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Changes of the Content of Water-soluble 
Bioactive Compounds during the Malting Process 
of Spelt Wheat (Triticum aestivum var. spelta)
Spelt wheat (Triticum aestivum var. spelta), a hexaploid variety of the genus Triticum is a cereal closely related to common 
wheat (Triticum aestivum). The major non-starchy carbohydrates in spelt wheat are arabinoxylans and fructans. Further-
more spelt wheat is known to contain relatively high levels of thiamine and ribofl avin, two vitamins from the B-group. In 
this work the infl uence of a standard malting process on the content of these four bioactive compounds was studied. The 
amount of water-extractable arabinoxylan increased signifi cantly during the malting process, as well as the water-extrac-
table ribofl avin content. The fructan concentration in the analysed samples showed a slight increase and thiamine levels 
staid stable.

Descriptors: spelt wheat, Arabinoxylan, malting, Thiamine, Ribofl avin, Fructan, dietary fi bre

1 Introduction

Nowadays the worldwide nutrition is mainly based on only three 
cereals, wheat, rice and corn; they contribute over 75 % to the 
worlds starch production. At the same time diseases caused by 
wrong or unbalanced diet are becoming problematic in western 
countries. In this regard the enrichment or conservation of bio-
active compounds in the malting process with the objective to 
provide their benefi cial health effects to the consumer is a very 
important fi eld.

Spelt (Triticum aestivum var. spelta), a hexaploid sub-species of 
common wheat [1], is an ancient bread cereal that is still grown 
in Europe and some other regions of the northern hemisphere [2]. 
The use of spelt in cooking and baking has been a tradition in 
Europe, particularly in parts of Germany, Switzerland and South 
Tyrol where it was widely used in many grain based foods [3]. 
The spelt wheat grain is a covered kernel cereal, the glumes are 
harvested with the kernel [2] and has to be peeled prior to further 
processing in the malting or food industry. Spelt wheat demonstrates 
a higher resistance to environmental factors like poorly drained, 
low-fertility soils than common wheat and can be cultivated in 
harsh ecological conditions, without the use of pesticides [4]. A fact 
which makes spelt wheat suitable for organic farming. During the 

20th century the acreage of spelt wheat was continuously dropping. 
Due to a growing number of food intolerances against wheat, 
apart from celiac disease, spelt wheat is now being rediscovered 
in Europe and North America [5]. Formerly it has been suggested 
that spelt wheat may not trigger the gluten-intolerance reaction 
in patients suffering from celiac disease because it might lack 
gluten but several studies negated this suggestion [3] [6] [7] [8] 
[9]. Previous studies indicated that spelt wheat is higher in vitamin 
and mineral content than common wheat used for bread making 
[3]. The average protein content of spelt wheats has shown to be 
signifi cantly higher than that of common wheats [6] [4].

The malting of spelt wheat especially for baking purposes has 
gained in importance in the last years in Germany. Additionally 
there has also been a developing market for beer made of spelt 
wheat. Consequently the relevance of malted spelt as a raw material 
for the food and beverage production is growing.

Arabinoxylans are a part of the natural occurring dietary fi bres in 
the plant kingdom. The chemical structure of arabinoxylan is based 
on a chain of linear β(1-4)-D-xylopyranose units, which can be 
substituted with α-L-arabinofuranose in the O-2 or the O-3 position 
or both [10]. Arabinoxylans in the cell wall are partly cross-linked 
by diferulic acid bridges and possibly other condensation products 
of ferulic acid [11], which may complicate their solubilisation. 
The content of water-extractable arabinoxylan (WEAX) increases 
during the germination in the malting process, as the cell walls are 
being degraded [12]. The solubility of arabinoxylan also increases 
with a higher degree of arabinose substitution. 

Among plant carbohydrates, arabinoxylans are non-digestible 
ingredients, which are not degraded or absorbed in the stomach or 
in the small intestine and reach the colon intact [13]. There they 
are fermented to a large extend, especially the water-extractable 
part, by the large bowel microfl ora to lactic acid and short chain 
fatty acids (SCFA). These can be absorbed and metabolised by the 
host. Associated with this is the prebiotic effect of soluble dietary 
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fi ber, which has been shown to result in enhanced concentrations 
of probiotics such as Lactobacilii and Bifi dobacteria in the colon 
lumen [14]. SCFA like propionate, butyrate or lactate are the end-
products of probiotic carbohydrate fermentation. They are used 
as an energy source by the colonic epithelial cells [15], as well 
as they have a benefi cial effect on human liver cells. Especially 
butyrate is an important factor in maintaining normal functions 
in colonocytes and a protective agent against colon cancer [16]. 
By decreasing the pH of the colon contents SCFA also prevent 
the growth of pathogenic bacteria [15]. The lower pH in the colon 
in combination with the SCFA signifi cantly increases the mineral 
absorption, especially of calcium and magnesium from the gut. 
The calcium absorption decreases when people are aging. So the 
relative increase in absorption induced by soluble dietary fi ber 
gets more important for elder population groups [17]. This 
is of course of even more interest for people suffering from 
osteoporosis.

