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ABSTRACT: This study was performed to investigate changes in the content and purity, as well as physical characteristics 
of -glucan extracted from acid hydrolyzed whole grain barleys. Waxy and non-waxy barleys (Hordeum vulgare) were hy-
drolyzed with different concentrations of HCl (0.1~0.5 N) for 1 h. As the HCl concentration increased, the contents of 
total and soluble -glucan from acid hydrolyzed barley decreased. However the ratio of soluble/total -glucan content and 
purities of -glucan significantly increased. The ratio of -(1→4)/-(1→3) linkages, molecular weight, and viscosity of 
soluble -glucan of raw barleys were 2.28~2.52, 6.0~7.0×105 g/mol, and 12.8~32.8 centipoise (cP). Those of isolated 
soluble -glucan were significantly decreased to 2.05~2.15, 6.6~7.8×103 g/mol, and 3.6~4.2 cP, respectively, with in-
creasing acid concentration. The re-solubility of raw barley -glucan was about 50%, but increased to 97% with increas-
ing acid concentration. Acid hydrolysis was shown to be an effective method to produce -glucan with high ratio of solu-
ble -glucan content, purity, water solubility, and low viscosity.
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INTRODUCTION

Cereal -glucan is a major structural polysaccharide 
composed of D-glucose with -(1→3) and -(1→4) gly-
cosidic linkages in the endospermic cell walls of oats, 
barley, and other cereals (1). Naked barley and unhulled 
barley contain approximately 2∼8% -glucans (2-4). 
The -glucan content of waxy barley is approximately 
1.0∼2.5% higher than that of non-waxy barley (3), and 
waxy barley has been suggested to be a major dietary 
source of -glucan (5). The average soluble -glucan 
content of barley has been recorded at 30%, with a range 
of 20 to 50% as percentage of total -glucan but varies 
depending on barley variety, growing environment, mill-
ing ratio, and extraction conditions (2-5). Soluble barley 
-glucan, as a cereal soluble dietary fiber, is known to 
reduce post-prandial blood glucose levels (6), blood cho-
lesterol levels (7), and improves serum lipid profiles (8). 
However, the potential food applications of -glucans 
are still limited to cereal-based products because of 
-glucan’s unique physical properties, such as high vis-

cosity and low solubility, which causes poor wort sepa-
ration and difficulties in beer filtration. Problems also 
occur in sauces, salad-dressings, and ice-cream for-
mulations, and formation of undesirable precipitates 
may occur (9-11). Since the molecular weight of a poly-
mer is an important factor affecting viscosity, several 
methods have been used for -glucan depolymerization, 
including enzymatic hydrolysis (8,12) and physical treat-
ments (9,13,14). Although these methods have been ef-
fective in -glucan depolymerization, they have their 
own disadvantages such as a high cost, low yield, long 
processing time and the need to dispose of wastes 
(15,16).

Acid hydrolysis using hydrochloric acid, sulphuric 
acid, phosphoric acid or nitric acid can quickly and effi-
ciently degrade -glucan without requiring pre-treat-
ment to break down the glycosidic bond of the poly-
saccharide, which is required for enzymatic/physical hy-
drolysis (17). Müller et al. (18) reported that acid hy-
drolysis of yeast -glucan using HCl, acetic acid, formic 
acid, or phosphoric acid decreased both the molecular 
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weight and viscosity; among acids studied, HCl showed 
superior depolymerisation abilities. Acid hydrolysis us-
ing HCl or sulphuric acid is generally carried out at con-
centrations of 1∼10% and temperatures of 100∼150oC. 
Under these conditions, the functionality of -glucan as 
soluble dietary fiber is limited because the polysaccha-
ride is largely hydrolyzed to glucose (17). Other workers 
have reported that excessive acid hydrolysis produces 
by-products such as furfural, aldehyde and acetic acid 
(19). Appropriate acid-hydrolysis conditions are neces-
sary for depolymerization because acid use results in a 
large amount of salt produced after neutralisation.

Research for improving the physical properties and 
solubility of barley -glucan by acid hydrolysis is needed 
because the high molecular weight and viscosity of 
-glucan currently limits its industrial use (9-11). Many 
researches have reported that acid hydrolysis decreases 
the molecular weight and viscosity of -glucan. However, 
these studies performed acid hydrolysis on extracted and 
purified -glucan or the -glucan rich-fraction from bar-
ley bran. Also, few studies investigated changes in con-
tent and purity of -glucan from whole grain barley after 
acid hydrolysis.

