary fiber, and the foods included in the
model were the same. Data from our previous study were used to
evaluate the model (13). A previous model using data obtained
by the AOAC 991.43 method estimated a daily intake of dietary
fiber for adults of 17.61 ± 7.45 g/day (17). Koroušić et al. (18)
reported 19.7 g dietary fiber/day, based on the food consumption
data from SI. Menu 2017/2018. Our model shows that fiber intake
is underestimated by 10.6%. However, we only assessed 40 different
foods, as opposed to Koroušić et al. (18), who used detailed data
from the 24-h recall and food propensity questionnaire from the
SI. Menu 2017/2018 survey. Based on this comparison, our model,
although simple, provides an adequate rough estimate of dietary
fiber and fructan intake. Daily fructan intake is presented in Table 2.
Our data indicate that the range of daily fructan intake is 0.2–
5.5 g/day, and that mean fructan intake reaches 1.6–1.7 g/day,
with no significant differences between men and women. The
mean contributions of the main sources of fructan were 0.72 g for
onions, 0.41 g for white flour (T500), and 0.13 g for dehulled barley,
followed by bananas, apples, and pasta, all contributing 0.06 g.

4 Discussion

4.1 Fructan content in foods

Our results regarding fructan content are mostly lower than
those of other studies. For example, for white bread, we determined

TABLE 2 Daily fructan intake in the adult Slovenian population.

All Male Female

Mean± SD (g/day) 1.69± 0.84 1.69± 0.85 1.61± 0.89

Minimum (g/day) 0.21 0.29 0.21

Maximum (g/day) 5.54 5.54 5.53

0.14 g/100 g, whereas Lockyer and Stanner (19) reported 0.68
g/100 g. Conversely, our results regarding onions, white rice, pasta,
and beans are comparable to those of Lockyer and Stanner (19).
The data for fruits and vegetables used in the study by Lockyer
and Stanner (19) were obtained by Muir et al. (20), who used the
Fructan HK Assay Kit. Different methodologies may explain the
discrepancies between our results and theirs. Compared to our
study, Biesiekierski et al. (21) reported similar fructan levels for
processed foods (e.g., pasta and bread) and similar discrepancies
between studies. The enzyme-based analytical method for fructan
determination requires testing control material, and thus we may
conclude that discrepancies between data derive from the biological
variability of foods from different geographical origins.

4.2 Dietary fructan intake in the adult
Slovenian population

Low fructan intake can be associated with insufficient dietary
fiber intake. Liljebo et al. (12) used over 1,800 different values
of fructan content in various foods and a 4-day food diary and
estimated that the fructan intake of the Swedish population is
3.46 g/day. Barrett and Gibson (22) assessed fructan intake in the
Australian population. They reported a daily fructan intake of 3 g
based on a 7-day food diary and 3.3 g based on a food frequency
questionnaire. These values are twice as high as those in our study.
Another study reported daily fructan intake at 2.9–3.9 g/day, with
lower daily intakes in patients with Chron’s disease and higher
intakes in healthy controls (23).

The presented model for estimating fructan intake is a very
simple model. We would like to emphasize that this model enables
a rough preliminary estimation of fructan intake for the Slovenian
population. For a more accurate estimation, a larger number of
foods should be investigated. Nevertheless, we have demonstrated
how to quickly and easily develop a model for estimating food
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intake that does not require pre-existing food composition
databases. The only prerequisite for this approach is access to data
regarding the frequency of food consumption and the mean daily
intake of selected foods. For the European Union, these data are
available on the European Food Safety Authority website (https://
www.efsa.europa.eu/en/data-report/food-consumption-data#the-
efsa-comprehensive-european-food-consumption-database). For
our model, we used raw national data, as the basis for the model
was developed before the data for Slovenia were published. To
improve the estimation of fructan intake, each respondent should
report dietary intake using a food diary, cross-referenced in the
interview with a trained interviewer to avoid under-reporting and
ensure good-quality data. This should be followed by extensive
analytical work to determine fructan content in foods, as there
is no existing database containing this information. Overall, this
approach, although more precise, would be a huge undertaking.
With our work, we have taken the first step to enabling this kind
of research.

4.3 The significance of knowing fructan
content and intake

As fructans belong to the FODMAP group, the assessment
of fructan intake at the national level is a first step toward
the creation of a database on FODMAP intake (12, 24, 25).
According to Mansueto et al. (26), this enables a better dietary
approach to resolving the symptoms of IBS patients with low-
FODMAP diets. Dugum et al. (27) in their review of the
low-FODMAP approach to reducing IBS symptoms mentioned
a website with data on FODMAP content in foods, which
could help patients make informed choices when buying foods.
However, given the differences in fructan content of foods due
to geographical origin (see previous chapter), we advocate the
development of a national database. Nevertheless, it should be
noted that the inclusion of fructans in the FODMAP group is
somewhat controversial. According to Halmos and Gibson (28),
the term FODMAP is poorly defined, and its broader meaning
also includes fructans with a higher degree of polymerization
(e.g., inulin with long chains of >23 monomer units), which
exert minimal osmotic effects and exhibit slower fermentation
rates. Compared to other fructans, inulin is less soluble and more
viscous in solutions, which results in slower fermentation rates
(29) and less frequent gastrointestinal symptoms (30). In this
study, we considered fructan a FODMAP because ourmethodology
only quantifies total fructan content regardless of the degree
of polymerization.

Research on FODMAPs is also gaining attention because of
the currently accepted approach to alleviating IBS symptoms—the
low-FODMAP diet, which eliminates foods containing FODMAPs
and reintroduces tolerated foods. Without knowledge of FODMAP
dietary intake or content in foods, this approach can lead to a
deficiency of nutrients, especially dietary fibers (31). Furthermore,
Varney et al. (32) reported that 0.5 g of FODMAPs per meal is the
threshold that does not cause reactions in IBS patients. Our study
has set the foundation for adding one of the FODMAP constituents
(fructans) to the national food composition database, which would

improve the tools available to clinical dietitians working with
IBS patients.

4.4 Strengths and limitations

This study is based on food consumption data of the Slovenian
population, and the selected samples represent the most commonly
consumed fructan-containing foods. In this way, we analyzed
samples in order of importance based on their contribution to
fructan intake. A limitation of this approach is that only a small
number of samples was analyzed. This was compensated for by
using composite samples to ensure representative and robust
results. The greatest strength of the fructan intake estimation is
its simplicity and the use of analytical data on fructan content.
The model was developed using actual consumption data from
392 adults previously sampled by Gregorič et al. (14). We have
proposed an approach to improve the precision of our study in the
chapter 4.2.

5 Conclusions

In this study, we assessed fructan content in 40 different food
samples and determined values of 0.1–1.97 g/100 g fresh weight.
These results were used to develop a simple model for estimating
fructan intake, which was subsequently verified and the model
was confirmed as adequate. This study is the first to estimate
daily fructan intake for the adult Slovenian population (at 1.7
g/day). Furthermore, our results represent the first step toward
the inclusion of data on fructan content in the national food
composition database.
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