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Abstract

Gelatinized barley starch was hydrolysed using porcine pancreatic a-amylase for various time intervals and the hydrolysate frac-
tionated according to molecular weight distribution (low, medium and high) by gel permeation chromatography. The effects of
hydrolysed starch fractions (2.5%, w/w) on the solution viscosity of low- (~50%, w/w) and high- (~88%, w/w) purity barley B-glucan
(0.75%, wiw,) at different temperatures (20 and 37 °C) were determined and compared to that of a control. The results indicated that
none of the hydrolysed starch fractions significantly influenced the solution viscosity of high purity B-glucan. However, addition of
the medium molecular weight fraction to low purity B-glucan significantly increased its viscosity when determined at low shear rates
(1.29-12.9 s71). Marginal changes in viscosity were observed at shear rates exceeding 12.9 s~!. This study suggested that a non-
B-glucan component in the low purity B-glucan concentrate probably influences the solution viscosity of ““B-glucan—hydrolysed

starch” blends.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Barley B-glucan is a water-soluble dietary fibre that
can form highly viscous aqueous solutions at concentra-
tions as low as 0.5% (w/v) (Autio, Myllymiki, & Mail-
kki, 1987; Bohm & Kulicke, 1999; Burkus & Temelli,
1999; Cui & Wood, 2000; Doublier & Wood, 1995; Laz-
aridou, Biliaderis, & Izydorczyk, 2003; Skendi, Biliade-
ris, Lazaridou, & Izydorczyk, 2003; Vaikousi,
Biliaderis, & Izydorczyk, 2004). Research on barley
B-glucan has demonstrated its multiple human health
benefits (Anderson et al., 1984; Bourdon et al., 1999;
Braaten et al., 1994; Hallfrisch & Behall, 2000; Keagy,
Knuckles, Yokoyama, Kahlon, & Hudson, 2001; Mal-
kki & Virtanen, 2001; Wood et al., 1994; Yokoyama
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et al., 1997). Thus, the industrial demand for this natural
cereal based compound is fast growing. Functional food
products containing B-glucan are now being commer-
cially introduced to the market (Burkus & Temelli,
2000; Inglett, 1990; Morin, 2001; Pszczola, 1996; Tem-
elli, 2001; Wood, 1986). Since starch is one of the major
components of foods, understanding the mechanism of
interaction of B-glucan with native starch and its hydro-
lytic products and its implication for rheological proper-
ties is highly important in order to achieve a product
with a high sensory appeal.

Studies focussing on the rheological response arising
from the interactions between B-glucan and other bio-
polymers, especially the interaction of B-glucan with
starch amylolytic products, are limited. The effect of
starch on the viscosity of barley B-glucan gum was inves-
tigated by Burkus and Temelli (1998). The authors re-
ported that the viscosity of B-glucan (0.5% w/w) in the
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presence of starch (0.5% w/w) increased by about 2.5-
fold. However, the gum mixture separated into two lay-
ers following storage at 4 °C. They postulated that the
hydrophobicity of the hydrogen-bonded regions of amy-
lose and B-glucan may, in part, be responsible for such
destabilization. Carriere and Inglett (1999) investigated
the rheological properties of several Oatrim® (B-glu-
can/amylodextrin) blends. Shear-thickening regions ob-
served in their study were dependent upon the
temperature of the suspension and the concentration
of B-glucan in the blend. Grimm, Kriiger, and Burchard
(1995) used rheological methods to investigate the solu-
tion properties (behaviour of molecular aggregates) of
B-glucan isolated from barley grains and beer. In this
study, maltose solutions at different concentrations (2—
10%, w/v) were used to simulate a substance that has
been found to occur naturally in wort. The above
authors reported a decrease in viscosity with increasing
maltose concentration (until 5%) and thereafter the vis-
cosity increased with increasing maltose concentration.
Using combined static and dynamic light scattering
techniques, they also demonstrated that a change (min-
imum aggregation) in B-glucan structure occurs near 5%
maltose. This was attributed to a preferential binding of
maltose to B-glucan, which partly breaks up the aggre-
gated B-glucan clusters, as a result of a competitive inhi-
bition mechanism (Grimm et al., 1995; Rees, Morris,
Thom, & Madden, 1982).

