
Available online at www.sciencedirect.com
www.elsevier.com/locate/foodchem

Food Chemistry 108 (2008) 561–570

Food
Chemistry
Physicochemical properties of hull-less barley fibre-rich
fractions varying in particle size and their potential

as functional ingredients in two-layer flat bread

M.S. Izydorczyk *, T.L. Chornick, F.G. Paulley, N.M. Edwards, J.E. Dexter

Canadian Grain Commission, Grain Research Laboratory, 1404-303 Main Street, Winnipeg, MB, Canada R3C 3G8

Received 5 September 2007; received in revised form 6 November 2007; accepted 7 November 2007
Abstract

The performance of barley fibre-rich fractions (FRF), as high dietary fibre ingredients, in two-layer flat bread was investigated. In
addition, the effects of particle size reduction by pin milling on functional properties of FRF were studied. FRF enriched in non-starch
polysaccharides (b-glucans and arabinoxylans) were obtained by roller milling of hull-less barley. Pin milling (PM) of FRF significantly
reduced their particle size, slightly increased the solubility of b-glucans and arabinoxylans, and increased the viscosity of water slurries
containing FRF. The addition of 20% of barley FRF to wheat flour significantly increased dough water absorption and weakened the
dough properties, as indicated by farinograph mixing curves, but the FRF-enriched doughs exhibited good handling characteristics at the
dividing and sheeting stages. The appearance, diameter, layer separation, crumb, and aroma of the FRF-enriched flat breads were
comparable to that of the control. The PM of FRF did not significantly affect the dough handling or the quality characteristics of flat
breads. The addition of 20% of barley FRF to wheat flour flat bread provided substantial health benefits by significantly increasing the
total and soluble dietary fibre contents and by decreasing starch digestibility.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Barley grain is an excellent source of both soluble and
insoluble dietary fibre (DF), with clinically proven health
benefits (Newman & Newman, 1991). b-Glucans (BG),
the major fibre constituents in barley, have been shown
to lower plasma cholesterol, reduce glycemic index and
reduce the risk of colon cancer (Brennan & Cleary, 2005).
Their efficacy in reducing the risk of coronary heart dis-
eases (CHD) has recently been recognized by the Food
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and Drug Administration (FDA), and whole grain barley
and barley-containing products are now allowed to carry
a claim that they reduce the risk of CHD in the United
States (FDA, 2005). The nutritional values of other fibre
components in barley, most notably arabinoxylans (AX),
have not been investigated to the same extent as BG. How-
ever, recent studies revealed positive effects of water-solu-
ble maize, wheat and rye AX on cecal fermentation,
production of short-chain fatty acids and consequently
on reduction of serum cholesterol and improved adsorp-
tion of calcium and magnesium (Hopkins et al., 2003;
Lopez et al., 1999). Also, psyllium AX have long been
known for their efficiency in inducing laxative effects (Mar-
lett & Fischer, 2003).

The nutritional value of food products containing barley
depends on the level of supplementation as well as on the
type of tissue or milling fraction of barley grain used.
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The distribution of nutrients and functional constituents in
the barley kernel is not uniform. Therefore, various tissues
and/or fractions obtained via physical grain fractionation
are enriched in different components (Izydorczyk, Symons,
& Dexter, 2002). For example, the pearling by-products are
potentially concentrated sources of bioactive components
such as phytate, vitamin E (including tocotrienols), pheno-
lic compounds, and insoluble DF. Barley fractions rich in
BG have been obtained by various combinations of pear-
ling, grinding, sieving and air classification (Andersson,
Andersson, & Å

0
man, 2000; Andersson et al., 2003; Bhatty,

1992; Izydorczyk et al., 2003; Knuckles, Chiu, & Betshart,
1992; Kiryluk, Kawka, Gasiorowski, Chalcarz, & Aniola,
2000; Klamczynski & Czuchajowska, 1999; Knuckles &
Chiu, 1995; Lee, Scog, & Cho, 1997; Marconi, Graziano,
& Cubadda, 2000; Sundberg & Å

0
man, 1994; Sundberg,

Tilly, & Å
0
man, 1995; Vasanthan & Bhatty, 1995; Yoon,

Berglund, & Faustnaught, 1995).
The addition of DF preparations to foods is usually

aimed at improving their nutritional characteristics (Bren-
nan & Cleary, 2005; Izydorczyk et al., 2002). However,
DF preparations have both physiologically and technolog-
ically functional properties, and their addition will also
alter processing and handling of foods as well as their tex-
ture, colour, flavour, and taste. The extent to which specific
DF preparations exert their physiological and technologi-
cal effects is dependent on the interrelated structural, chem-
ical and physical properties of DF preparations.
Furthermore, the functional properties of DF preparations
can be considerably modified during the DF preparation as
well as during the food processing (Kunzek, Mueller, Vet-
ter, & Godeck, 2002).

