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ABSTRACT

Arabinoxylans (AX) and p-glucans are the major source of soluble dietary fibre in cereals
and have a significant role as functional/bioactive ingredients implicated in lowering
plasma cholesterol, postprandial blood glucose and improving lipid metabolism. In this
work, the variation in the content and solubility of AX and B-glucans in different cereal
species and varieties were studied. Different methods (phloroglucinol, orcinol-HC],
HPAEC-PAD) for AX analysis were tested. The results confirmed the variability in
contents of both polymers (AX and f-glucans) in cereal species and varieties as well as
providing additional information useful for their characterization.
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1. INTRODUCTION

The most common source of dietary fibre are the outer layers and the endosperm cell walls
of cereal grains (wheat, barley, oat, rye etc.). The non-starch polysaccharides (NSP) found
in mature cereal grain include the arabinoxylans (AX), which make up the pentosan

portion of the insoluble fibre fraction and the p-glucans which are major components of
starchy endosperm and aleurone cell walls.

AX have been identified in a variety of tissues of major cereals: wheat, rye, barley, oats,
rice, sorghum (FINCHER and STONE, 1986). Although these polysaccharides are minor
components of the whole caryopsis, they still account for a substantial fraction of the cell
walls and thus constitute a major portion of the dietary fibre of wheat flours (SKENDI et
al., 2011). Wheat varieties differ in AX amount and properties (MASLEN et al., 2007) such
as average molecular weight and distribution, branching pattern, extractability with water
(FINNIE et al., 2006) and interaction with other cell wall components such as lignin or
cellulose (REVANAPPA et al., 2007).

AX consist mainly of a xylan chain with -1,4-linked D-xylopyranosyl residues (Xyl) to
which mostly single a-L-arabinofuranose units (Ara) are linked at the O-2 and/or O-3
positions of the xylose units as side residues (IZYDORCZYK and BILIADERIS, 1995). In
wheat AX, approximately 66% of the xylose residues, that form the backbone chain, are
unsubstituted Xyl (SAULNIER et al., 2007b). Moreover, some Ara units carry ferulic acid
residues esterified to O-5 of Ara linked to O-3 of the xylose residues (SOSULSKI et al.,
1982). Extractable AX and unextractable AX structures are similar, showing only slightly
differences in molecular weight and in the Ara/Xyl ratio (IZYDORCZYK and
BILIADERIS, 1995).

AX represent the major polysaccharides in the aleurone fraction (65%) of the wheat
caryopsis, and the arabinose to xylose ratio decreases from the pericarp to the endosperm;
furthermore AX from the aleurone layer as well as AX from starchy endosperm have a
lesser degree of branching than acidic AX from pericarp/testa, which may improve their
solubility and their digestibility (BROUNS et al., 2012; SAULNIER et al., 2007a).

B-glucans are linear polymers of high molecular weight consisting of D-glucose molecules
linked by p-(1-4) and B-(1-3) linkages; the presence of P-linkages (1-3) gives to the
molecule an irregular shape that makes the p-glucans flexible and partially soluble in

water (PAPAGEORGIOU et al., 2005; SHELAT et al., 2011).

From a nutritional point of view, as major non-starch polysaccharides of various cereals
and main constituents of cell walls of wheat, rye, barley and oat, p-glucans and soluble AX
have nutritional benefits in humans (WARD et al., 2008). The positive effects of AX are
related to the ability to reduce postprandial blood glucose levels (GARCIA et al., 2007; LU
et al., 2000), lowering levels of potentially toxic ammonia in the colon and the ability to
reduce levels of triglycerides in the blood (GARCIA et al., 2006). Over the last two decades
B-glucans have been considered as bioactive ingredients due to their capacity in lowering
plasma cholesterol, improving lipid metabolism, and reducing the glycaemic index
(MAKELAINEN et al., 2007; WOOD, 2007). These positive effects increased the popularity
and consumption of cereal-based foods as well as of many other foods fortified with cell
wall-enriched grain fractions, B-glucan concentrates and isolates (LAZARIDOU and
BILIADERIS, 2007).

Furthermore, the Commission Regulation (EU) No 432/2012 of 16 May 2012 (Official

Journal of the European Union 25-05-2012) included arabinoxilans and p-glucans in the list
of authorized health claims.

In this study, the content of AX and B-glucans in several cereal wholemeal flours was
determined using different techniques, whose efficacy was compared.
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2. MATERIALS AND METHODS
2.1. Samples

- Five barley varieties, Acquarelle, Braemar, Kelibia, Naturel, USA 2 (waxy variety),
were provided by Agroalimentare Sud S.p.A. (Melfi, Potenza, Italy).