The effect of barley B-glucan fibre fractions on wheat
starch gelatinization and pasting characteristics have
been reported by Symons and Brennan (2004). These
authors reported that substitution of 5% wheat starch
with the barley B-glucan fibre (63.6-73.5% purity) frac-
tions decreased the enthalpy of gelatinization and the
Rapid Visco Analyzer parameters (peak viscosity, extent
of viscosity breakdown, final viscosity) in comparison to
the control starch. They postulated that the reduction in
pasting characteristics was due to a decrease in starch
granular swelling, resulting from water being withheld
from the starch granules by B-glucan and from a general
reduction in starch content of the pastes because of
replacement with barley B-glucan.

Our previous studies showed that, when a low purity
(~50%, w/w) barley B-glucan was mixed into an aqueous
solution of gelatinized starch (2.5%, w/w), the viscosity
did not develop to an extent equivalent to that of a con-
trol solution (B-glucan solution prepared without gelati-
nized starch at identical concentration) (Faraj,
Vasanthan, & Hoover, 2005). Viscosity development of
the B-glucan plus gelatinized starch blend solution oc-
curred over a period of time and reached a maximum
in approximately 16 h. However, the addition of porcine
pancreatic a-amylase into the solution containing B-glu-
can plus gelatinized starch blend resulted in a rapid vis-
cosity increase with the time of hydrolysis and the
viscosity reached a level that was significantly higher

than that of a solution containing B-glucan and gelati-
nized starch (at identical concentrations). This indicated
that interaction probably occurs between B-glucan and
the products of starch a-amylolysis. Furthermore, the
above study showed that complete hydrolysis of B-glu-
can with lichenase destroyed its ability to interact with
the hydrolysed starch products. The objective of the cur-
rent study was to further understand the mechanism of
the aforementioned interaction that was responsible
for the enhanced viscosity. The study was performed
using both low and high purity B-glucan preparations.

2. Materials and method
2.1. Materials

a-Amylase (EC 3.2.1.1; Porcine pancrease suspension
in 2.9 M NaCl containing 3 mM CaCl,), glucose, malt-
ose and maltotriose were purchased from Sigma Chem-
ical Co. (St. Louis, MO). Food grade maltodextrin
(Capsul™) was obtained from National Starch and
Chemical Company (Bridgewater, NJ). Fungal protease
(EC 3.4.21.62; Deerland fungal protease 400,000) was
purchased from Deerland Enzymes (Kennesaw, GA).
Lichenase (EC 3.2.1.73; from Bacillus subtilis) and -
glucosidase (from Aspergillus niger) were purchased
from Megazyme International (Wicklow, Ireland). A to-
tal starch assay kit, that included the enzymes thermo-
stable o-amylase (from Bacillus licheniformis) and
amyloglucosidase (EC 3.2.1.3; from Aspergillus niger),
was also purchased from Megazyme International.
Termamyl (thermostable a-amylase from Bacillus lichen-
iformis) was purchased from Novo Nordisk Biochem,
North America Inc. (NC, USA). Sepharose™ CL-6B
(in 20% ethanol) was purchased from Amersham Phar-
macia Biotech AB (SE-751 84 Uppsala, Sweden). The
kit for the determination of total fibre, insoluble and sol-
uble fibre was purchased from Megazyme International
(Wicklow, Ireland).

2.2. Isolation and purification of starch and p-glucan from
barley flour

Crude (low purity) starch and B-glucan were isolated
from pearled hull-less waxy barley flour (CDC-Candle
variety, as developed by Dr. Brian Rossnagal at the Uni-
versity of Saskatchewan) according to the procedure of
Vasanthan and Temelli (2002). Further purification of
crude starch (78%, w/w, purity) and B-glucan (50.7%,
w/w, purity) was performed as shown in Fig. 1.

2.3. Chemical analysis

Moisture, lipid and protein contents were determined
according to the standard AACC (2000) procedures.
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Pearled barley flour (CDC-Candle)*

Crude 3-Glucan concentrate

Mix concentrate with water (1:75) & heat in a
boiling water bath under gentle stirring for 1h

Cool to 42 °C & adjust pH to 5.5

Centrifuge — Residue (R1)

(16,000xg/10 min) ¢
¢ Discard
Supernatant

v

Add 100% ethanol (1:1 ratio)
allow gentle sirring for1h

Centrifuge — Supernatant (S1)