The aim of the present study was to investigate the 
changes in the content and purity of total and soluble 
-glucan from three acid-hydrolysed whole grain barley 
varieties under different concentrations of hydrochloric 
acid and to evaluate the physical characteristics of solu-
ble -glucan.

MATERIALS AND METHODS

Materials
Whole grain barley was grown and harvested in 2010 
(winter barleys), and obtained from the Division of Rice 
and Winter Cereal Crop, National Institute of Crop 
Science, Iksan, Korea. The varieties Saessal, Saechal, and 
Hinchal, recommended cultivars, were milled (Micro 
hammer cutter mill type-3; Culatti AG, Zurich, Switzer-
land) to a particle size of ＜180 m and stored at −18oC 
before acid hydrolysis.

Acid hydrolysis
For acid hydrolysis, 5 g of barley powder was dissolved 
in 100 mL of HCl (Samchun Chemical, Pyeongtaek, 
Korea) under different concentrations of 0.1∼0.5 N. 
Samples were subjected to hydrolysis at 50oC for 60 min 
using a shaking water bath (JSSB-30T; JS Research Inc., 
Gongju, Korea). The samples were then cooled to room 
temperature and neutralized with 1.0 N NaOH. The ex-
tract was centrifuged at 3,500 rpm for 15 min, and then 
freeze-dried (MCFD, Ilshin BioBase Co., Ltd., Dongdu-
chun, Korea).

Extraction of -glucan
Extraction of -glucan from hydrolyzed barley powders 
was carried out using the methods of Wood et al. (1) for 
the extraction of total -glucan. An amount of 250 mL of 
1.0 N NaOH was added to the hydrolyzed solution and 
extracted at 65oC for 60 min using a shaking water bath. 
After, samples were quickly cooled to room temperature 
and neutralised (pH 6.5) with 1 N HCl. The extract was 
centrifuged at 3,500 rpm for 15 min (4ºC), and then 250 
L of heat stable -amylase (A3306; Sigma-Aldrich Co., 
St. Louis, MO, USA) and 175 mg of calcium chloride 
(C1016; Sigma-Aldrich Co.) were added to the su-
pernatant. The supernatant was then incubated at 95oC 
for 60 min with shaking (150 rpm) and cooled to room 
temperature; then, the pH was adjusted to 4.5 with 1.0 
N HCl. The supernatant was again centrifuged at 3,500 
rpm for 15 min and the pellet was discarded. Ethanol 
was added to equal 80% of the final concentration and 
kept overnight at 4oC. Total -glucan was then obtained 
using centrifugation at 3,500 rpm for 15 min. For the 
extraction of soluble -glucan, 250 mL of deionised wa-
ter was added to the hydrolysed solution and then ex-
tracted using the same method as the total -glucan ex-
traction procedure. Total and soluble -glucan were re-
suspended in water and washed with 100% ethanol 
twice and centrifuged again, after which the pellets were 
homogenised (20,000 rpm; IKA Laboratory, Staufen, 
Germany) in water and freeze-dried.

Measurement of -glucan purity
The purity of isolated soluble -glucan was measured ac-
cording to the method of McCleary and Glennie-Holmes 
(4) using the -D-glucan enzymatic assay kit (Megazyme 
International Ireland Ltd., Wicklow, Ireland.). A 100 mg 
dried soluble -glucan powder was transferred into a 
test tube and followed by adding 0.2 mL of 50% (v/v) 
ethanol and 4.0 mL of 20 mM sodium phosphate buffer 
(pH 6.5). The contents were then vortexed to produce a 
homogenous solution. The tubes were incubated in a 
boiling water bath for 3 min followed by cooling to 
50oC. The enzyme, lichenase (10 U), was added and 
tubes were incubated for 60 min at 50oC with inter-
mittent vortexing. Then 5.0 mL of 200 mM sodium ace-
tate buffer (pH 4.0) was added to terminate the enzyme 
reaction and samples was centrifuged at 4,000 rpm for 
10 min. The supernatant (0.1 mL) was transferred to 
three test tubes. Then 0.1 mL of 50 mM sodium acetate 
buffer (pH 4.0) was added to one of these tubes (reac-
tion blank), while in the other two tubes, 0.2 U -gluco-
sidase was added. All three were incubated at 50oC for 
10 min. After incubation, 3.0 mL of glucose oxidase/per-
oxidase (GOPOD) reagent was added in all tubes and in-
cubated at 50oC for 20 min. A spectrophotometer (UV- 
1650 PC; Shimadzu, Kyoto, Japan) was used to measure 
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absorbance at 510 nm. 