Apart from chemical composition of DF preparations,
the properties that are nutritionally relevant include the
particle size and bulk volume, the surface characteristics,
the hydration and rheological properties, and the adsorp-
tion or entrapment of minerals and organic molecules.
The viscosity and entrapment capacity contribute to the
metabolic effects (such as glucose and lipid metabolism),
whereas particle size, bulking effects, and hydration are
strongly involved in effects on colonic function (Guillon
& Champ, 2000). It is also prudent to predict that these
physical properties of DF preparations will also affect the
handling and quality of fibre-enriched food products. A
prime example is high volume bread, whose properties
are determined by multiple factors. Both BG and AX are
known to influence bread quality. For example, it has been
shown that addition of a small amount of purified high
molecular weight water-soluble AX to wheat flour
increases the viscosity of the dough aqueous phase and
has a positive effect on dough structure and stability, as
well as on loaf volume (Biliaderis, Izydorczyk, & Rattan,
1995). However, higher than optimum amounts of added
AX causes viscosity build up and lower bread loaf volumes.
Water-unextractable and insoluble AX, on the other hand,
are well known to suppress bread quality (Courtin & Del-
cour, 2002). It has been shown that soluble BG may have a
negative effect on bread volume, although their effect will
depend on the level of supplementation and quality of
wheat flour (Brennan & Cleary, 2005; Jacobs, Izydorczyk,
Preston, & Dexter, in press) as well as on the intrinsic prop-
erties of BG, such as their molecular weight (Cleary,
Andersson, & Brennan, 2007). Particle size of DF-rich con-
stituents would also be expected to impact bread volume,
although the impact of wheat bran particle size on bread
quality is contentious. Pomeranz, Shogren, Finney, and
Bechtel (1977), Moder, Finney, Bruinsma, Ponte, and
Bolte (1984), and Lai, Hoseney, and Davis (1989) reported
that coarse bran particles had adverse effects on bread
quality, whereas Özboy and Köskel (1997) and De Kock,
Taylor, and Taylor (1999) found that coarse bran particles
produced better baking results than finely ground bran.

Flat breads are better able to accommodate high DF
ingredients than pan or hearth bread without loss of qual-
ity because of more modest flour quality requirements
(Qarooni, Ponte, & Posner, 1992). Barley has been success-
fully incorporated into single layer flat breads including
chapatis (Sidhu, Harinder, Kaur, & Ram, 1990) and Turk-
ish bazlama bread (Bas�man & Köksel, 1999). Two-layer
flat bread is widespread in Middle Eastern and North Afri-
can countries (Paulley, Williams, & Preston, 1998), and is
becoming increasingly popular in western countries
(Houraney & Daneshmayeh, 2000; Taylor, Brester, &
Boland, 2005). Two-layer flat bread is commonly produced
from high extraction flour, making it likely to find wide-
spread acceptance as a high DF food.

Izydorczyk et al. (2003) reported a simplified roller mill-
ing procedure that gives a high yield of a fibre-rich fraction
(FRF) from hull-less barley. FRF has been successfully
incorporated into pasta (Dexter, Izydorczyk, Marchylo,
& Schlichting, 2005) and Asian noodles (Izydorczyk, Lag-
assé, Hatcher, Dexter, & Rossnagel, 2005). Incorporation
of FRF into pan bread to produce a satisfactory product
is more challenging (Jacobs et al., in press), particularly
for straight-dough processes. In this study, we investigated
incorporating FRF as a high DF ingredient in two-layer
flat bread. Additionally, the effects of particle size reduc-
tion of FRF by pin milling on FRF functional properties
were studied.

2. Experimental

2.1. Materials

Three hull-less barley genotypes (grown in 2003) with var-
iable starch characteristics were used in this study. Dr. Brian
Rossnagel, Crop Development Centre, University of Sas-
katchewan, supplied the high amylose starch (HA) line,
SB94893. The waxy starch (W) genotype, CDC Alamo,
was supplied by Agricore United, and the normal amylose
starch (N) genotype, CDC McGwire, by Secan. The contents
of b-glucans in N, W, and HA whole grain samples were
4.28 ± 0.05%, 7.86 ± 0.30%, and 8.54 ± 0.50%, respectively,
whereas the contents of arabinoxylans were 4.10 ± 0.10%,
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3.80 ± 0.20%, and 4.30 ± 0.30%, respectively. The N, W,
and HA whole grain samples contained 61.2 ± 0.5%,
56.8 ± 0.5%, and 53.8 ± 0.6% of starch and 13.0, 13.7, and
14.5 proteins, respectively.