(16,000xg/10 min) ¢

. Discard
Residue

(B-glucan concentrate)

v

Mix with 100% ethanol (1:5) and homogenize
using a Polytron for 2 min

Filter under vacuum — Filtrate (F1)

v v

Residue Discard

Dry overnight at 40 °C

v

High purity 3-glucan concentrate
Grind, sieve (500 micron) & store in sealed
container at room temperature

Crude starch

Mix crude starch: 0.05M NaOH (1:5)

for 30 min at room temperature
Centrifuge (16,000xg/10 min) — Supernatant

. ¢ Discard
Residue (starch concentrate)

v

Rewash with NaOH (0.05M) and centrifuge as

above and discard supernatant

Residue (starch concentrate)

Mix with excess water
and adjust the pH to 7.0

Centrifuge (16,000xg/10 min) — Supernatant

v v

Residue (starch concentrate) Discard

Mix with excess water, centrifuge
(16,000xg/10 min) and recover starch

Mix with 100% ethanol (1:5) and
homogenize using a Polytron for 2 min

v

Dry overnight at 40 °C

v

High purity starch

Grind, sieve (500 micron) & store in sealed

container at room temperature

Fig. 1. Isolation and purification of B-glucan and starch. *Vasanthan and Temelli (2002).

Total, insoluble and soluble fibres were determined
according to the Megazyme procedure provided with
their test kits (AACC Method 32-07, 2000). Total starch
and B-glucan contents were determined according to the
total starch assay (AACC Method 76.13, 2000) and
mixed-linkage B-glucan assay (AACC Method 32-23,
2000) procedures provided by Megazyme International
Ireland Ltd. (Wicklow, Ireland) with their test Kkits.

2.4. Fractionation of the hydrolysed products resulting
from the action of a-amylase on barley starch

Barley starch (1.0 g) in phosphate buffer (40 ml, pH
9.0) was hydrolysed for different time periods (10 min,

0.5, 1 and 5 h) at 37 °C with porcine pancreatic o-amy-
lase (PPA, 3 U/mg starch). The experiment was carried
out in a shaker water bath. At the end of the assay per-
iod, the sample was heated in a boiling water bath for
15 min in order to inactivate the enzyme and then cooled
to 30 °C. The hydrolysate was centrifuged at (5000g) for
10 min, the residue in the centrifuge tube was recovered
and freeze-dried. The supernatant was then concen-
trated in a rotary evaporator to a final volume of about
20 ml. The concentrated sample was chromatographed
on a Pharmacia Sepharose™ CL-6B column (2.5 x
75 cm) at room temperature. Degassed MilliQ water
was used as the elution medium. Eluent (3 ml) was col-
lected at 6 min intervals using an auto sample collector
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Fig. 2. Gel permeation chromatography of porcine pancreatic o-
amylase-hydrolysed barley (CDC-Candle) starch. Peaks 1, 2 and 3
represent the high, medium and low molecular weight fractions,
respectively.

and the concentration of total carbohydrates in the frac-
tions was determined using the phenol-sulfuric acid
procedure (Dubois, Gilles, Hamilon, Rebers, & Smith,
1956). Contents of the tubes were then pooled according
to the peaks identified in the fractions profile (Fig. 2).
Three main peaks were identified and numbered 1, 2
and 3, depending on their elution time. Peak 1 repre-
sented the fragments with the highest molecular weight,
peak 2 contained the medium molecular weight frag-
ments, whereas peak 3 contained the fragments with
the lowest molecular weight. The pooled fractions repre-
senting each peak were then freeze-dried and stored at
room temperature in sealed containers until used.

2.5. Collection and recovery of by-products during further
purification of crude p-glucan as in Fig. 1

A study was performed to evaluate the effect of by-
product addition on the viscosity of the solution con-
taining purified B-glucan and medium molecular
weight fraction (Fig. 2 — peak 2) of hydrolysed barley
starch. Crude B-glucan was once again purified as
shown in Fig. 1. However, this time, the by-products,
[residue (R1), supernatant (S1) and filtrate (F1)] were

not discarded. The residue (R1) was mixed with milliQ
water (250 ml) and homogenized using a Polytron
instrument (Type PT 10-35, Brinkmann Instruments,
Westbury, NY) at medium speed for 2 min, frozen
immediately in liquid nitrogen and then freeze-dried.
The supernatant (S1) and filtrate (F1) were combined
(as they both would contain water/aqueous ethanol-
soluble components) and subjected to rotary evapora-
tion, frozen in liquid nitrogen and then freeze-dried
before storage in sealed containers at room
temperature.