Ratio of -(1→4)/(1→3) linkages determination
The ratio of cellulosic oligomers in the chain of -glu-
cans was determined by lichenase and -glucosidase 
treatment (1). -Glucan powders were dissolved in buf-
fer solution (25 mg/mL, 20 mM sodium phosphate buf-
fer, pH 6.5) and incubated with lichenase (10 U/mL, 
Megazyme International Ireland Ltd.) for 1 h at 50oC. 
Then 5.0 mL of 200 mM sodium acetate buffer (pH 4.0) 
was added to terminate the enzyme reaction and tubes 
were centrifuged at 13,000 rpm for 15 min. The super-
natants (1.0 mL) were incubated with exo-(1→3)-glu-
canse (1 U/mL, Sigma-Aldrich Co.) for 1 h at 50oC. The 
digests were heated to 95oC (15 min) to inactivate the 
enzyme and the supernatants were reacted with GOPOD 
determining reagent and measured at 510 nm for analy-
sis of total glucose contents from the -glucans. In an-
other experimental, 1.0 mL of the supernatant was 
transferred to three separate test tubes. Then 0.1 mL of 
50 mM sodium acetate buffer (pH 4.0) was added to the 
first tube (reaction blank). In the other two tubes, -glu-
cosidase (5 U/mL) was added and tubes were incubated 
at 50oC for 20 min. After incubation, 3.0 mL of GOPOD 
determining reagent was added to all tubes and in-
cubated at 50oC for 20 min. A spectrophotometer was 
used to measure absorbance at 510 nm for analysis of 
glucose contents from -(1→3)-glucans.

Average molecular weight 
Measurements of the average molecular weight of iso-
lated soluble -glucan were carried out using the meth-
od of Kim and Ryu (20). Gel permeation chromatog-
raphy (GPC) was performed at room temperature using a 
high-performance liquid chromatography system (Acme 
9000 HPLC system; Younglin Instrument Co., Anyang, 
Korea) with an YMC Diol-300 size exclusion column 
(300×4.6 mm I.D., particle size 5 m, pore size 30 nm; 
YMC Co. Ltd., Kyoto, Japan) and a refractive index de-
tector (RI 750F; Younglin Instrument Co.). The flow 
rate of the mobile phase (deionized water) was 0.5 
mL/min and the injection volume of 20 L at a concen-
tration of 1.0% (w/v). Pullulan standards (Mw range, 
5,900∼708,000 g/mol; Showa-Denko, Tokyo, Japan) 
were used to calibrate the method. The regression equa-
tion of interpolation was

y = −1.601x+8.453

where y is log molecular weight and x is retention time, 
respectively, and coefficient determination was 0.995.

Apparent viscosity and resolubility
For apparent viscosity measurements, 0.25∼2.00% 

(w/v, dry basis) -glucan solution was prepared by heat-
ing at 95oC for 30 min. Viscosity was measured at room 
temperature using a viscometer (DV-II; Brookfield Engi-
neering Laboratories, Middleborough, MA, USA) with 
the S01 spindle at 100 rpm (21). Re-solubility of iso-
lated soluble -glucan was carried out using a centrifu-
gal method (22). An amount of 0.5 g of the -glucan 
was put into a centrifuge tube with a cap, then 50 mL of 
deionized water added followed by incubating at 50oC 
for 12 h and centrifugation at 12,000 rpm for 10 min. 
The pellet was dried at 105oC for 2 h. The weight of the 
dried soluble -glucan was obtained in the form of a 
pellet.

Statistical analysis
The results are reported as the mean±standard devia-
tion (n=3). The significance of differences among treat-
ment means was determined using one-way analysis of 
variance (ANOVA), calculated by SPSS version 12 (SPSS 
Institute, Chicago, IL, USA), with a significance level of 
P＜0.05 by Duncan's multiple range test.