2.2. Milling

Milling of whole barley grain (tempered to 16% m.c.)
took place in a climate-controlled room (21 �C and 60%
RH) with a five-stand mill equipped with 25 cm diameter
rolls according to the short milling flow described by Izy-
dorczyk et al. (2003). The milling procedure involved four
break passages without intermediate sifting. Following the
last break passage, the ground material was sieved, and the
coarse and fine fractions were passed through a shorts dus-
ter. The coarse material (>183 lm) was given a sizing pas-
sage and again was passed through a shorts duster and
sieved. This milling procedure allowed efficient separation
of barley into flour and a fibre-rich fraction (FRF). A por-
tion of the FRF was pin milled (Model 160Z, Alpine Corp.,
Augsburg, Germany) at a feed rate of 81 g/min. The pin
mill was operated at 3090 RPM. A single pass was used
for all three genotypes.

Commercially grown No. 1 Canada Western Red Spring
wheat was milled on the GRL pilot mill described by Black
(1980) by the mill flow of Symons and Dexter (1991) to
produce a straight grade flour of approximately 75%
extraction, which served as the base wheat flour in the flat-
breads. A reconstituted whole-wheat flour typically pro-
duced by Canadian mills (95% extraction equivalent) was
prepared by adding 20% hammer-milled bran (throughs
of 18W sieve [980 lm] and overs of 183 nitex sieve
[183 lm]) to the 75% extraction rate flour (Ambalamaatil
et al., 2002). The protein content (14% mb) of the whole
wheat flour was 14.6%, and ash content (14% mb) was
1.40%.

For flat bread preparation, a blend of 80% straight
grade wheat flour and 20% whole wheat flour was used
as the control. When FRF was incorporated, straight grade
wheat flour content was reduced to 60%, whole wheat flour
content was kept at 20%, and FRF was incorporated at
20%.

2.3. Characterization of FRF and wheat flour

All FRF and wheat flour characterization tests were car-
ried out in duplicate unless stated otherwise. Moisture con-
tent was determined after heating a 10 g sample at 130 �C
for 1 h in a semi-automatic moisture oven (CW Brabender,
South Hackensack, NJ). Total starch, starch damage and
BG contents were determined enzymatically using Mega-
zyme kits (Megazyme International, Bray, Ireland),
according to AACC (2000) Approved Methods 76–13,
76–31, and 32–23, respectively. Total (AX) content was
determined colourimetrically by the phloroglucinol reac-
tion method of Douglas (1981). BG and AX were made
soluble by shaking a suspension of 0.5 g FRF in 25 ml
sodium phosphate buffer (20 mM, pH 6.5) for 2 h at
45 �C. Total free phenolics were determined colourimetri-
cally using a method adapted from Beta, Nam, Dexter,
and Sapirstein (2005).

The development of viscosity of barley FRF slurries
(4.0 g suspended in 25 ml of 0.1% AgNO3) was determined
with a Rapid-Visco Analyzer (RVA, Newport Scientific,
Warriewood, Australia). The FRF slurries were heated
from 25 �C to 45 �C over a 2 min period, and the viscosity
development was monitored for 30 min at a stirring speed
of 160 rpm (initial mixing, 0–30 s, 960 rpm). FRF colour
was evaluated using a spectrocolourimeter (Labscan XE,
HunterLab, Reston, VA, USA) equipped with a D65 illu-
minant using the CIE 1976 L*, a*, and b* colour scale.
The average of three measurements is reported. Water
swelling of the FRF was determined with deionised water
at 20 �C following the method of Robertson et al. (2000)
with some modifications. Deionised water (10 ml) was
added to FRF (150 mg) and the slurry was initially stirred
and then equilibrated for 18 h at 20 �C. Afterwards, the
bed volume was recorded and expressed as volume/g origi-
nal substrate dry weight.

Flat breads were subjected to in vitro digestion by mix-
ing a 2 g sample of ground bread with enzyme solution
(166U porcine pancreatic a-amylase, Sigma Chemical, in
25 ml of 20 mM sodium phosphate buffer, pH 6.9). The
mixtures were incubated at 37 �C for 15 and 60 min. After
centrifugation (4000g, 10 min), the amount of solubilized
carbohydrates was determined by further digestion with
thermostable a-amylase (Bacillus licheniformis, Ankom
Tech. Corp., Fairport, NY, USA) and amyloglucosidase
(Aspergillus niger, Boehringer Mannheim, Laval, Quebec,
Canada). The resulting glucose contents in the supernatant
were measured with a GOPOD reagent according to the
method of McCleary, Solah, and Gibson (1994). The
results indicate the amount of solubilized carbohydrates
expressed as gram of solubilized starch per gram of starch
available in the sample.