2.6. Sample preparation for viscosity determination

Hydrolysed starch fraction (0.2 g) was weighed into a
screw capped glass tube, mixed with distilled water
(8.0 g) and completely dissolved by heating at 80 °C
for ~10-15 min. B-Glucan (60 mg, 0.75%, w/w) was then
added to the solution at 80 °C while stirring. When all
the B-glucan had dissolved (free of clumps), the solution
was cooled to room temperature and left to equilibrate
for 1 h. Viscosity measurements were then carried out
on the solutions (7.0 g) containing the B-glucan and
hydrolysed starch fraction. In a parallel experiment, in
order to evaluate the effect of heating, solutions contain-
ing the B-glucan and hydrolysed starch fractions were
heated (80 °C) while stirring for 15 min and then cooled
to room temperature.

For the study, which investigated the effect of adding
back the by-products generated during further purifica-
tion of crude B-glucan (Fig. 1), an amount of each by-
product equivalent to the amount that may have been
present in the crude B-glucan was accurately weighed
and added to the solution containing purified B-glucan
(0.75%, wiw) and medium molecular weight fraction of
hydrolysed barley starch (2.5%, w/w). The final weight
of the solution was 8 g. The solution was then gently
stirred for 2h at room temperature before viscosity
determination.

2.7. Determination of viscosity
The viscosities of the solutions prepared under vari-

ous conditions were determined, using a Universal Dy-
namic Rheometer, Paar Physica UDS 200 (Mebtecknik

Table 1

Proximate composition (% w/w, db) of crude and high purity barley B-glucan

Material B-Glucan Starch Protein Lipid Ash SDF* IDF®
Crude B-glucan concentrate 50.7£0.8 8.6x£0.11 5.6£0.01 0.07£0.0 0.43 £ 0.01 51.9+1.2 319%£1.3
High purity B-glucan concentrate 87.5+ 1.1 0.97 £0.01 1.8£0.0 0.05+ 0.0 0.32 +0.01 89.3+2.1 82%1.1

Values are means of duplicate determination + standard deviation.
@ SDF, soluble dietary fibre.
® IDF, insoluble dietary fibre.



Table 2
The influence of porcine pancreatic a-amylase-hydrolysed (at different time intervals) barley starch fractions™ on the viscosity of high purity (87.5%, w/w, purity) B-glucan solution (0.75%, w/w)
Time of hydrolysis Shear rate (1/s) Viscosity (mPa s)
Control® BG + HMWSFC€ BG + MMWSF€ BG + HMWSF€ BG + residue®
20°C 37°C 20 °C 37°C 20°C 37°C 20 °C 37°C 20°C 37°C
10 min 1.29 1070% 583° 1035° 560" 972° 5198 8834 5278 1035° 506"
12.9 676° 420° 659° 407" 630° 3838 5919 411 699* 395"
129 3092 220° 304 216% 296% 208° 288% 197¢4 2922 1904
0.5h 1.29 1070% 583¢ 969° 4768 958° 4648 1040° 514" 910¢ 453¢h
12.9 676° 4204 668° 375" 660° 369" 7022 396° 657° 365"
129 309° 220° 262° 182¢ 262° 1814 270° 1884 263° 182¢
1h 1.29 1070% 583° 9594 5098 1040° 552f ISP IS 999¢ 485"
12.9 676 4209 628° 381° 664° 406% IS IS 679% 383°
129 309% 220° 2983b 209° 310° 219° IS IS 265° 1844
5h 1.29 1070% 583¢ 1016° 552f 1031° 5398 8754 450 NSE NS
12.9 676 4204 627° 382° 636° 354f 555¢ 297¢ NS NS
129 309% 220¢ 303* 217° 254° 1754 240° 160° NS NS
5h 1.29 1150% 691° 1045° 580f 1110° 590f 1018¢ 5388 NS NS
(Heated @ 80 °C) 12.9 7542 5124 636° 384" 684° 395° 630° 3528 NS NS
129 2812 221° 256° 176° 266° 2184 257° 176° NS NS

The standard deviations of all determinations were within *10; Viscosity values followed by different superscripts in each row are significantly different (p < 0.05) by Tukey’s HSD test.

A Concentration of starch fraction in the solution was 2.5%, w/w.

B Control solution containing p-glucan (0.75%, w/w) plus gelatinized starch (2.5%, wiw).