Fructans are β-D-linked polymers of fructose. Approximately 
15 % of higher plants store fructans [18]. Fructans can be stored 
in plants in high concentrations as an alternative to starch. The 
substrate of fructan biosynthesis is sucrose. Chemically cereal 
fructans are a linear carbohydrate material consisting mainly, if 
not exclusively, of β(2-1)-fructosyl-fructose linkages. A starting 
α-D-glucose moiety is mostly present but not necessary [17]. 
Plant fructans generally show a degree of polymerisation (DP) 
less than 50, although some have been shown to exceed 200 [19]. 
Fructans are divided into inulin, fructooligosaccharides (FOS) and 
neosugars. Long-chained polymers with a DP greater than 30 are 
referred to as inulin. FOS have a DP of up to 10, and FOS with a 
DP of 3–5 are called neosugars [20]. These oligosaccharides are 
food products with interesting nutritional properties. The extent 
of resistance to enzymatic reactions occurring in the upper part 
of the gastrointestinal tract allows fructans to become colonic 
nutrients, as some bacterial species express specifi c hydrolases 
and are able to convert these sugars into short-chain fatty acids 
and/or gases by fermenting them [21].

Thiamine and ribofl avin are two vitamins of the B-group. Thiamine 
or vitamin B1 is an essential coenzyme in the carbohydrate meta-
bolism. It is a constituent of all living cells and acts as a cofactor 
for many other key enzymes as well [22]. Insuffi cient supply may 
lead to interferences in the citric acid cycle, glycolysis and pentose 
phosphate cycle for example [23]. The recommended daily uptake 
is 1.0–1.3 mg for adults. Ribofl avin or vitamin B2 is an essential 
coenzyme in the protein metabolism. The recommended daily 
uptake for adults is 1.2–1.6 mg. The most important sources for 
vitamin B1 and B2 in the human nutrition are vegetables, legumes 
and whole-grain products [24].

The aim of this work was to study the changes of these bioactive 
compounds in the malting process with the objective to provide 
their health-benefi cial attributes to consumers. The results of this 
study will give useful information for optimising their content 
in spelt wheat through malting. The focus of this work was the 
water-soluble amount arabinoxylan, ribofl avin, thiamine and 
fructan in malted spelt wheat. These compounds could be found 
in wort and any beverages derived from it and thus contribute to 
the nutrition.

2  Materials and Methods

2.1 Samples

The spelt wheat sample has been obtained from a commercial 
organic farmer in Nördlingen, Germany harvested in 2007. The 
protein content of the used spelt wheat sample was 13.5 % (N x 
6,25) dry mater, water content was 9.5 % and the germination 
energy was 96 %.

2.2 Malting

Malting was done in a pilot scale malting facility. The degree of 
steeping was 45 %, the germination temperature 15 °C and the 
germination time was 7 days.

Withering was done at 50 °C for 14 hours and kilning one hour 
at 60 °C, one hour at 70 °C and one hour at 80 °C.

Samples were taken each day after steeping during the malting 
process, freeze dried, milled and stored at –18 °C until the ana-
lyses were done.

2.3 Carbohydrate Analysis

The separation of the carbohydrates Arabinose (Roth, Germany), 
fructose, glucose and xylose (Sigma-Aldrich, Germany) was done 
on a high-performance anion-exchange chromatography system 
with pulsed amperometric detection (HPAEC/PAD) from Dionex. 
The analysed samples were injected using an AS 50 autosampler, 
the pump system used was a GP 40 Pump. Separation of mono-
saccharides was done using a CarboPac 10 analytical column and 
detection by an ED 50 detector, all from Dionex.