- Five spelt varieties, Ebners Rotkorn, Hercule, Oberkulmer, Redoute, Triventina,
were provided by Agenzia Regionale per lo Sviluppo Agricolo, Rurale e della Pesca
(ARSARP, Campobasso, Italy).

- Five emmer varieties, Molise, Angelo, Garfagnana, Molise Colli, Guardiaregia, were
provided by ARSARP (Campobasso, Italy).

- Two durum wheat varieties, Cappelli, Saragolla, were provided by ARSARP
(Campobasso, Italy).

- Three soft wheat varieties, Roscetta, Solina 1, Bianchetta, were provided by
ARSARP (Campobasso, Italy).

Samples were milled in a refrigerated laboratory mill IKA A 10 Labortechnic (Tanke &
Kunkel, Gmbh & Co., Staufe, Germany) and stored in aliquots of 100 g at 4°C in a closed
containers until analysis.

Data reported for all parameters are the average values of three different aliquots of each

sample. All results are expressed as % dry weight (d.w.). Moisture content was
determined according to ICC method 109/1 (ICC, 1995).

2.2. Reagents

NaOH 50% (p/v) was purchased from Baker (Mallinckrodt Baker B.V. Deventer,
Holland), high-purity laboratory water was produced by means of a MilliQ-Plus
apparatus (Millipore S.p.A., Milano, Italy); glucose, xylose, arabinose, fructose, standards
were from Sigma Chemical Co. (St. Louis, MO, USA); all other chemicals and reagents of
HPLC grade were purchased from Sigma Chemical Co. (St. Louis, MO, USA).

2.3. AX analysis by phloroglucinol method

Total AX analysis was performed as reported by DOUGLAS (1981). Flour (5.0 mg) was
added to 2 mL of water followed by 10 mL of a solution of glacial acetic acid, hydrochloric
acid and phloroglucinol in a stoppered tube. The tube was placed in a boiling water bath
for 25 min and the absorbance of the resulting solution measured at 552 nm and 510 nm.

2.4. AX analysis by orcinol-HCI method

Water soluble AX and total AX analysis by orcinol-HCl method was performed as
reported by HASHIMOTO et al. (1987).

Water soluble AX: 100 mg of flour sample were shaken in water at 30°C for 2 h and
centrifuged. Aliquots of the supernatant were hydrolyzed with 4N HCl at 100°C. The AX
content was estimated, after treatment in boiling water bath with FeCl, and orcinol and by
reading the absorbance at 670 nm.

Total AX: flour (10 mg) was weighed into a glass tube, where 2 mL of 2N HCI was added,
and the mixture was hydrolyzed at 100°C for 150 min. After cooling, neutralization was
carried out by adding 2N sodium carbonate and fermentable sugars were removed by
means of fresh compressed yeast. The mixture was then centrifuged and an aliquot of the
supernatant was treated with FeCl, and orcinol in boiling water bath; the absorbance was
read at 670 nm.
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2.5. AX analysis by HPAEC-PAD

Determination of arabinoxylans was performed as reported by MESSIA et al. (2016).
Briefly, for water soluble AX: 100 mg of a flour sample were shaken in 10 mL of water at
30°C for 2 hours and centrifuged. Aliquots (1 mL) of the supernatant were hydrolyzed
with 1 mL of 4N HCI for 2 hours. For total AX, flour sample (10 mg) was weighed into a
glass tube, 2 mL of 2N HCI were added, and the mixture was hydrolyzed at 100°C for 150
min. After cooling, neutralization was carried out by the addition of 2N sodium carbonate.
Diluted samples were injected in a chromatographic system equipped with a Rheodyne
injector (Cotati, CA, USA) with a 25 uL loop. The chromatographic separation was carried
out with a Carbopac PA1 (250x2 mm) (Dionex Corporation, Sunnyvale, CA, USA)
analytical column. The chromatographic run (22 min) and the quantitative determination
were conducted with a 0.25 mL/min flow rate, using a mobile phase of water and 200 mM
sodium hydroxide (90%-10%). The control of the instrument, the data collection and the
total quantification were carried out by the chromatographic software Chromeleon
(Dionex). An HPAEC-PAD Dionex system (Dionex Corporation, Sunnyvale, CA, USA)
composed of a gradient pump (mod GP50) with an on-line degaser and electrochemical
detector (model ED40) was used. The flow-through electrochemical cell (Dionex) consisted
of a 1 mm diameter Gold Working Electrode, a pH reference electrode, and a titanium
body of the cell as the counter electrode. The optimized time-potential waveform used
was: 0.1 V at0-0.40s,-2.00 V at 0.41-0.42s,0.60 V at 0.43 s, -0.10 V at 0.44-0.50 s.