€ Test solutions containing B-glucan (0.75%, w/w) and gel chromatographed starch fractions (2.5%, w/w) or residue (2.5%, w/w). HMWSF, MMWSF, LMWSF = high, medium and low molecular
weight starch fractions, respectively.

D IS, insufficient sample.

E'NS, no residue.

09

$9-9S (900Z) 96 C4pstudy) poo | v 12 (v "y



A. Faraj et al. | Food Chemistry 96 (2006) 56-65

GmnH Stuttgart, Germany). Six measurements were ta-
ken at shear rates of 1.29, 6.45, 129, 25.8, 64.5 and
129 57!, which corresponded to 1, 5, 10, 20, 50 and
100 rpm, respectively. The solutions were weighed (7 g)
directly into the rheometer measuring cup. All measure-
ments were made in duplicate and performed mostly at
room temperature (20 °C) and in some instances at
37 °C. The temperature of the samples was controlled
using a Peltier plate, which enabled the temperature of
the viscometer to be controlled to within 0.1 °C.

2.8. Effects of glucose, maltose and maltodextrins on the
viscosity of low and high purity p-glucan concentrates

Robyt and French (1970) and Robyt (1984) have
shown that the products of PAA hydrolysis are mainly
maltose, maltotriose and maltotetraose. Therefore, in
order to further understand the influences of glucose,
maltose and low molecular weight dextrins on the solu-
tion viscosities of low and high purity p-glucan concen-
trates, authentic samples (glucose, maltose, maltotriose
and maltodextrins) were obtained and investigated
according to the same procedures and identical concen-
trations as that used for the PAA hydrolysed starch
fractions.

2.9. Statistical analysis

All trials were performed at least in triplicate and
chemical analyses were performed in duplicate. Analysis
of variance of the data was performed using the general
linear model (GLM) procedure of SAS Statistical Soft-
ware Version 8 (SAS Institute, 2000). Multiple compar-
isons of the means were performed using Tukey’s test at
P < 0.05 level.

Table 3

61
3. Results and discussion
3.1. Proximate composition

Most purification protocols for B-glucan (Burkus &
Temelli, 1998; Dawkins & Nnanna, 1993; Lazaridou
et al., 20003; Vaikousi et al., 2004; Westerlund, Anders-
son, & Aman, 1993; Wood, Siddiqui, & Paton, 1978)
start with grain flour or bran as raw material and em-
ploy treatments with thermostable a-amylase and prote-
ase, followed by dialysis or alcohol precipitation, to
obtain a high purity B-glucan gum concentrate. In this
study, the preparation of high purity B-glucan concen-
trate was carried out using the low purity B-glucan con-
centrate (as raw material) obtained as described ecarlier
(Vasanthan & Temelli, 2002). The high purity pB-glucan
thus obtained had a purity of 87.5% (db), as shown in
Table 1. Preliminary studies in our laboratory showed
that the use of termamyl (a thermostable a-amylase) in
the preparation of low purity B-glucan concentrate
(50.7%, wiw) resulted in a B-glucan concentrate with
low residual starch (~5%, w/w). Also, o-amylase activity
in the concentrate was not detected, as the process in-
volved an enzyme inactivation step (boiling the fibre
slurry after acidifying to pH 3-3.5 for 15 min). In this
study, in order to ensure minimal starch content in
the high purity B-glucan, the low purity B-glucan was
treated with amyloglucosidase, which can be totally
inactivated by a simple heat treatment. The amyloglu-
cosidase treatment resulted in a gum with less than 1%
starch. The soluble (SDF) and insoluble (IDF) dietary
fibre content of the low purity B-glucan concentrate
was 51.9% and 31.9%, respectively. The purification
procedure used in this study increased the amount of
SDF to 89.3% (w/w), most of which was B-glucan
(87.5%, wiw).

The influence of PAA-hydrolysed (5 h) starch fractions on the solution® viscosity of crude low purity p -glucan concentrate®

Shear rate (1/s) Viscosity (mPa s)