A sonic sieve shaking method was used for dry particle
size determination. The pre-weighed sample (10 g) was
placed on the top sieve of the set of sieves (500, 425, 325,
300, 212, 150, 105, 75, 53, and 37 lm openings) and shaken
with a sieve shaker (Allen-Bradley Sonic Sifter, Fisher Sci-
entific Ltd., Ottawa, Ontario, Canada). After 58 min of
shaking the material on each sieve was weighed and
recorded.

2.4. Flat bread preparation and quality analysis

Flat breads were prepared in triplicate according to the
procedure developed by Williams, Jaby El-Haramein, Nel-
son, and Srivastava (1988) using equipment described by
Paulley et al. (1998). Standard ingredient levels (expressed
as a percentage of flour weight) included salt (1.0%), sugar
(1.0%), fresh compressed yeast (1.5%) and water (optimum
as assessed by dough feel at sheeting). The ingredients were
mechanically mixed, fermented (45 min, 30 �C), divided,
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rested (10 min), manually pinned into circular sheets
(20 cm), proofed (25 min, 30 �C), and baked (540 �C for
70 s) in an electrically heated Pavalier (Bourg Les Valence,
France) travelling flat bread oven.

Flat bread quality was assessed using a scoring system
developed by Williams et al. (1988). Flat bread colour
(L*, a*, b*) was determined with a Chroma Meter (CR-
200/CR-231, Minolta Canada, Mississauga, ON) by exam-
ining at least three different areas of each bread sample.

Texture measurements were performed using the TA-
XT2i texture analyzer (Texture Technologies Corp., Scars-
dale, NY). Once the flat breads were cooled to room tem-
perature, three disks (30 mm in diameter) were cut out of
the middle of the flat bread using a cylindrical scoring
device. The texture analyzer was equipped with a 25 mm
lapped perspex cylinder probe, and the flatbreads were
tested for hardness and chewiness (40% strain) (Bourne,
1978).

2.5. Statistical analysis

All statistical analyses were executed using SAS statisti-
cal software (release 9.1.3; SAS Institute Inc., Cary, NC).
Analysis of variance (ANOVA) and Duncan’s multiple
range tests were used to determine differences in mean val-
ues based on data collected from replications of each mea-
surement. Significance was established at P 6 0.05.

3. Results and discussion

3.1. Characterization of FRF

The barley FRF from roller milling, made of material
retained on a 183 lm screen, contained fragments of aleu-
rone and endosperm cell walls (Izydorczyk et al., 2005). On
average, a two to 2.5-fold increase in BG and AX contents
was obtained in the FRF after milling, compared to the
content of these polymers in the whole barley grain (Table
Table 1
Composition and physicochemical properties of barley FRF before and after

Barley type/
FRF

Total b-
glucans (%)

Water-soluble
b-glucansb (%)

Total
arabinoxylans
(%)

Water-solub
arabinoxyla
(%)

Normal (N)

N-FRF 8.93 ± 0.05 4.55 (50.9)c 10.11 ± 0.04 1.41 (13.9)b
N-FRF-PM 4.79 (53.6)c 1.47 (14.5)a

Waxy (W)

W-FRF 13.84 ± 0.30 6.88 (49.7)a 8.87 ± 0.003 0.87 (9.8)e
W-FRF-PM 7.21 (52.1)a 0.91 (10.3)e
High amylose (HA)

HA-FRF 14.06 ± 1.10 6.25 (44.5)b 9.98 ± 0.28 0.99 (9.9)d
HA-FRF-PM 6.90 (49.1)a 1.06 (10.6)c

a Means in columns followed by a different letter are significantly different (
b The values in brackets indicate solubility expressed as % of total b-glucan
c The values in brackets indicate solubility expressed as % of total arabinox
d Expressed as ferulic acid.
1). FRF from the W and HA barley contained substantially
higher amounts of BG than those from N barley (Table 1);
this was consistent with differences in total BG contents in
whole grains. Compared to whole barley, the FRF were
enriched in proteins, but contained a lower amount of
starch (Table 1); the content of starch, and proteins in
FRF differed only slightly among the genotypes. FRF from
waxy barley contained a lower amount of AX compared to
that in FRF from normal and high amylose samples.

A portion of FRF was pin milled (PM) and further anal-
yses were carried out to determine the effect of PM on the
physicochemical characteristics of the FRF. Fig. 1 shows a
plot of the cumulative size distribution of the particles
before and after PM. The non-PM preparations contained
about 10% of particles retained on the 300 lm sieve, 40%
retained on the 212 lm sieve and another 30% on the
150 lm sieve. The size of the remaining particles (<20%)
ranged mainly between 150 and 105 lm. The PM prepara-
tions contained very little material (<3%) retained on the
300 lm sieve and only about 20% retained on the 212 lm
sieve. The majority of material was distributed equally on
the 150 and 105 lm sieves (about 30% on each sieve).
About 10% of the PM material had particles ranging from
75 to 105 lm and another 10% particles ranging from 53 to
75 lm. Perpendicular lines have been drawn to indicate the
sieve size at which 50% of the particles were held or passed
through (d0.5). When the d0.5 values were examined little
difference was observed in the particle size among the geno-
types for the non-PM material, but there appears to be
more variability for the PM preparations among the geno-
types. HA-FRF-PM had 50% of its particles retained
above 158 lm, followed closely by WX-FRF-PM at
152 lm. On the other hand N-FRF-PM had 50% of its par-
ticles above 139 lm suggesting that PM created slightly
smaller particles for this sample. It is important to point
out that although the N-FRF-PM had a lower d0.5 value,
the HA-FRF-PM and W-FRF-PM contained approxi-
mately 6% more material below the 75 lm sieve.
pin millinga