Total and soluble AX were quantified on the basis of the Ara and Xyl content in the
hydrolyzed sample: ([Ara] + [Xyl] x D x 0.88), where: D = dilution factor; 0.88 =adjustment
for free sugar to anhydrous sugar.

2.6. B-glucans analysis

Total p-glucans were determined using the K-BGLU assay kit (Megazyme International
Ltd., Ireland). Insoluble fractions were determined after extraction of soluble p-glucans
w1th water for 2 h at 38°C (AMAN and GRAHAM, 1987). Soluble B-glucans were
calculated as the difference between the total and insoluble components.

2.7. Statistical analysis

All analyses were carried out in triplicate. Results were expressed as meanstStandard
Deviation (SD).

A one-way analysis of variance (ANOVA) was performed, considering species, variety or
analytical method as factor. When significant differences (p < 0.05) were detected, Fisher's
least significant difference (LSD) was computed. All the statistical tests were performed
using the software IBM SPSS statistics 23.

3. RESULTS
3.1. AX analysis and quantification
A comparison between three different analytical methods (HPAEC-PAD and colorimetric

methods) was carried out in order to devise a practical system for screening of different
varieties of grains such as barley, wheat, spelt and emmer (Table 1).
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Table 1. Total and soluble AX content in different cereal wholemeals determined by three different methods
(g/100g d.w.£SD).

HPAEC-PAD
Phloroglucinol Orcinol-HCI
Sample Total Soluble Soluble
Total AX Total Ax  Soluble L lAX AX Soluble AX AX AXI
AX u Total AX
Barley
Acquarelle 4.92+0.05° 6.42+0.06° 0.09+0.03° 6.18+0.03° 0.85 0.08+0.02° 0.65 0.013
Braemar 4.30+0.04° 5.94+0.05° 0.06+0.06° 5.21+0.07° 0.75 0.07+0.03° 0.60 0.013
Kelibia 5.08+0.06° 7.30+0.08° 0.08+0.04° 6.87+0.05° 0.73 0.10+0.03° 0.66 0.015
Naturel 4.85+0.03° 7.01+0.03° 0.08+0.06° 6.76+0.04° 0.72 0.09+0.04° 0.62 0.013
USA 2 6.17+0.08% 9.75+0.04% 0.11+0.05° 8.96+0.03° 0.47 0.12+0.05 0.71 0.013
mean 5.06" 7.28% 0.08" 6.80% 0.70 0.09"- 0.65  0.013
Wheat
Cappelli* 5.10+0.04° 8.78+0.057  0.09+0.02° 8.21+0.04° 0.78 0.10+0.03° 1.25 0.012
Saragolla* 5.18+0.03% 8.17+0.04° 0.09+0.03° 7.90+0.02° 0.80 0.10+0.06° 0.80 0.013
Roscetta** 5.49+0.05% 8.76+0.057 0.11+0.03° 8.16+0.10° 0.66 0.12+0.03% 0.71 0.015
Solina 1** 5.15+0.04%° 8.54+0.07° 0.10+0.04° 7.97+0.04° 0.71  0.1220.04° 0.71 0.015
Bianchetta** 5.23+0.06" 8.32+0.04° 0.11:0.03* 7.98+0.03° 074 0.13+0.05% 0.71 0.016
mean 5.23°% 8.51% 0.10%- 8.04% 0.74 0.11% 0.84 0.014
Spelt
Ebners b b a a a
Rotkorn 4.18+0.05 5.57+0.04° 0.14+0.04° 5.41+0.05° 0.66 0.11+0.02 0.77 0.020
Hercule 4.29+0.06% 5.97+0.057 0.14+0.03° 5.34+0.07° 0.68 0.12+0.02% 0.85 0.022
Oberkulmer 3.99+0.04° 5.18+0.06° 0.12+0.03° 4.75+0.05° 0.64 0.12+0.04° 0.95 0.025
Redouté 3.89+0.07° 5.13+0.05° 0.14:0.03* 4.60+0.06° 0.61 0.100.02°® 0.80 0.022
Triventina 4.20+0.04° 5.63+0.10° 0.11+0.02°® 5.0320.03° 0.65 0.11x0.03° 0.78 0.022
mean 4.11% 5.50% 0.13% 5.03% 0.65 0.11% 0.83  0.022
Emmer
Molise 3.65+0.04° 6.48+0.04° 0.23+0.04° 5.89+0.04° 0.67 0.18+0.05° 1.04 0.031
Angelo 3.76+0.03° 5.26+0.06° 0.11+0.05° 5.03+0.05° 0.70 0.10£0.06° 1.16  0.020
Garfagnana 4.1210.097 5.63+0.03° 0.11:0.03° 5.29+0.03° 0.62 0.11x0.05° 1.00 0.021
Molise Colli 4.060.05% 5.31+0.05° 0.09:0.05° 4.90+0.08° 058 0.07+0.04° 1.10 0.014
Guardiaregia 3.60+0.06° 6.76+0.07° 0.12+0.04° 6.32:0.04° 0.69 0.08+0.05° 1.40 0.013
mean 3.84% 5.89% 0.13% 5.49" 0.65 0.11% 1.14 0.020