RESULTS AND DISCUSSION

Total, soluble, and insoluble -glucan contents
The contents of total, soluble and insoluble -glucan 
from acid hydrolyzed barley using different concen-
trations of HCl are shown in Table 1. Total -glucan 
content of raw Saessal was 8.41%, and the content sig-
nificantly decreased to 1.21% as the HCl concentration 
increased from 0.1 N to 0.5 N. The total -glucan con-
tents of raw Saechal and Hinchal were initially 7.77% and 
8.24%, respectively; however, these contents decreased 
to 2.19% and 2.24%, respectively, after acid hydrolysis 
(P＜0.05). In similar studies, the total -glucan content 
of barley ranged from 2% to 8% and varied by cultivar, 
growing environment, milling ratio and extraction con-
ditions (2-4,23,24). The soluble -glucan contents be-
fore hydorlysis of raw Saessal, Saechal, and Hinchal were 
4.83%, 4.18%, and 4.61%, respectively; however, these 
values decreased significantly to 1.08%, 1.77%, and 
1.72% when the HCl concentration used was 0.5 N. The 
soluble -glucan content of barley ranged from 1.68% to 
3.13% (24), and on average, 54% of the total -glucan in 
barley was soluble (2). In other studies, acid hydrolysis 
has been noted to decrease the degree of polymerisation 
of oat -glucan by destroying the glycosidic bond of the 
polysaccharide, resulting in increased proportions of glu-
cose, cellobiose, laminaribiose, and cellobiose (17). When 
whole grain oats were acid-hydrolysed, the total and 
soluble -glucan contents decreased with a decreasing 
degree of -glucan polymerization (25). In the case of 
solubility, the ratio of soluble to insoluble -glucan was 
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Table 1. The content of total, soluble, and insoluble -glucan from three acid-hydrolyzed barley varieties with different concen-
trations of HCl

Varieties
HCl 

concentration 
(N)

Total -glucan 
(%)

Soluble -glucan Insoluble -glucan

(%) (% of total) (%) (% of total)

Saessal Control 8.41±0.12a 4.83±0.13a 57.43d 3.58a 42.57a

0.1 6.21±0.21b 3.57±0.11b 57.49d 2.64b 42.51a

0.2 5.45±0.17c 3.44±0.09b 63.13c 2.01c 36.87b

0.3 2.22±0.11d 1.57±0.05c 70.76b 0.65d 29.24c

0.4 1.78±0.08e 1.54±0.07c 86.52a 0.24e 13.48d

0.5 1.21±0.05f 1.08±0.08d 89.18a 0.13e 10.82d

Saechal Control 7.77±0.29a 4.18±0.09a 53.81e 3.59a 46.18a

0.1 7.24±0.17b 3.98±0.12b 54.97e 3.26b 45.03a

0.2 5.78±0.08c 3.27±0.11c 56.56d 2.51c 43.44b

0.3 4.12±0.11d 2.87±0.07d 69.66c 1.25d 30.34c

0.4 2.84±0.08e 2.14±0.09e 75.33b 0.70e 24.67d

0.5 2.19±0.09f 1.77±0.08f 80.81a 0.42f 19.19e

Hinchal Control 8.24±0.11a 4.61±0.24a 55.93e 3.63a 44.07a

0.1 7.44±0.12b 4.24±0.13b 56.98e 3.20b 43.02a

0.2 6.17±0.10c 3.78±0.11c 61.25d 2.39c 38.75b

0.3 4.45±0.12d 2.89±0.08d 64.94c 1.56d 35.06c

0.4 2.81±0.09e 1.94±0.11e 69.00b 0.87e 30.99d

0.5 2.24±0.10f 1.72±0.05e 76.82a 0.52f 23.18e

Saessal as non-waxy barley, Saechal and Hinchal as waxy-barley.
Results are expressed as the average of triplicate samples with mean±SD (n=3).
Any means within the same barley varieties followed by the different letters (a-f) are significantly different (P＜0.05) by Duncan’s
multiple range test

Table 2. Purity and content of -glucan from three acid-hydrolyzed barley varieties with different concentrations of HCl

Varieties
HCl 

concentration 
(N) 

Purity of -glucan Content of purified -glucan

Total (%) Soluble (%) Total -glucan
(%) 