Control© BG + HMWSFP BG + MMWSFP BG + HMWSFP

20°C 37°C 20°C 37°C 20°C 37°C 20°C 37°C
1.29 7520 * 60° 5970 + 42¢ 7960 + 11° 5770 * 40¢ 9840 + 41° 6840 + 70° 7920 + 13° 6040 + 16¢
6.45 3700 + 27° 2740 + 18¢ 3630 + 10° 2680 % 20¢ 4340 + 40* 3060 + 10° 3600 + 35° 2630 + 344
12.9 2340 * 16° 1860 + 11° 2320+ 7% 1830 + 5° 2470 * 30° 2000 + 30° 2300 + 13* 1800 * 17°
25.6 1410 + 10° 1180 + 8° 1420 + 6° 1170 +5° 1470 + 1# 1240 + 2° 1410 + 4° 1160 * 6°
64.5 710 * 4° 610 + 4° 710 + 3% 600 + 2° 730 £ 1# 620 + 1° 710 % 0° 600 + 1°
129 410 + 3% 350 +2° 420 22 360 + 2° 420 + 0° 370 + 1° 420 + 0* 360 + 0°

The viscosity values followed by different superscripts in each row are significantly different (p < 0.05) by Tukey’s HSD test.

A The B-glucan concentration of the solution is 0.75%, w/w.
B The B-glucan content of the concentrate is 50.7%, w/w.

€ Control solution containing B-glucan (0.75%, w/w) plus gelatinized starch (2.5%, wiw).
D HMWSF, MMWSFE, LMWSF = High, medium and low molecular weight starch fractions, respectively.
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3.2. Gel permeation chromatography of hydrolysed starch
fractions and their interaction with high- and low purity f3-
glucan

The starch hydrolysates collected at 10 min, 0.5 and
1 h gave a residue upon centrifugation, which was col-
lected separately and freeze dried. However, the hydro-
lysate collected at 5h, did not have any residue. The
effect of the hydrolysed starch fractions on the viscosity
of gelatinized starch plus high purity B-glucan solution
is presented in Table 2. The viscosity measurement at
37 °C, and at low shear rates, mimics the viscosity antic-
ipated in the human intestinal tract. While the measure-
ment at 20 °C (generally represents room temperature in
many places) mimics the expected viscosity in a food
product.

The viscosity of the solutions was higher at 20 °C
than at 37 °C (Table 2). This was expected as tempera-
ture inversely affects viscosity of most liquid materials
(Dawkins & Nnanna, 1995). The viscosity of the sam-
ples containing the hydrolysed starch fractions (low,
medium and high molecular weights) and/or residue plus
high purity B-glucan was generally lower than that of the
control which contained gelatinized non-hydrolysed
starch plus high purity (87.5%, w/w) B-glucan. In addi-
tion, the effects of heating (80 °C for 15 min) of the sam-
ples containing high purity (87.5%, w/w) B-glucan and
5h hydrolysate (no insoluble residue) fractions were
investigated. Heating of the samples containing frac-
tions from the 5 h hydrolysate slightly increased the vis-
cosity in all samples but did not influence the above
trend, i.e., the viscosity of the samples containing high
purity (87.5%, w/w) B-glucan plus 5 h hydrolysate-iso-
lated fractions was still lower than of the control. The
small increase in viscosity due to heating may be attrib-
uted to the improved solubilization of and interactions
among hydrolysed starch and B-glucan molecules. The
low and high molecular weight fractions resulting from
the action of o-amylase on barley starch for 5h did
not significantly influence the solution viscosity of low
purity (50.7%, w/w) B-glucan concentrate (Table 3).
However, significant increase in viscosity at low shear
rates was observed when the medium molecular weight
fraction was added to the low purity (50.7%, w/w) B-glu-
can concentrate. For instance, at a shear rate of 1.29 s~
the slurry containing the medium molecular weight frac-
tion had viscosities of 6840 and 9840 mPa s at 37 and
20 °C, respectively. The corresponding values for the
controls at 37 and 20 °C were 5970 and 7520 mPas,
respectively.

The slight reduction in viscosity upon addition of
hydrolysed starch fractions to high-purity (87.5%,
w/w) B-glucan (Table 2) may be attributed to the influ-
ence of sugar and/or dextrin molecules on network for-
mation, which is essential for viscosity development of
B-glucan in aqueous systems. The increase in viscosity

Table 4

The effects of glucose, maltose and dextrins on the viscosities of high purity B-glucan concentrate (0.75%, w/w: 87.51% purity)™

Viscosity (mPa s)
BG control®

20 °C

Shear rate (1/s)