*durum wheat; **soft wheat

Different superscript letters (total AX=lower case, soluble AX=upper case) between species means within a
row indicate statistically significant differences at P< 0.05.

Different superscript letters between means (species=Greek font, variety=italic font) within a column
indicate statistically significant differences at P< 0.05.

The systematic quantification of AX in cereal wholemeal flours revealed substantial
differences between the colorimetric procedures. Although phloroglucinol and orcinol-
HCI procedures are both based on colorimetric assessments, for the measurement of total
AX, the phloroglucinol method provided values that were significantly lower than those
of the orcinol-HCl method. This underestimation of total AX can be attributed to the type
of extraction performed for the phloroglucinol assay, that leads to a relevant release of
hexoses from starch hydrolysis, which greatly exceeds pentoses, influencing their
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evaluation. In the orcinol-HCI method, the high glucose concentrations are removed by
the action of the yeast Saccharomyces cerevisiae, thus providing a better assessment of the
total AX; additionally the orcinol-HCI method allows to evaluate not only the total AX but
also the soluble AX, that cannot be quantified with the phloroglucinol method.

A significant advantage of the HPAEC-PAD method is to provide more detailed
information, as it offers the possibility to assess the content of individual sugars Ara and
Xyl, which are constituents of the AX chain, and it allows to calculate the ratio Ara/Xyl
(A/X), an important factor related to the behavior of the flour during technological
processes. HPAEC-PAD assessments also give a more accurate estimation of the sugars
present in the chain of AX without suffering problems caused by glucose interference, thus
providing a more accurate and precise quantitative analysis. Finally, the HPAEC-PAD can
be applied to matrices with high contents of AX (bran) as well as to refined flour (low AX
content).

To sum up, the assessment made using the phloroglucinol is not reliable, whereas the
values of total and soluble AX found in varieties of barley, wheat, spelt and emmer by
using of either the orcinol-HCl or HPAEC-PAD methods are similar and comparable to
the values of AX reported in the literature (BERGER and DUCROO, 2005, HENRY, 1987)
for these cereals.

GEBRUERS et al. (2008) have published data about the content of AX in refined flours and
in bran of wheat, spelt and einkorn showing a comparable value of total AX in the
different types of flour examined. Instead, the results obtained in this trial show a much
lower content of total AX in spelt an emmer (= 5.26%) compared to barley and wheat
(6.80% and 8.04% respectively). This is in spite of the fact that spelt and emmer are
phylogenetically close to wheat.

The data obtained also show a generally close relationship between AX content and cereal
varieties. Among barleys, USA2, a waxy (i.e. having a low amylose content) variety has
the highest content of B-glucans (9.5%) (Table 2) and of total AX (6.2%). The content of AX
in barley also depends on genetic and environmental factors (IZYDORCZYK and

DEXTER, 2008) but appears to be less variable than that of g-glucans.

The HPAEC-PAD method allows to compute the ratio A /X which indicates the degree of
branching in the polymer chain, thus permitting to deduce information about the AX
structure of different species and varieties. A high A/X ratio corresponds to a higher
proportion of mono-substituted xylosyl residues and a lower proportion of unsubstituted
xylosyl residues. The degree of substitution of xylan backbone is relevant for predicting
the cereal behavior when subjected to different technological processes. Emmer varieties
showed an A /X ratio of soluble AX (1.14), much higher than the ratios of barley (0.65),
wheat (0.84) and also spelt (0.83).