le
nsc

Proteins
(%)

Starch
(%)

Starch
damage
(%)

Free
phenolicsd

(lg/mg)

Swelling
capacity
(ml/g)

L*

19.1 ± 0.1 36.2 ± 0.3 1.62d 3.68a 9.09c 79.02e
2.02c 3.77a 8.16d 80.59d

20.0 ± 0.1 38.1 ± 0.2 2.58b 3.51b 10.95b 84.00c
3.05a 3.70a 9.28c 84.95bc

19.5 ± 0.1 36.4 ± 0.2 1.10f 2.17d 12.04a 85.46b
1.29e 2.36c 11.89a 86.83a

P 6 0.05) as determined by Duncan’s multiple range test.
s.
ylans.



Fig. 1. Sieve analysis for FRF and FRF-PM (pin milled) for normal (N),
waxy (W) and high amylose (HA) barley.

Fig. 2. RVA viscosity profiles for FRF and FRF-PM (pin milled) for
normal (N), waxy (W) and high amylose (HA) barley in 0.1% silver
nitrate.
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The colour parameters for the FRF are listed in Table 1.
The FRF from N barley had lower L* values then those
from waxy and high amylose. For all genotypes, PM
slightly increased the L* values. It is important to realize
that these colour shifts due to PM are due to the particle
size shift observed for dry powders (Symons & Dexter,
1991), and are not indicative of a compositional difference.

In general, the starch damage in FRF was very low
and it was only slightly increased by PM (Table 1).
The W-FRF-PM and HA-FRF-PM samples showed a
slight increase in the amount of phenolic compounds
extractable with alcohol, compared to their non-PM
counterparts. The lowest amount of free phenolics was
observed in the FRF of HA whereas similar contents
were observed for N and W. The FRF from HA and
W barley contained significantly higher amount of
water-soluble BG than those from N barley. The solubil-
ity of BG after PM increased by 2.7%, 2.4%, and 4.6%
for N-, W-, and HA-FRF, respectively; only the HA-
FRF-PM exhibited a statistically significant increase of
water-soluble BG compared to their non-PM counter-
parts. In general the solubility of AX in FRF was much
lower than that of BG. The highest amount of water-sol-
uble AX was detected in FRF from N barley and the
lowest in FRF from W barley. The PM slightly increased
the solubility of AX in N- and HA-FRF. The increased
solubility of DF constituents is normally quite desirable
since it is postulated that solubility and viscous proper-
ties of non-starch polysaccharides in aqueous media are
responsible for reduction of plasma cholesterol and post-
prandial serum glucose levels in humans and animals
(Jenkins et al., 1995; Newman & Newman, 1991; Yokoy-
ama et al., 1997). The insolubility of BG and AX in
grain has been attributed to both covalent and non-cova-
lent interactions among grain constituents, as well as to
their physical entrapment in the cell wall matrix (Carpita
& Gibeaut, 1993). The particle size reduction of DF
preparations can, therefore, be expected to improve the
solubility and extractability of DF components by expos-
ing new surfaces and enabling better interactions of the
fibre constituents with the solvent. It appears, however,
that particle size reduction obtained in this study only
slightly increased the solubility of BG and AX. Izydorc-
zyk, Storsley, Labossiere, MacGregor, and Rossnagel
(2000) explored the effects of various hydrothermal and
physical treatments on solubility and viscosity of BG,
and reported that only the presence of hydrolytic
enzymes (proteases or esterases) significantly improved
the extractability of BG from ground barley.

The swelling capacities of FRF in water at room temper-
ature are listed in Table 1. The HA-FRF showed the high-
est swelling capacities among the three genotypes. The
swelling capacity of N- and W-FRF decreased slightly after
PM. Swelling is a function of the chemical composition and
the physical structure of the fibre matrix (Auffret, Ralet,
Guillon, Barry, & Thibault, 1994). When measuring the
effect of size reduction on the swelling capacity of fibre
from various sources, Auffret et al. (1994) also found a
decrease in swelling with a decrease in particle size. While
the surface area per weight of smaller particles is usually
higher than that of larger particles, the reduction of particle
size of DF preparations often changes the physical struc-
ture of fibre and reduces the spaces available for free water
by collapsing the matrix structure (Auffret et al., 1994). As
a result, the porosity of the fibre matrix is reduced and the
ground fibre preparations are unable to imbibe as much
water as rough fibre.