Material

BG + maltodextrins

20 °C

BG + maltotriose

20 °C

BG + maltose

20 °C

BG + glucose

20 °C

37°C
534°

37°C
523¢

37°C
514°

37°C
530°

37°C
5834

991°

957°

974¢

995°

1070%

1.29

12.9
129.0

Unheated
1% wiw

344°

692%

3534

635°

357¢

641%°

3519

654°

4204

676

220° 2154 167" 253¢ 175 252¢ 174° 269° 1944¢
1104°¢ 1090°¢ 660°

309*
1150*

Fractions

630 1080%° 6258 1130°

641"
4014

6914

1.29

12.9
129.0

Heated®
1% wiw

716%° 4064 740% 400¢
2722

4114

72540

512¢ 701°

221°

754%

295% 197°

190°

189° 2754 192°

275%

281%

Fractions

Means at the specific temperatures (20 and 37 °C) within a row with different letters are significantly different (P < 0.05).

A The standard deviations of all determinations were within *10.

B Control solution-B-glucan (0.75%, w/w) plus gelatinized starch (2.5%, wi/w).

€ Heated to 80 °C for 15 min.
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(Table 3) in the sample that contained medium molecu-
lar weight hydrolysed starch fraction (resulting from the
action of a-amylase on barley starch for 5h) and low-
purity (50.7%, w/w) B-glucan suggested that there may
be a non-B-glucan component in the low purity (50.7%,
w/w) P-glucan concentrate that enhances p-glucan
network formation.

3.3. Effects of glucose, maltose and dextrins on the
viscosities of low and high purity p-glucan concentrates

The effects of glucose, maltose, maltotriose and
maltodextrins on the solution viscosities of high purity
B-glucan concentrate are presented in Table 4. The vis-
cosity of high purity B-glucan concentrate decreased
on the addition (2.5%, w/w) of glucose, maltose and
the dextrins. However, the viscosity decreased only
slightly when the control [B-glucan concentrate (0.75%,
w/w) plus gelatinized starch (2.5%, w/w)] and the -
glucan concentrate containing the added sugars were
heated for a short period of time (80 °C/15 min) and
then cooled to room temperature before viscosity
measurements.

Autio et al. (1987) and Dawkins and Nnanna (1995)
reported an increase in viscosity of aqueous B-glucan
solution with addition of sucrose. The sucrose concen-
trations (25% and 50%, w/v) used in their study were
much higher than that used in this study (2.5% w/w).
However, at higher sucrose concentrations (>65%), they
observed a decrease in viscosity of the B-glucan solu-
tions. Similar effects were reported by Elfak, Navarro,
Manzanares, Horta, and Carbonell (1977) for guar
and locust bean gum solutions, who suggested that the
added sugar at higher polymer concentration restricts
the hydration and extension of polymer molecules, caus-
ing a decrease in viscosity.

In this study, the viscosity of low purity (50.7%, w/w)
B-glucan concentrate increased slightly on the addition
(2.5%, wiw) of glucose, maltose and dextrins (Table 5).

Table 5

However, the extent of this increase was not significant
(at P <0.05).

3.4. The influence of isolated by-products on the solution
viscosity of purified B-glucan in the presence of the
medium molecular weight fraction of hydrolysed barley
starch

During the purification of crude B-glucan (Fig. 1),
the product (pure B-glucan and by-products) recovery,
based on the original weight of raw material (crude -
glucan), was 88% (w/w). The yields of purified B-
glucan and by-products [residue (R1), supernatant (S1)
and filtrate (F1)] were 54.5% (w/w), 26.2% (w/w) and
7.4% (w/w) (supernatant and filtrate were collected to-
gether), respectively. The purified B-glucan concentrate
had a B-glucan content of 87.5% (w/w). Proportionate
amounts of by-products (i.e. 26.2% for R1 and 7.4%
for S1 + F1) were added back to the solution contain-
ing purified B-glucan and medium molecular weight
fraction of 5h hydrolysed barley starch. The effect
of by-product addition on solution viscosity is pre-
sented in Table 6.

