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Grain fructans play an important role in the physiology of wheat plants and also impact 
on the health of consumers of wheat-based products. Given the potential economic impor-
tance of fructan levels, if genetic variability could be identified for this trait, it may be a 
potentially useful breeding target for developing climate-resilient and nutritionally enhanced 
wheat varieties. The aim of the current study was to screen 78 genetically diverse Australian 
wheat varieties released between 1860 and 2015 to determine if historic breeding targets 
have resulted in changes in fructan levels and to identify potential breeding parents for the 
development of varieties with specific fructan levels. The impact of seasonal conditions on 
grain fructan levels were also investigated. Analysis of the varieties in this study indicated 
that historic breeding targets have not impacted on grain fructan levels. Fructan content in 
flours varied between 1.01 to 2.27%, showing some variation among the varieties. However, 
a significant variation in fructan levels was observed between different harvest years (mean 
values for 2015 and 2016 samples were 1.38 and 1.74%, respectively). While large varia-
tions in fructan contents of different varieties were not found, there were some varieties with 
consistently higher or lower fructan contents which could be used to breed varieties with 
specific fructan levels. 
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Introduction

Wheat is the third most important cereal after maize and rice based on global production 
(Shewry et al. 2013). Wheat carbohydrates are considered as a major source of energy  
in the everyday diet. Wheat is also rich in other nutrient components including proteins, 
fibre, lipids, minerals, vitamins and bioactive compounds, all of which contribute to a 
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healthy diet (Shewry and Hey 2015; Belderok et al. 2000). Due to the widespread con-
sumption and importance of wheat as a dietary source of energy, there has been an in-
creasing interest in exploring the health benefits of wheat and wheat-based foods. 

In cereals, fructans are categorized as water soluble storage carbohydrates. Being a 
source of carbon reserve in plants, fructans have a major functional role in plant physiol-
ogy (Van den Ende and El-Esawe 2014). In wheat, fructans play a role in osmoregulation 
and responding to stress tolerance (Xue et al. 2011; Xue et al. 2013; Joudi et al. 2012). 
Fructans are also considered as an important contributor to the total amount of ferment-
able oligosaccharides, disaccharides, monosaccharides and polyols (often termed  
FODMAPs). The term FODMAP was first coined by Gibson and Shepherd (2005) based 
on its relationship with Crohn’s disease. FODMAPs are widely present in plants such as 
cereals as well as fruits and vegetables (Fraberger et al. 2018). 

As wheat is considered a staple food crop and is consumed in large amounts globally 
(Van Loo et al. 1995; Moshfegh et al. 1999), it is considered as a major contributor of 
FODMAPs in our diet (Biesiekierski et al. 2011; Whelan et al. 2011). The type of FOD-
MAPs present in wheat grain include monosaccharides (fructose), disaccharides (sucrose 
and maltose), trisaccharides (raffinose) fructo-oligosaccharides (fructans) as well as sug-
ar alcohols (glycerol and mannitol) (Costabile et al. 2014; Gibson and Shepherd 2010). 
Fructans or fructo-oligosaccharides are the most abundant type of FODMAPs present in 
wheat grain. Wheat fructans are of graminan (branched)-type, with both β-(2,1) and β- 
(2,6) linkages, comprising mainly of fructose units with some having one glucose unit as 
well (Carpita et al. 1991). Of the different wheat grain fractions, the bran layer has the 
highest FODMAP content followed by “middlings” and then the endosperm (Knudsen 
1997; Haskå et al. 2008). The concentration of fructans in whole wheat flour ranges from 
0.66–3.20 g/100 g and is a moderately heritable trait (Andersson et al. 2013; Huynh et al. 
2008b).

FODMAPs have been associated with both positive and negative health effects. 
Fructan consumption has been shown to promote a healthy gut and improve immune 
function (Lomax and Calder 2008) as well as improve mineral bioavailability (Abrams et 
al. 2005; Abrams et al. 2007). Moreover, fructans have recently been recognized as die-
tary fibre or a prebiotic (Andersson et al. 2013). FODMAPs were also initially reported 
to be the cause of Crohn’s disease and more recently, have been recognized as one of the 
major triggers of irritable bowel syndrome (Gibson and Shepherd 2010; Staudacher et al. 
2011). This combination of positive and negative health effects of FODMAPs in human 
provides an opportunity to develop wheat varieties that cater to the needs of those who 
require high or low FODMAP diets.