The development of viscosity of barley FRF slurries
during a 30 min period of mixing at a constant shear rate
and 45 �C is shown in Fig. 2. Large differences in the
attainable viscosity were observed among FRF from differ-
ent barley cultivars. The FRF preparations from W and
HA barley exhibited a relatively fast evolution of viscosity
during the initial 10 min period. Thereafter, the HA-FRF
exhibited further development of viscosity but at a much
slower rate, whereas the viscosity of the W-FRF remained
unchanged. In contrast, the N-FRF exhibited much lower
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viscosity values. The differences between viscosity profiles
obtained for N-FRF versus those for W-FRF and of
HA-FRF can be ascribed most likely to significant differ-
ences in the total and soluble BG contents (Table 1). In
addition to concentration, the molecular weight of BG is
known to significantly affect the viscosity of solutions con-
taining these polymers (Lazaridou, Biladeris, & Izydorc-
zyk, 2003). Knuckles, Yokoyama, and Chiu (1997) and
Storsley, Izydorczyk, You, Biliaderis, and Rossnagel
(2003) showed that significant differences in the molecular
weight may exist among BG extracted from different barley
varieties; these differences could reflect genetic variability
as well as environmental and storage effects. Although a
very low activity of b-glucanase, an enzyme responsible
for depolymerization of BG chains, is expected in barley
before germination, Izydorczyk et al. (2000) showed sub-
stantial differences in the activity of this enzyme in various
barley cultivars. If whole barley or barley fractions are to
be incorporated into food systems to take advantage of
the biological activity of BG associated with their viscosity
building properties, the b-glucanase activity has to be con-
trolled (e.g., by heat treatment).

Some increases in the attainable viscosity were observed
after PM (Fig. 2). These viscosity increases corresponded
with the increases of water-soluble BG in FRF after PM,
i.e., the greatest for HA and the smallest for N barley
(Table 1). The influence of size and distribution of particles
on slurry rheology is also not negligible (Tangsathitkulchai
& Austin, 1988). However, the flow behaviour of colloidal
suspensions can be complicated, because several parame-
ters including particle size, size ratio, particle distribution,
as well as the presence of any soluble dispersant have to
be considered (Tangsathitkulchai & Austin, 1988). The
slurries containing the barley FRF contain some soluble
DF constituents in addition to insoluble particles.

3.2. Characterization of flour blends

The addition of 20% FRF to the control wheat flour had
a dramatic effect on farinograph mixing curves (Table 2).
Depending on the genotype, dough water absorption
increased by 10–18% compared to the control flour. The
porous structure and large surface area of the particles in
the FRF (Izydorczyk et al., 2005), together with the hygro-
scopic nature of BG and AX increased the water require-
ments of the wheat flour-FRF blends. Blends containing
W-FRF and HA-FRF had higher water absorption than
N-FRF due to the higher contents BG in the former. In
all cases the dough development time decreased slightly
with enrichment by FRF. Tolerance to over mixing was
also reduced by enrichment with FRF as indicated by
shorter stabilities and higher tolerance indices. The largest
decrease in dough strength, as indicated by the shortest sta-
bility and highest tolerance index, was observed for enrich-
ment with N-FRF. For all genotypes, differences in
farinograph properties between PM and non-PM material
were slight.
3.3. Characterization of flat bread

The FRF-enriched doughs, despite the weakened prop-
erties as indicated by farinoraph mixing curves, exhibited
good handling characteristics at the dividing and sheeting
stages (Table 2). The actual baking water absorptions were
lower than those indicated by the farinograph. During bak-
ing, layer separation of FRF-enriched breads was very
good, and the breads did not show any tendency to burn-
ing. Characteristics of FRF-enriched flat breads such as
appearance, diameter, layer separation, crumb, and aroma
were comparable to that of the control (Table 2). Quality
of FRF-enriched flat breads was not substantially influ-
enced by PM.

The colour parameters for the flat breads are listed in
Table 3. Some differences were observed in L* (bright-
ness) values between the PM and non-PM flat breads,
but differences among genotype were not consistent.
The W-FRF-PM-enriched flat bread was slightly brighter
than its non-PM counterpart, whereas the opposite was
observed for the N-FRF and HA-FRF enriched flat
breads. All the FRF-enriched flat breads were signifi-
cantly (P 6 0.05) darker than the control, except for
HA-FRF, where no significant difference in the L* value
compared to the control was observed. The flat breads
containing N-FRF had the lowest L* values, consistent
with the L* values obtained for the FRF alone (Table
1). Significant differences (P < 0.05) were observed in a*

(redness) and b* (yellowness) due to both barley geno-
type and PM. All of the FRF-enriched flat breads were
less yellow than the control. The HA-FRF-enriched flat
breads were less red than the control, and the least red
of the genotypes. The effect of PM on a* and b* values
was inconsistent.