Eluent A was 250 mM NaOH (Baker, Germany) and eluent B was 
water. The fl ow-rate was 0.25 ml/min and the injection volume 
2.5 µl. Monosaccharides were separated by isocratic elution 
(20 min, 5 % A). Adjacent polysaccharides and starch was re-
moved from the column (35 min, 80 % A). The column was re-
equilibrated subsequently (20 min, 5 % A). The potential during 
the detection of the monosaccharides was programmed from 
+0.1 (t = 0–0.4 s) to –2 (t = 0.41–0.42 s) to 0.6 (t = 0.43–0.44 s)
and fi nally –0.1 (t = 0.44–0.5 s). Integration of the resulting signal 
was done from t = 0.2–0.4 s

2.4 Determination of total (AX) and water-extractable   
(WEAX) arabinoxylan

The analysis of AX and WEAX have been carried out similar to 
the method presented by Houben et al [25], with slight modifi ca-
tions. Due to a better separation of the monosaccharides glucose 
and xylose by the CarboPack 10 column, the treatment with glu-
coseoxidase was not necessary in the modifi ed method. For the 
determination of the total AX content the samples were milled in 
a laboratory hammer mill (Laboratory Mill 3100, Danfoss). Then 
0.1 g of the sample was dispersed in 4.0 mL of distilled water 
and 4.0 mL of 4 M HCl and hydrolysed for 60 minutes in boiling 
water in a normal laboratory screw-cap test tube. The samples 
were cooled to room temperature and 4.0 mL of 4.0 M NaOH was 
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added to neutralise the samples. Subsequently the concentration 
of monosaccharides was measured by HPAEC/PAD.

The amount of water-extractable arabinoxylan was determined by 
adding 1.5 mL of water to 0.1 g of milled sample. After stirring 
at 65° C for approximately 60 minutes and subsequent centrifu-
gation, 1.0 mL of the supernatant was removed, hydrolysed and 
neutralised as described above.

Prior to analysis by HPAEC/PAD the chloride ions were removed 
using OnGuard II Ag cartridges from Dionex. The contents of 
AX and WEAX were calculated as the sum of the pentose sugars 
arabinose and xylose multiplied by 0.88 to correct for anhydro 
monosaccharides [25]. All analysis were carried out in duplicate. 
The coeffi cient of variation was less than 2 %.

2.5 Determination of fructan

The analysis of the fructan content of the samples was done 
according to the AOAC Method 999.03 with the modifi cations 
presented by Andersen et al. [26] and with some further slight 
modifi cations. For the extraction of fructan 0.1 g fi nely ground 
grist of each sample were mixed with 1.5 mL of water and stirred 
at 80 °C for about 60 minutes. Following centrifugation the amount 
of monosaccharides was measured.

In the enzymatic step 0.1 mL of Inulinase (EC 3.2.1.7, Novo-
zymes, Denmark) was added to 0.2 mL of the supernatant and 
stirred at 37 °C for 60 minutes. Subsequently the resulting mo-
nosaccharides were measured.

The amount of fructan in the sample was calculated by subtrac-
ting the amount of fructose and the calculated amount of fructose 
formerly bound in sucrose measured before the enzymatic treat-
ment from the total fructose analysed after the enzymatic step. 
In this study the possibly present fi nal glucose moieties were not 
taken into account because fructans were calculated as dietary 
fi bre and the fi nal glucose lacks prebiotic properties. All analysis 
were carried out in duplicate. The coeffi cient of variation was 
less than 2 %.

2.6 Determination of thiamine and ribofl avin

The determination of thiamine and ribofl avin was done using the 
whole-blood test kits from Chromsystems (Germany). These kits 
proved to be suitable for beer, wort and aqueous extracts from 
malt because no interference with other substances occurred 
during the analysis.

The chromatographic separation of the samples was done on an 
Agilent 1100 system equipped with Chemstation software.

Thiamine and Ribofl avin for the calibration of the system were 
obtained from Sigma-Aldrich (Germany).

For the vitamin extraction from the samples, 100 mg of fi nely 
ground spelt grist were weighed accurately into Eppendorf vials, 
extracted with 1.5 ml water at 45 °C for 1 hour, centrifuged and 
analysed following the instructions for the whole blood analysis. 

All analysis were carried out in duplicate. The coeffi cient of va-
riation was less than 4 % for both methods.