The control and the test solutions containing the
by-product fractions displayed pseudoplastic/shear-
thinning behaviour over the shear rates of 1.29—
129 s7!. Adding and mixing of the S1+ Fl fraction
into the control solution (during its preparation) in-
creased the viscosity (determined at 1.29s™') signifi-
cantly from 1031 to 1865 mPas. Viscosity of the
control solution was not influenced by the addition
of R1 fraction. However, a moderate but significant
increase in viscosity (from 1110 to 1360 mPas) was
observed when the R1 and SI1 + F1 fractions, were
added together to the control solution during its prep-
aration. Similar trends were also observed at a shear
rate of 12.9s~'. Interestingly, at a higher shear rate
(129 s7"), none of the byproducts influenced the vis-
cosity of the control solution. These results indicated

The effects of glucose, maltose and dextrins on the viscosities of low purity B-glucan concentrate (at 0.75%, w/w: 50.7% purity)*

Shear rate (1/s)  Viscosity (mPa s)

Control® BG + glucose® BG + maltose® BG + maltotriose® BG + maltodextrin®

20 °C 37°C 20 °C 37°C 20°C 37°C 20 °C 37°C 20 °C 37°C
1.29 79406  6270£8 81009 6360+ 10 816021 652010 8050+ 14 6250£10 8200%x10 6660 + 10
6.45 38803 28605 3730x3 28402 3790 + 6 30305 3670 28 2870+ 6 3960 £20 30205
12.9 24502 19405 23702 1900 =1 25202 20205 2310+ 2 1870 £ 3 2510 £ 4 2030 £ 4
25.8 1480 +1 1230£2 14500 1200 %2 1530+ 1 1280 +2 1390 £ 6 1170 £ 5 1520+ 1 1280 £ 5
64.6 730 £ 1 620 £ 1 7300 620+ 0 770 £ 0 660+ 0 700 0 600 + 5 760 £ 0 650+ 1
129 430+ 0 370 £ 0 4300 370 £ 0 450+ 0 390+ 0 4100 350+ 0 4500 390 + 10

At a given shear rate and specific temperature the viscosities of the interaction between B-glucan and glucose, maltose and dextrins were not

significantly different (P > 0.05).
& Means of duplicate determinations * standard deviation.

® Control solution containing p-glucan (0.75%, w/w) plus gelatinized starch (2.5%, wiw).

¢ Glucose, maltose and dextrins concentrations — 2.5%, w/w.
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Table 6

The influence of by-products isolated during purification of p-glucan® on the viscosity of purified p-glucan® in the presence of the medium molecular

weight PAA-hydrolysed barley (CDC Candle) starch fraction

Shear rate (1/s) Viscosity (mPa s)

By-product fractions®
Control© Supernatant Residue Residue + supernatant
1.29 1031 + 10° 1865 + 20* 1165 +20° 1360 + 23°
129 636 £ 5° 795 + 5¢ 648 £ 8° 71774
129 254+ 1 262+ 1 260 %2 265+ 2
Values are means of duplicate determinations * standard deviations.
A See Fig. 1
B 0.75%, wiw.

€ Control = high purity p-glucan concentrate (0.75%, w/w) plus medium molecular weight fraction of 5 h hydrolysed barley starch (2.5%, w/w).

that the third non-B-glucan component that enhances
solution viscosity mainly exists in the S1 + F1 fraction
of the byproducts. In addition, the viscosity-enhancing
property of this component disappeared at shear rates
exceeding 12.9s7 .

Carriere and Inglett (1999) investigated the rheologi-
cal properties of several B-glucan/amylodextrin blends
(Oatrim®). The Oatrim® blend, with 10% pB-glucan by
weight, exhibited shear-thickening behaviour at 25 °C
above a critical shear rate of 30 s~!; however, an Oatrim®
with 5% B-glucan did not show any shear-thickening.
Furthermore, when the B-glucan content was increased
to 24%, two regions of shear-thickening were observed
in the Oatrim® blend, with critical shear rates of 30 and
100 s~'. The authors concluded that the shear-thickening
regions are due, in part, to a complex interaction between
B-glucan and amylodextrin components of Oatrim® at or
above a critical level of B-glucan. Their results support
our findings that low purity B-glucan interacts with
o-amylase hydrolytic products to enhance solution
viscosity.

4. Conclusions

The influence of PAA-hydrolysed barley starch
fractions (low, medium and high molecular weight)
on the viscosity of low and high purity B-glucan was
studied. Significant changes in viscosity were not ob-
served when the hydrolysed fractions were added to
high purity B-glucan. However, the viscosity of the
low purity B-glucan increased significantly in the pres-
ence of the medium molecular weight hydrolysed frac-
tion, but remained unchanged in the presence of the
low and high molecular weight fractions. This sug-
gested that some non-B-glucan components (removed
during further purification) in the low purity p-glucan
may have been the causative factor responsible for the
increase in viscosity observed on the addition of med-
ium molecular weight hydrolysed starch fraction to
low purity B-glucan.
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