Enrichment of the flat breads with FRF increased hard-
ness and chewiness with HA-FRF exerting greater effects
than N-FRF and W-FRF (Table 3). These differences
may be due to the different starch amylose contents and
associated differences in pasting properties and rate of
starch retrogradation among FRF from various barley
genotypes. No significant differences in the texture of the
flat breads supplemented with non-PM FRF and PM
FRF were observed.

The addition of 20% FRF significantly increased the
amounts of total and soluble BG in the flat breads (Table
4). Compared to the control wheat flour flat bread, the con-
tent of total BG in barley FRF-enriched breads increased
from eight to 13 times, whereas that of water-soluble BG
increased from six to 16 times depending on the barley
genotype. The flat breads supplemented with HA-FRF
exhibited the highest contents of total and soluble BG
among the barley FRF-enriched breads. The addition of
FRF also significantly increased the content of total AX
in the flat breads. The amount of water-soluble AX, on
the other hand, changed little with the addition of barley
FRF, indicating the insoluble nature of barley
arabinoxylans.



Table 2
Dough and bread scores for flat breads supplemented (20%) with barley FRF

Flat bread Farinographa Baking
absorption (%)

Dough handling
scoresb

Bread scoresb Total
score

Water
absorption (%)

Dough development
time (min)

Stability
(min)

Mixing
tolerance (FU)

Divisionc Sheetingd Appearance Diameter Layer
separation

Crumb Aroma

Controle 65.4c 9.5a 17.7a 18d 57c 4.25 4.25 4.25 5.0 3.25 3.75 4.75 29.5

+N-FRF 75.5b 7.3b 4.7c 65a 68a 4.25 4.25 4.25 5.0 3.25 3.5 4.5 29.0
+N-FRF-

PM
74.9b 7.4b 4.2c 66a 68a 4.0 4.25 4.25 5.0 3.5 3.5 4.25 28.75

+W-FRF 82.7a 7.3b 6.5b 43b 64b 4.0 4.0 4.25 5.0 3.5 4.0 4.25 29.0
+W-FRF-

PM
82.0a 7.3b 6.3b 46b 64b 4.25 4.5 4.25 5.0 3.75 4.0 4.5 30.25

+HA-
FRF

83.4a 7.5b 8.2b 35c 67a 4.0 4.0 4.25 5.0 4.0 4.0 5.0 30.25

+HA-
FRF-
PM

82.5a 7.5b 7.1b 47b 67a 4.25 4.25 4.5 5.0 3.75 4.0 4.75 30.5

a Means in columns followed by a different letter are significantly different (P 6 0.05) as determined by Duncan’s multiple range test.
b Each quality parameter was given a score from 0 to 5. None of the means in each column were significantly different as determined by Duncan’s multiple range test.
c Division = step in flat bread processing where the dough was cut into 5–125 g pieces after fermentation and before sheeting.
d Sheeting = step in flat bread processing where the dough is pinned into circular sheets followed by proofing and then baking.
e Control wheat flour: 80% straight grade CWRS flour, 20% whole wheat flour.
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Table 3
Colour of the outer surface and texture parameters of flat breads supplemented with barley FRF

Flat bread Colour Texture

L* a* b* Hardness (kg) Chewiness

Control 74.09a 4.85b 28.14a 0.47c 0.36d

+N-FRF 68.96d 3.55d 20.39f 0.54abc 0.47abcd
+N-FRF-PM 67.45e 4.26c 23.67c 0.54abc 0.48abc

+W-FRF 69.01d 5.32a 26.87b 0.52bc 0.45bcd
+W-FRF-PM 71.84c 3.15e 22.75d 0.49bc 0.42cd

+HA-FRF 74.31a 1.93g 19.83g 0.62ab 0.54ab
+HA-FRF-PM 73.22b 2.16f 21.24e 0.66a 0.58a

Means in columns followed by a different letter are significantly different (P 6 0.05) as determined by Duncan’s multiple range test.