3. Results and discussion

3.1 Arabinoxylan

The total arabinoxylan content of the spelt wheat used in this stu-
dy was 10.05 % in the raw material. During the malting process 
only a slight increase up to 10.24 % could be observed. As the 
embryo is not producing arabinoxylans during germination but 
breaking down the cell wall constituents and catabolising the non-
starchy cell wall polysaccharides and considering the variation 
coeffi cient, this slight increase is of no statistical signifi cance. 
Water-extractable arabinoxylan in the unmalted grains was 0.51 %
dry mater or 5.1 % of the total arabinoxylan content. During mal-
ting the water-extractable arabinoxylan content increased up to 
1.01 % of the total kernel weight equivalent to 9.7 % of the total 
arabinoxylans. The results for each day of the malting process 
are shown in Table 1.

In comparison to wheat the percentage of water-extractable ara-
binoxylan in the spelt-wheat kernel and malt was relatively low 
although the increase of about 100 % during the malting process 
is similar to the increase observed in wheat and rye [12].

3.2 Fructan

The fructan content in the spelt wheat grains prior to the malting 
process was 1.11 %. During the germination the fructan content de-
creased at the beginning of the pregermination phase and increased 
again in the following days. The amount of fructan in the kilned 
malt reached 1.75 % or 140 % of the original value. The fructan 
content increased 40 % during the malting process. The results for 
each day of the malting process are shown in Table 2.

A possible explanation for this development could be the fact 
that plants store fructans as a reserve carbohydrate which helps 
them during cold and harsh weather conditions. For example a 
high fructan content in plant storage carbohydrates is associated 
with better freezing tolerance [27]. In the pregermination phase 
the embryo could use the easily accessible fructans and possibly 
rebuild them later when the energy supply is kept up by hydro-
lysed starch.

3.3 Thiamine

The development of the thiamine concentration during the mal-
ting process is shown in Table 3. The concentration of thiamine 
after kilning is 395 µg/100 g and thus 16 % lower than the con-
centration in the unmalted grains. The thiamine content in spelt 
wheat found in this study was 470 µg/100 g and is comparable to 
previously measured values which varied from 330 µg/100g to 
520 µg/100g [3] [28] [5]. The losses during the malting process 
might be caused by the essential role of thiamine in the energy 
metabolism of carbohydrates. Thiamine seems to be used by the 
embryo during growth. Previous studies obtained similar results 
for beans, lentils and peas [29].
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3.4 Ribofl avin

The Ribofl avin concentration in the unmalted spelt wheat was 
signifi cantly lower than those previously reported [3] [28] [5]. The 
development of the B2 content in the kernels during the malting 
process is shown in table 3. The amount of ribofl avin measured after 
kilning was 340 % of the original measured vitamin content. The 
concentrations augmented from the beginning of the germination. 
In contrast to the human metabolism plants apparently do not need 
ribofl avin during their respiration and carbohydrate metabolism 
or to build up signifi cant levels during respiration. During the 
germination of rapeseed, beans, lentils and peas an increase of 
the ribofl avin levels was reported earlier [29] [30].

4 Conclusion 

This work shows that malting may be an effective way to enrich 
and preserve water-soluble bioactive compounds in spelt wheat. 
During malting of spelt wheat the amount of fructan increased 
by 40 %, the water-extractable arabinoxylans by 100 % and the 
ribofl avin content by 240 %. In this study only the level of thia-
mine decreased by 16 %. Through optimised malting conditions it 
might even be possible to obtain better results for the enrichment 
of these and possibly other health benefi cial natural substances. The 
resulting malts can be used as raw materials for several purposes in 
the food and beverage industry as for example for the production 
of beer, bread, breakfast cereals and many more.
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Table 3 Thiamine and ribofl avin during the malting of spelt 
 wheat

Sample Thiamine Ribofl avin 
 [µg/100 g DM] [µg/100 g DM]
Unmalted spelt wheat 419.7 45.9
3rd day 465.5 63.7
4th day 464.0 89.7
5th day 448.0 110.8
6th day 445.4 126.8
Malt 395.2 152.2

Appendix

Table 1 Arabinoxylans during the malting of spelt wheat

Sample Arabinoxylan [% DM] WEAX [% DM]
Unmalted spelt wheat 10.05 0.51
3rd day 10.24 0.66
4th day 10.00 0.75
5th day 10.14 0.92
6th day 10.39 1.01
Malt 10.24 1.01

Table 2 Fructan during the malting of spelt wheat

Sample Fructan [% DM]
Unmalted spelt wheat 1.11
3rd day 0.99
4th day 1.22
5th day 1.31
6th day 1.75
Malt 1.84