From a technological point of view, the quantification and the assessment of variations in
the overall AX content is relevant because AX is generally considered to have a significant
effect on wheat functionality and also to affect suitability of flours for certain applications
(GEBRUERS et al., 2008). Cereal varieties rich in AX, have a strong potential for the
production of healthy or even health promoting food products that contain not only a high
overall dietary fiber content but also increased levels of soluble dietary fiber as well as
prebiotic oligosaccharides which are produced by the in situ action of xylanases
(GEBRUERS et al., 2008).
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3.2. B-glucans analysis and quantification

Total, insoluble and soluble B-glucans were quantified in different cereals (barley, wheat,

spelt, emmer) flours (Table 2). Results showed a different B-glucans distribution in tested
species and between waxy and non waxy barley varieties.

Table 2. p-glucans content, AX+ B-glucans and AX/p-glucans in different cereal wholemeals (g/100g
d.w.+SD).

B-glucans
Sample -
P Total Insoluble Soluble Soluble/ AX+p AX/B-glucans
Insoluble glucans
Barley
Acquarelle 4.43+0.13° 1.50+0.01° 2.94 1.97 10.61 1.40
Braemar 3.89+0.11° 1.92+0.07° 1.97 1.03 9.07 1.34
Kelibia 4.17+0.07° 1.610.02° 2.57 1.60 11.04 1.65
Naturel 4.67+0.11° 1.81+0.04° 2.86 1.58 11.43 1.45
USA?2 9.49+0.09° 3.42+0.08° 6.08 1.78 18.45 0.94
mean 5.33% 2.05" 3.28 1.59 12.12 1.36
Wheat
Cappelli * 0.52+0.03° 0.41+0.03° 0.11 0.27 8.73 15.79
Saragolla * 0.42+0.02° 0.22+0.01° 0.20 0.93 8.32 18.81
Roscetta ** 0.60+0.05" 0.42+0.06° 0.19 0.45 8.76 13.60
Solina 1 ** 0.53+0.03° 0.37+0.03° 0.16 0.42 8.50 15.00
Bianchetta ** 0.79+0.01% 0.60+0.03% 0.19 0.31 8.77 10.10
mean 0.57° 0.40° 0.17 0.47 8.62 14.66
Spelt
Ebners Rotkorn ~ 0.68+0.02%®°  0.44+0.05% 0.24 0.55 6.09 7.96
Hercule 0.63+0.05" 0.42+ 0.04%° 0.21 0.50 5.97 8.48
Oberkulmer 0.70+0.02° 0.49+ 0.03% 0.21 0.43 5.45 6.78
Redoute 0.65+0.03% 0.47+0.03% 0.18 0.38 5.25 7.08
Triventina 0.57+0.02° 0.40+0.03° 0.17 0.43 5.60 8.82
mean 0.65° 0.44° 0.20 0.46 5.67 7.82
Emmer
Molise 0.48+0.03° 0.37+0.012 0.12 0.32 6.37 12.27
Angelo 0.41+0.02° 0.29+0.05° 0.12 0.42 5.44 12.27
Garfagnana 0.37+0.01° 0.28+0.03° 0.09 0.30 5.66 14.30
Molise Colli 0.53+0.02° 0.35+0.03 0.18 0.51 5.43 9.24
Guardiaregia 0.48+0.03" 0.30 +0.02"° 0.18 0.61 6.8 13.17
mean 0.45° 0.32° 0.14 0.43 5.94 12.25

*durum wheat; **soft wheat.
Different superscript letters between means (species=upper case, variety=lower case) within a column
indicate statistically significant differences at P< 0.05.

In barley, the variable p-glucans content can be influenced by genotype, culture practices
and environmental growing conditions (NEWMAN and McGUIRE,1985; Newman and
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Newman, 2008). The presence of waxy genes can influence polysaccharides biosynthesis
and their composition in the kernel. In the “normal” barley genotype, the starch is
composed of about 25% of amylose and 75% amylopectin while in the waxy genotypes the
starch is almost exclusively composed of amylopectin (95-100%). The reduced level of
starch is usually accompanied with an increased content of p-glucans in the cell walls of
the starchy endosperm (ANDERSSON et al., 2008). In fact, according to many research
reports (ABDEL-AAL et al., 2005, WOOD et al., 2003) a waxy barley variety (USA2)

showed a p-glucans content which was twofold that of non waxy varieties.

Comparing the data from different species (Table 2), it is evident that there is a significant
difference in the average content of total p-glucans among barley and wheat, spelt and
emmer (5.33% d.w. for barley, 0.57% d.w for wheat, 0.65% d.w. for spelt and 0.45% d.w.
for emmer), confirming the data reported in the literature by other authors (SKENDI et al.,
2003).