A number of research studies have been published describing the type and quantity of 
FODMAPs found in various food sources as well as the role of FODMAPs in human 
health (Békés 2012b; Halmos et al. 2015; Haskå et al. 2008; Muir et al. 2014; Pirkola et 
al. 2018; Roberfroid et al. 2010; Struyf et al. 2018). There remains a lack of detailed in-
formation about the effect of genetic and environmental factors on fructan contents of 
wheat and wheat relatives. This has initiated large screening programs to identify geno-
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types with suitable (high or low) fructan contents to be utilised in breeding programs to 
produce varieties that will deliver specific health outcomes. 

Identification of wheat varieties with specific characteristics such as low or high 
fructan contents will provide a platform for breeding wheat cultivars targeted to specific 
domestic and export markets seeking specific health outcomes. The aim of the current 
study was to screen a set of diverse Australian wheat varieties for their fructan contents to 
assess their importance in contributing to FODMAP levels in diets. This study also evalu-
ates the importance of seasonal variation on fructan levels in Australian wheat varieties. 

Materials and Methods

Sample collection and preparation

A set of 78 wheat varieties released in Australia between 1860 and 2015 was selected for 
the current study (Table S1*). All varieties were cultivated at the same location (Col-
lingullie, New South Wales, Australia) over two growing seasons (2015 and 2016). Each 
variety was grown without irrigation with a plot size of 4.5 m2 with sowing and harvest-
ing occurring in May and December, respectively. All field experiments were conducted 
by Australian Grain Technologies Limited (AGT).

Whole grain samples were ground to a particle size of approximately 0.5 mm using a 
laboratory mixer mill (Retsch MM 440). Total dry matter contents were determined using 
Mininfra SmarT NIR instruments. All samples were packed in paper bags, and used for 
analysis within 1 week.

Fructan extraction and analysis

Flour samples (1 g) were suspended in 40 mL distilled water (80–85 °C) and continu-
ously mixed using a hotplate, magnetic stirrer (approximately 80 °C) for 15 min in order 
to completely solubilize fructans. The wheat/water mixture was cooled down to room 
temperature, adjusted to 50 ml with distilled water and centrifuged at 480 g for 5 min. 
Aliquot of supernatant was filtered through Whatman No. 1 filter paper and analysed im-
mediately. The total fructan contents were determined according to the method described 
in Megazyme HK Assay Procedure (Mccleary et al. 2000; Megazyme fructan assay kit). 
All measurements were conducted in triplicate.

Statistical analyses

ANOVA for multiple comparisons (LSD test) was performed using SPSS (Version 25 
IBM Corporation 1989, 2017.)

*Further details about the Electronic Supplementary Material (ESM) can be found at the end of the article.
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Results

A set of 78 Australian wheat varieties released in Australia between 1860 and 2015 were 
analysed for their fructan contents and results are presented in Fig. 1, Table S1.

Based on the statistical analysis, significant difference was observed between the over-
all mean fructan contents of the samples grown in the two consecutive seasons. The total 
fructan contents ranged from 1.01%–1.99% and 1.31%–2.27% in 2015 and 2016, respec-
tively. Analysis of variance carried out on the data indicated a small effect of genetic 
factors (F = 1.755, p = 0.022), and very strong effects of harvest year (F = 97.855, 
p = 0.000) on fructan content.

Despite the significant differences in fructan contents over the two cultivation years, 
the grain fructan contents of 2015 and 2016 harvest were positively correlated (Fig. 2, 
r = 0.57, p ≤ 0.01). 

No significant genotype by environment interaction was observed in the current study, 
(F = 0.475, p = 0.998). 

Furthermore, based on the average fructan levels of the two cultivation seasons, a 
number of varieties have been identified having higher or lower fructan levels. Varieties 
Suntop, Calingiri and Kite were found to have consistently lowest fructan levels (1.41, 
1.41% and 1.53%, respectively) while Batavia, Ega-gregory and Tincurrin (4.21%, 3.78% 
and 3.67%, respectively) seemed to consistently contain the highest levels of fructan. 