Soluble -glucan 

(%) (% of total)

Saessal Control 45.26f 35.79f 3.81a 1.93a 45.40e

0.1 47.42e 42.50e 3.07b 1.73b 51.52d

0.2 56.31d 55.96d 2.95b 1.52c 62.73c

0.3 62.48c 64.23c 1.39c 1.11d 72.74b

0.4 72.45b 72.10b 1.29c 1.01d 86.11a

0.5 74.46a 74.37a 0.90d 0.80e 89.10a

Saechal Control 42.69f 30.68f 3.78a 2.09a 38.68f

0.1 52.41e 47.00e 3.62b 1.91b 49.31e

0.2 62.72d 63.86d 3.32c 1.87b 57.62d

0.3 68.40c 66.63c 2.82d 1.64c 67.86c

0.4 76.76b 76.58b 2.18e 1.46d 75.15b

0.5 85.47a 82.35a 1.87f 1.28e 77.87a

Hinchal Control 44.15f 34.95f 3.64a 2.38a 44.26a

0.1 46.35e 48.45e 3.45b 2.06b 59.55b

0.2 53.38d 63.08d 3.30c 1.89c 68.95c

0.3 61.64c 65.44c 2.74d 1.61d 72.39d

0.4 71.19b 75.37b 2.00e 1.46e 73.04d

0.5 75.09a 76.21a 1.68f 1.31f 77.96e

Saessal as non-waxy barley, Saechal and Hinchal as waxy-barley.
Any means within the same barley varieties followed by the different letters (a-f) are significantly different (P＜0.05) by Duncan’s
multiple range test.

higher for Saessal (1.35) than for Saechal (1.16) or Hin-
chal (1.27). Furthermore, solubility increased to 6.75, 
4.21, and 3.31, respectively, when the HCl concentration 
increased to 0.5 N.

Purity of -glucan
The purity of acid hydrolyzed barley, total and soluble 
-glucan with different concentrations of HCl is shown 
in Table 2. The initial purity of raw Saessal -glucan was 
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Table 4. Average molecular weights of soluble -glucan from three acid-hydrolyzed barley varieties with different concentrations 
of hydrochloric acid (HCl)    (unit: g/mol)

HCl concentration 
(N)

Average molecular weight

Saessal Saechal Hinchal
Control 603,628±4,341Ca 696,996±5,012Aa 669,169±5,543Ba

0.1 182,530±3,017Ab 173,334±10,141Ab 171,498±2,466Ab

0.2 90,221±1,989Bc 97,873±1,408Ac 99,331±3,744Ac

0.3 43,749±1,258Bd 48,843±1,069Ad 48,853±1,607Ad

0.4 15,906±132Be 19,497±1,619Ae 17,590±146Ae

0.5 6,647±96Cf 7,751±234Af 7,351±106Bf

Saessal as non-waxy barley, Saechal and Hinchal as waxy-barley.
Results are expressed as the average of triplicate samples with mean±SD (n=3). 
Different capital letters (A-C) and small letters (a-f) in the same items indicate significant differences (P＜0.05) among different 
barley varieties and concentrations of hydrochloric acid by Duncan's multiple range test, respectively.

Table 3. Ratio of -(1→3) to -(1→4) linkages in soluble -glu-
cans from three acid-hydrolyzed barley varieties with different 
concentrations of HCl

HCl 
concentration 

(N)

Ratio of -(1→3) to -(1→4) linkages

Saessal Saechal Hinchal

Control 2.28±0.01aB 2.52±0.01aA 2.48±0.01aA

0.1 2.22±0.01bB 2.43±0.02bA 2.41±0.01bA

0.2 2.19±0.02bcB 2.35±0.01cA 2.32±0.01cA

0.3 2.17±0.01bcB 2.26±0.01dA 2.21±0.00dAB

0.4 2.12±0.01cB 2.21±0.00dA 2.18±0.01dA

0.5 2.05±0.01dB 2.15±0.01eA 2.13±0.01eA

Saessal as non-waxy barley, Saechal and Hinchal as waxy- 
barley.
Results are expressed as the average of triplicate samples with 
mean±SD (n=3). 
Different capital letters (A,B) and small letters (a-e) in the same 
items indicate significant differences (P＜0.05) among different 
barley varieties and concentrations of hydrochloric acid by 
Duncan's multiple range test, respectively.