With regard to soluble B-glucans content, varieties of wheat, spelt and emmer are
characterized by very low levels of soluble p-glucans (average: 0.17%, 0.20% and 0.14%
d.w., respectively), probably related to a higher ratio of cellotriose/cellotetraose, which
generally amounts to 4.6 and 3.3 respectively in wheat and barley. Statistically, although
the distribution of cellotriose and cellotetraose units linked by £ (1-3) is random (WOOD et
al., 2003), the probability of a repetition of ordered cellotriose units is greater in wheat than
in barley and oats (CUI et al., 2000). Since the structure is more ordered and more inter
chain associations are favoured, the water solubility of -glucans derived from wheat is
lower than that of other cereals (LAZARIDOU and BILLIADERIS, 2007).

The soluble B-glucans content affects the soluble/insoluble ratio, which is greater in barley
(1.59) than in wheat, spelt and emmer (0.47, 0.46 and 0.43 respectively). Data on total
content of AX + p-glucans and their ratio (AX/p-glucans) (Table 2) showed significant
differences between the analyzed wholemeals. The high content of AX + B-glucans in
barley corresponded to a low AX/p-glucans ratio, which is further reduced in the waxy
barley variety USA 2 (0.94). While f-glucans are mainly present in barley, the AX are
distributed in all the analyzed species and varieties. The relevant presence of two
polymers in barley makes this cereal an excellent ingredient for the preparation of
products with an increased content of total and soluble dietary fiber, capable of enhancing
both the physiological effects and health benefits (VERARDO et al., 2011a; VERARDO et
al., 2011b; VITAGLIONE et al., 2010).

Moreover, B-glucans and AX are the chief structural constituents of cell wall in various
tissues of the barley grain. In the starchy endosperm of mature barley grain, the matrix-

phase AX and B-glucans may represent up to 85% of total cell wall polysaccharides. The

endosperm cell walls are mainly made up of B-glucans and contains a smaller amount of
AX, while aleurone cell walls are composed primarily of AX (67-71%), with smaller

amounts of p-glucans (26%). Various studies have been carried out as to the possibility of

producing barley flour enriched in p-glucans using air classification and dry milling
methods to produce an enriched flour that can be used for producing different cereal
products, such as bread, muffins, and pasta (MARCONI et al., 2000).

4. CONCLUSIONS

The present study revealed a wide variability in the content of AX and B-glucans in
wholemeal of different cereal species and varieties.
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Barley varieties showed a higher f-glucans and AX content compared to other cereal

species/ varieties. The assessment of the A /X ratio for AX and soluble/insoluble -glucans
ratio, which directly affect the behavior of cereal flours during transformation, are useful
for deciding the end use of grains and evaluating the nutritional quality of the analysed
grains.

The HPAEC-PAD method proved to be advantageous compared to colorimetric methods.
It allows to compute the ratio A /X which indicates the degree of branching in the polymer
chain, thus permitting to deduce information about the AX structure of different species
and varieties.

The quantification and the assessment of variations in the overall AX content is relevant
because AX is generally considered to have a significant effect on cereal flours
functionality and also to affect suitability of flours for certain applications.

Cereal varieties rich in AX and B-glucan, have a strong potential for the production of
healthy or even health promoting food products that contain not only a high overall
dietary fiber but also increased levels of soluble dietary fiber, that should meet the health
claims listed in the Commission Regulation (EU) No 432/2012.

ACKNOWLEDGEMENTS

We would like to thank Agroalimentare Sud S.p.A. (Melfi (PZ), Italy) and Agenzia Regionale per lo Sviluppo Agricolo,
Rurale e della Pesca (ARSARP), (Campobasso, Italy) for providing varieties of barley, wheat, spelt and emmer.

This research was supported by MIUR (Italian Ministry of Instruction, University and Scientific Research) as part of the
PRIN Project 2010 No. 2010ST3AMX_002.

REFERENCES

Abdel-Aal E.5.M. and Hucl P. 2005. Hulles barley for food and feed. In “Specialty grains for food and feed” E.S.M.
Abdel-Aal, and P. Hucl (Ed.), p.171. AACC, St. Paul, MN (USA).

Aman P. and Graham H. 1987. Analysis of total and insoluble mixed-linked (1-3), (1-4)-B-D-glucans in barley and oats. J.
Agr. Food Chem. 3:704.

Andersson A.AM., Lampi A.M., Nystrém L., Piironen, V., Li L., Ward J.L., Gebruers K., Courtin C.M., Delcour J.A.,
Boros D., Fra$ A., Dykowska W., Rakszegi M., Bed§ Z., Shewry P.R. and Aman P. 2008. Phytochemical and dietary fiber
components in barley varieties in the HEALTHGRAIN diversity screen. J. Agr. Food Chem. 56:9767.