Comparing the differences in the fructan levels in the corresponding samples from the 
two cultivation seasons, large variations were observed. In the case of the variety Chara 
practically no alteration can be observed (1.67% and 1.68% during 2015 and 2016 respec-
tively), while a difference of 1.01% was found in the samples of the variety Excalibur 
grown in the two different seasons (1.22 and 2.23% for 2015 and 2016, respectively). 

Discussion

In recent years, the quantification of fructan in cereal grains is getting more attention due 
to extended health benefits and the adaptation of the dietary fibre definition. The amount 
of fructan in cereals is quite variable with highest amount on dry basis in rye (3.6–6.6%) 
followed by wheat (0.7–2.9%), spelt, durum, einkorn and triticale almost similar in their 
fructan contents (Verspreet et al. 2015). However, wheat is considered at the top due to its 
high consumption and therefore more contribution of total fructan content in diet com-
pared to other cereals. In our study, the range of fructan contents observed in Australian 
wheat varieties are in line with the findings of (Andersson et al. 2013; Gélinas et al. 2016; 
Huynh et al. 2008; Verspreet et al. 2012; Ziegler et al. 2016) who reported fructan con-
centration from 0.7 to 2.9g/100 g of dry mass in bread and durum wheat.

The significant difference observed in grain fructan contents of the two growing sea-
sons may be related to the moderate dry year observed in 2015 with lower than the aver-
age rainfall (587.3 mm) resulting in moisture stress condition. The 2016 growing season 
was cooler with a higher rainfall (827.3 mm) which resulted in higher fructan contents. 
The results reported here are in agreement with the findings of Huynh et al. (2008b) who 
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also observed significant changes in wheat grain fructan contents grown over two con-
secutive years (2005, 2006) and also suggested that moisture stress was a possible factor 
in determining fructan contents. However, Ziegler et al. (2016), Brandolini et al. (2011) 
who investigated the effect of environment and location on total fructan contents in wheat 
grain observed no significant changes. Huynh et al. (2008a) reported lower fructan con-
tents in wheat grown in glasshouse (0.7–1.6%) compared to the one grown under field 
conditions (1.5–2.3%). In this study, it was suggested that low light intensity along with 
an ample supply of nutrients and water in the glasshouse which favoured the vegetative 
growth of the plants resulted in lower levels of grain fructans.

At the same time, the genotypic variation and moderate to high heritability of fructans 
in wheat opens perspectives for increasing kernel fructan concentration by gene regula-
tion. Similar observations have been made in several other studies with some reporting 
the heritability of fructan contents in wheat as 0.64–0.94 (Huynh et al. 2008b; Huynh et 
al. 2008a; Ziegler et al. 2016). When selecting candidate lines for breeding programs to 
either increase or reduce fructan contents, not only the existence of high or low fructan 
content but also the consistency of these levels over different cultivation seasons should 
be considered. Wheat varieties with consistently very high and low fructan concentration 
have been identified in our study suggesting that these varieties could be bred for desir-
able fructan content. 

Industry and consumers demands are driving a need to develop grain varieties which 
are not only more productive but also produce grains that can be utilized as a source mate-
rial for healthy foods (Békés 2012a; Békés 2012b). As a consequence, the relative impor-
tance of compounds with health benefits such as fructans, has considerably increased in 
recent years (Shewry and Hey 2015). Hence, the importance of understanding the genetic 
and environmental factors that control the abundance of health-related compounds is in-
creasing.

Based on the results presented here, breeding targets employed in Australia over the 
past 150 years have not appeared to have had an impact on fructan levels in the released 
varieties. Although varieties with relatively high (Batavia, Ega-gregory and Tincurrin) 
and low (Suntop, Calingiri and Kite) fructan contents have been identified. This suggests 
that selecting for higher yielding varieties with adequate bread-making quality does not 
favour higher or lower fructan levels. Based on this assumption, the possibility may exist 
to develop varieties with higher or lower fructan levels without compromising yield. This 
provides the opportunity to employ marker assisted breeding using the quantitative trait 
loci (QTLs) affecting grain fructan concentration in wheat identified by Huynh et al. 
(2008b) as a tool to develop premium wheat varieties with specific fructan levels. 
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