35.79%, which significantly increased to 74.37% at 0.5 
N HCl. It was also noted that the purities of raw Saechal 
and Hinchal -glucan were 30.68% and 34.95%, respec-
tively, before hydrolysis, but significantly increased to 
82.35% and 76.21%, respectively, after acid hydrolysis. 
The main factors affecting -glucan purity have been re-
ported to be protein and starch, along with proteins 
originating in the storage protein that are mainly and 
strongly associated with polysaccharides such as -glu-
can and arabinoxylan (1,26,27). Wood et al. (1) reported 
that crude -glucan contained 5∼20% of protein and 
2∼3% of starch, while Kim et al. (26) reported that the 
purities of crude -glucan of non-waxy and waxy barley 
were 59.15% and 62.91%, respectively, in samples that 
contained considerable amounts of protein and starch. 
However, the purity of secondarily purified -glucan in-
creased to 99.60% and 99.70%, respectively, by ammo-
nium sulphate/acetone precipitation and enzymatic hy-
drolysis. By increasing the acid concentration of hydrol-
ysis, the purity of the -glucan increased because starch 
was decomposed into mono- and disaccharides, and pro-
tein was precipitated and removed by acid denaturation 
(27).

Ratio of -(1→4)/(1→3) linkages
Changes in the ratio of -(1→4)/(1→3) linkages of solu-
ble -glucan from acid hydrolysis of the three barley va-
rieties with different concentrations of HCl are shown in 
Table 3. The ratio of -(1→4)/(1→3) linkages of soluble 
-glucan of raw Saessal was initially at 2.28, but sig-
nificantly decreased to 2.05 with 0.5 N HCl. The ratio of 
-(1→4)/(1→3) linkages of raw Saechal and Hinchal - 
glucan were 2.52 and 2.48, respectively, before acid-hy-
drolysis; however, those significantly decreased to 2.15 
and 2.13 after acid hydrolysis. The ratio of -(1→4)/ 
(1→3) linkages of waxy barley -glucan was higher than 
that of non-waxy barley -glucan. In several studies, the 
ratio of -(1→4)/(1→3) linkages of soluble -glucan 
from barley were 2.1∼2.6 and were shown similar value 

between barley and oats (1), and varied by cultivar, ex-
traction conditions, content and molecular weight of 
-glucan. Similar values were also reported by Choi et al. 
(5) who found that the ratio of -(1→4)/(1→3) linkages 
of waxy barley was higher than that of non-waxy barley 
at 2.74 and 2.85, respectively. The ratio of -(1→4)/ 
(1→3) linkages of oat -glucan decreased from 2.20 to 
2.07 with increasing the acid-hydrolysis time (2). The ir-
regularly-spaced (1→3)-linkages interrupt the relatively 
rigid, ribbon-like (1→4)--glucan conformation and con-
fer a flexibility and irregular-shape on the barley (1→3), 
(1→4)--D-glucan, consistent with its solubility in wa-
ter (28).

Average molecular weight of soluble -glucan
The average molecular weight of soluble -glucan of raw 
Saessal was 603,628 g/mol, but significantly decreased to 
6,647 g/mol as concentrations of HCl increased to 0.5 N 
(Table 4). The initial average molecular weight of raw 
Saechal and Hinchal -glucan were 696,996 g/mol and 
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Fig. 1. Changes in apparent viscosity of acid-hydrolysed barley 
soluble -glucan with different concentrations of hydrochloric 
acid. Saessas is a non-waxy barley, Saechal and Hinchal are 
waxy-barleys.

669,169 g/mol, respectively, however, those significant-
ly decreased to 7,751 g/mol and 7,351 g/mol after acid 
hydrolysis. Waxy barley -glucan had higher molecular 
weight than non-waxy barley. In several studies, the 
average molecular weight of soluble -glucan from bar-
ley was 1.0∼5.7×105 g/mol (29), 1.3∼2.5×105 g/mol 
(30), 2.1∼2.9×105 g/mol (31) and 4.0∼7.7×105 g/mol 
(20), and varied by cultivar, -glucan content, growing 
environment and extraction conditions. Similar values 
were also reported by Choi et al. (5) who found that the 
molecular weight of waxy barley was higher than that of 
non-waxy barley at 625,900 g/mol and 798,600 g/mol, 
respectively. Acid hydrolysis accelerated the decrease in 
the molecular weight of barley and oat -glucan because 
the glycosidic bond of -glucane was destroyed (17). 
When alginate and chitosan were treated with acid, 
high-molecular-weight substances were converted to 
lower molecular weights, and the polymer distribution 
was increased with acid hydrolysis (31,32).