Berger M. and Ducroo, P. 2005. Arabinoxilani e arabinoxilanasi nelle farine. Tecnica Molitoria, September, 907.

Brouns F., Hemery Y., Pricve R. and Anson N.M. 2012. Wheat aleurone: separation, composition, health aspects and
potential food use. Crit. Rev. Food Sci. Nutr. 52:553.

Cui W., Wood P.J., Blackwell B. and Nikiforuk J. 2000. Physicochemical properties and structural characterization by
two-dimensional NMR spectroscopy of wheat B-D-glucan comparison with other cereal p-glucans. Carbohydr. Polym.
41:249.

Douglas S.G. 1981. A rapid method for the determination of pentosans in wheat flour. Food Chem. 7:139.

Fincher G.B. and Stone B.A. 1986. Cell walls and their components in cereal grain technology. In: “Advances in cereal
science and technology”. Y. Pomeranz (Ed.), p. 207. American Association of Cereal Chemists Inc., St Paul.

Finnie S., Bettge A. and Morris, C. 2006. Influence of cultivar and environment on water soluble and water insoluble
arabinoxylans in soft wheat. Cereal Chem. 83:617.

Garcia A.L., Otto B., Reich S.C., Weickert M.O., Steiniger J., Machowetz A., Rudovich N.N., Mohling M., Katz N., Speth
M., Meuser F., Doerfer J., Zunft H.J.F., Pfeiffer A.H.F. and Koebnick C. 2007. Arabinoxylan consumption decreases
postprandial serum glucose, serum insulin and plasma total ghrelin response in subjects with impaired glucose
tolerance. Eur. J. Clin. Nutr. 61:334.

Ital. J. Food Sci., vol 29, 2017 - 120



Garcia A.L., Steiniger J., Reich S.C., Weickert M.O., Harsch 1., Machowetz A., Mohlig M., Spranger J., Rudovich N.N.,
Meuser F., Doerfer J., Katz N., Speth M., Zunft H.J.F., Pfeiffer, A.-H.F. and Koebnick C. 2006. Arabinoxylan fiber
consumption improved glucose metabolism, but did not affect serum adipokines in subjects with impaired glucose
tolerance. Horm. Metab. Res. 38:761.

Gebruers K., Dornez E., Boros D., Fras A., Dynkowska W., Bedo Z., Rakszegi M., Delcour J.A. and Courtin C.M. 2008.
Variation in the content of dietary fiber and components thereof in wheats in the HEALTHGRAIN diversity screen. J.
Agr. Food Chem. 56:9740.

Hashimoto S., Shogren M. and Pomeranz Y., 1987. Cereal pentosans: their estimation and significance. I. Pentosans in
wheat and milled wheat products. Cereal Chem. 64 (1):30.

Henry R.J. 1987. Pentosan and (1—3), (1—4)-p-glucan concentrations in endosperm and wholegrain of wheat, barley,
oats and rye. J. Cereal Sci. 6:253.

ICC. 1995. International Association for Cereal Science and Technology. ICC Standards, Method 104/1, Method109/1,
Method 129. ICC, Vienna.

Izydorczyk M.S. and Biliaderis C.G. 1995. Cereal arabinoxylans: advances in structure and physicochemical properties.
Carbohydr. Polym. 28:33.

Izydorczyk M.S. and Dexter J.E. 2008. Barley B-glucans and arabinoxylans: Molecular structure, physicochemical
properties, and uses in food products. A review. Food Res. Int. 41:850.

Lazaridou A. and Biliaderis C.G. 2007. Molecular aspects of cereal B-glucan functionality: physical properties,
technological applications and physiological effects. J. Cereal Sci. 46:101.

Lu ZX., Walker K.Z., Muir J.G., Mascara T. and O'Dea K. 2000. Arabinoxylan fiber, a by-product of wheat flour
processing, reduces the postprandial glucose response in normoglycemic subjects. Am. J. Clin. Nutr. 71:1123.

Mikeldinen H., Anttila H., Sihvonen J., Hietanen R.M., Tahvonen R., Salminen E., Mikola M. and Sontag-Strohm T. 2007.
The effect of B-glucan on the glycemic and insulin index. Eur. J. Clin. Nutr. 61:779.

Marconi E., Graziano M. and Cubadda R. 2000. Composition and utilization of barley pearling by-products for making
functional pastas riche in dietary fiber and p-glucans, Cereal Chem. 77:133.