Table 4
Nutritional characteristics of flat breads supplemented with barley FRF

Flat bread b-Glucans (%) Arabinoxylans (%) Starch (%) Digestible starch (g/g)b

Total Water-solublea Total Water-solublea 15 min 60 min

Control 0.23d 0.09g 2.40b 0.71b 71.9a 0.203a 0.436a

+N-FRF 1.85c 0.58f 4.90a 0.91a 64.3bc 0.184b 0.374c
+N-FRF-pm 1.84c 0.62e 4.50a 0.91a 63.6c 0.172c 0.368c

+W-FRF 2.70b 1.22c 3.70a 0.68c 64.7b 0.177bc 0.384b
+W-FRF-pm 2.74b 1.10d 3.90a 0.65c 64.3bc 0.161d 0.352d

+HA-FRF 2.91a 1.31b 4.47a 0.75b 65.0b 0.180b 0.352d
+HA-FRF-pm 2.97a 1.43a 4.20a 0.71b 63.8c 0.164d 0.348d

Means in columns followed by a different letter are significantly different (P 6 0.05) as determined by Duncan’s multiple range test.
a b-Glucans and arabinoxylans were solubilized by stirring flat bread samples in water at 40 �C for 120 min.
b Results expressed as gram of starch released upon digestion with a-amylase per gram of available starch in the flat bread samples.
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According to the recent recommendation of the US
Food and Drug Administration (2005), barley-containing
food must provide at least 0.75 g of soluble b-glucan
fibre per serving of food to qualify for the health claim.
Given the content of b-glucans in the FRF-enriched flat
breads (Table 4), and making the assumption that a sin-
gle flat bread equals one serving, it was calculated that
the barley flat breads prepared in this study would easily
qualify, providing between 1.84 and 2.97 g of soluble b-
glucan fibre, with the N-FRF enriched flatbread provid-
ing the least and HA-FRF enriched flat bread providing
the most.

There is also compelling evidence that DF constituents
can have an impact on food structure, carbohydrate avail-
ability, rate and extent of starch degradation, and hence the
glycemic index (GI) of foods (Brennan, 2005). Indeed, the
results of the in vitro digestibility of starch showed that
the inclusion of barley FRF into flat bread significantly
decreased the solubilization and digestibility of starch at
two different time intervals (Table 4). The PM-FRF exerted
a slightly greater effect than the non-PM FRF in most
cases. The reduction in starch digestibility of FRF-supple-
mented flat breads cannot be explained just on the basis of
the barley FRF exerting a dilution factor on the starch con-
tent of pita breads. Brennan and Samyue (2004) postulated
that the digestion of starch and sugar release from foods
might be delayed due to DF constituents adhering to starch
granules and possibly increasing digesta viscosity. It
appears that the in vitro starch digestibility experiments
are in agreement with in vivo experiments on GI of foods.
Jenkins, Jenkins, Zdravkovic, Wursch, and Vuksam
(2002) showed that in a 50 g carbohydrate food portion
(a prototype b-glucan-enriched breakfast cereal and bar),
each gram of b-glucan could reduce the GI by 4 units, mak-
ing it a useful functional food component for reducing
postprandial glycemia. Cavallero, Empilli, Brighenti, and
Stanca (2002) achieved similar GI reduction with b-glu-
can-enriched bread.

4. Conclusions

This study demonstrated the potential of using barley
FRF to prepare flat breads. The addition of 20% of barley
FRF to wheat flour flat bread not only provided substan-
tial health benefits by significantly increasing the total
and soluble dietary fibre content and by decreasing starch
digestibility, but also produced an acceptable product.
The presence of barley FRF in the blends with wheat flour
significantly increased dough water absorption. The FRF-
enriched flat bread dough handled well, and the flat breads
produced in a laboratory setting were equal to flat breads
without FRF added.
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This study also established that replacing 20% wheat
flour with barley FRF produces a product that would meet
the requirements of the newly released US Food and Drug
Administration (2005) health claim for barley-containing
products, while still possessing the necessary appeal and
quality to a health-conscious consumer. FRF fractions
are obtained via a chemical free, physical fractionation of
barley grain, and are excellent functional food ingredients
because, in addition to their high dietary fibre content, they
also contain other phytochemicals (phenolics, tocols, vita-
mins and minerals) naturally present in the grain tissue.
Pin milling of FRF obtained by roller milling of barley
grain significantly reduced their particle size, slightly
increased the solubility of b-glucans and arabinoxylans,
and increased the viscosity of water slurries containing
the FRF. These changes potentially improved the nutri-
tional properties of FRF preparations. PM of FRF did
not significantly affect the dough handling or the quality
characteristics of the flat breads. It is possible, however,
that at a higher level of supplementation and/or in a differ-
ent food system, the size reduction and the consequent
changes of the physicochemical properties of the barley
FRF would exert more noticeable effects on the technolog-
ical properties of food products. The supplementation of
flat breads with barley FRF may also be beneficial to man-
ufacturers from a cost perspective due to the higher yield of
bread units per unit of flour on a fresh moisture basis, due
to the higher water absorption of the FRF-wheat flour
blends compared to wheat flour alone.
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0
man, P. (2000). Air classification

of barley flours. Cereal Chemistry, 77, 463–467.
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