Maslen S., Goubet F., Adam A., Dupree P. and Stephens E. 2007. Structure elucidation of arabinoxylan isomers by
normal phase HPLCMALDI TOF/ TOFMS/MS. Carbohyd. Res. 342:724.

Messia M.C., Reale A., Maiuro L., Candigliota T., Sorrentino E. and Marconi E. 2016. Effects of pre-fermented wheat bran
on dough and bread Characteristics. J. Cereal Sci. 69:138.

Newman R.K. and McGuire C.F. 1985. Nutritional quality of barley. In “Barley”. D. C .Rasmusson (Ed.), p. 403. American
Society of Agronomy, Madison, WL

Newman R.K. and Newman C.W. 2008. Barley for Food and Health: Science, Technology, and Products, p. 56. John
Wiley & Sons, Inc., Hoboken, New Jersey.

Papageorgeiou M., Lakhdara N., Lazaridou A., Biliaderis C.G. and Izydorczyk M.S. 2005. Water extractable (13, 1—4) —
[beta]-D-glucans from barley and oats: An intervarietal study on their structural features and rheological behavior. J.
Cereal Sci. 42:213.

Revanappa S.B., Bhagwat S.G. and Salimath P.V. 2007. Studies on pentosans in Indian wheat (Triticum aestivum)
varieties in relation to chapatti making quality. Food Chem. 104:896.

Saulnier L., Guillon F., Sado P.E. and Rouau X. 2007a. Plant cell wall polysaccharides in storage organs: xylans (food
applications). In “Comprehensive glycoscience”. J. Kamerling, G.J. Boons, Y. Lee, T.A. Suzuki, N. Taniguchi and A.G. J.
Voragen (Ed.), Vol. 2, p. 653, Oxford: Elsevier Science.

Saulnier L., Sado P.E., Branlard G., Charmet and G. and Guillon F. 2007b. Wheat arabinoxylans: exploiting variation in
amount and composition to develop enhanced varieties. J. Cereal Sci. 46:261.

Shelat K.J., Vilaplana F., Nicholson T.M., Gidley M.]. and Gilbert R.G. 2011. Diffusion and rheology characteristics of
barley mixed linkage B-glucan and possible implications for digestion. Carbohyd. Polym. 86:1732.

Skendi A., Biliaderis C.G., Izydorcyk M.S., Zervou M. and Zoumpoulakis P. 2011. Structural variation and rheological
properties of water-extractable arabinoxylans from six Greek wheat cultivars. Food Chem. 126:526-536.

Ital. J. Food Sci., vol 29, 2017 - 121



Skendi A., Biliaderis C.G., Lazaridou A. and Izydorczyk M.S. 2003. Structure and rheological properties of water soluble
[-glucans from oat cultivars of Avena sativa and Avena byzantine. J. Cereal Sci. 38:15.

Sosulski F., Krygier K. and Hogge L. 1982. Free esterified, and insoluble-bound phenolic-acids III. Composition of
phenolic acids in cereal and potato flours. J. Agr. Food Chem. 30(2):337.

Verardo V., Gomez-Caravaca A.M., Messia M.C., Marconi E. and Caboni M.F. 2011a. Development of functional
spaghetti enriched in bioactive compounds using barley coarse fraction obtained by air classification. J. Agr. Food Chem.
59:9127.

Verardo V., Riciputi Y., Messia M.C., Vallicelli M., Falasca L., Marconi E. and Caboni M.F. 2011b. Dietary fiber and
flavan-3-ols in shortbread biscuits enriched with barley flours co-products. Int. J. Food Sci. Nutr. 62(3):262.

Vitaglione P., Barone Lumaga R., Montagnese C., Messia M.C., Marconi E. and Scalfi L. 2010. Satiating Effect of a Barley
Beta-Glucan-Enriched Snack. J. Am. Coll. Nutr. 29(2):113.

Ward J.L, Poutanen K., Gebruers K, Piironen V., Lampi A.M., Nystrom L., Andersson A.A.M., Aman P., Boros D,
Rakszegi M., Bedo Z. and Shewry P.R. 2008. The HEALTHGRAIN cereal diversity screen: concept, results, and
prospects. J. Agr. Food Chem. 56(21):9699.

Wood P. 2007. Cereal p-glucans in diet and health. J. Cereal Sci. 46:230.

Wood P.J., Weisz J., Beer M.U., Newman C.W. and Newman R.K. 2003. Structure of (1,3)(1,4)-B-glucan in waxy and non-
waxy barley. Cereal Chem. 80(3):329.

Paper Received August 5, 2016 Accepted October 14, 2016

Ital. J. Food Sci., vol 29, 2017 - 122