Viscosity of soluble -glucan
The viscosity of soluble -glucan solution significantly 
decreased as concentrations of HCl increased (Fig. 1). 
The viscosity of soluble -glucan solution for raw Saessal 
was 12.8 centipoise (cP), and significantly decreased to 
3.6 cP at 0.5 N HCl concentration (P＜0.05). The initial 
viscosities of soluble -glucan solution from raw Saechal 
and Hinchal were 32.8 and 26.8 cP, respectively, which 

significantly decreased respectively to 4.2 and 3.8 cP af-
ter acid hydrolysis (P＜0.05). Viscosity declined rapidly 
with high concentrations of -glucan solution. Viscosity 
of soluble -glucan from waxy barley was higher than 
that of non-waxy barley, and similarly, the viscosity of 
Saechal was higher than that of Hinchal (5). -Glucan is a 
high-molecular-weight substance, and the viscosity of 
-glucan is affected by various factors, such as concen-
tration of the solution, molecular weight and molecular 
distribution (1). Other studies have shown that as oat 
-glucan was hydrolysed with acid, both its molecular 
weight and viscosity decreased (17,33), which is con-
sistent with other studies on alginate and chitosan 
(31,32).

The relationship between molecular weight and vis-
cosity of acid-hydrolysed soluble -glucan using differ-
ent concentrations of HCl were shown in Fig. 2. The co-
efficient of determination (R2) of Saessal, Saechal, and 
Hinchal were 0.947, 0.987, and 0.980, respectively. In 
many studies, positive correlation between molecular 
weight and viscosity of -glucan has been reported, and 
Tosh et al. (33) reported that the coefficient of determi-
nation (R2) between molecular weight and viscosity of 
-glucan was 0.991. The viscosities of acid-hydrolysed 
soluble -glucan were highly concentration dependent 
(Table 5). The regression slopes decreased with increas-
ing HCl concentrations for hydrolysis. These results in-
dicate that viscosities decrease with increasing HCl con-



116  Lee et al.

Fig. 3. Changes in re-solubility of acid-hydrolysed barley soluble 
-glucan with different concentrations of hydrochloric acid. 
Saessal is a non-waxy barley, Saechal and Hinchal are waxy- 
barleys. 1)Any means followed by the different letters (a-e) are 
significantly different (P＜0.05) by Duncan's multiple range test.

Table 5. Regression equation and coefficient of determination 
between log viscosity and concentration of soluble -glucan 
from three acid-hydrolyzed barley varieties with different con-
centrations of hydrochloric acid (HCl)

Varieties
HCl 

concentration 
(N)

Regression 
equation1)

Coefficient 
of determi-
nation (R2)

Saessal Control y=0.471x＋0.569 0.989 
0.1 y=0.468x−0.078 0.984 
0.2 y=0.430x−0.092 0.966 
0.3 y=0.368x−0.078 0.940 
0.4 y=0.288x−0.049 0.909 
0.5 y=0.294x−0.000 0.931 

Saechal Control y=0.468x＋0.477 0.985 
0.1 y=0.403x＋0.327 0.944 
0.2 y=0.359x＋0.341 0.966 
0.3 y=0.380x＋0.259 0.927 
0.4 y=0.437x＋0.144 0.860 
0.5 y=0.245x＋0.080 0.744 

Hinchal Control y=0.478x＋0.197 0.912 
0.1 y=0.349x＋0.324 0.958 
0.2 y=0.351x＋0.188 0.953 
0.3 y=0.345x＋0.095 0.914 
0.4 y=0.421x−0.096 0.945 
0.5 y=0.280x−0.071 0.826 

Saessal as non-waxy barley, Saechal and Hinchal as waxy- 
barley.
1)y, Log viscosity (cP); x, concentrations of -glucan (%, w/v).

Fig. 2. Relationship between molecular weight and viscosity of 
acid-hydrolysed soluble -glucan with different concentrations 
of hydrochloric acid. Saessal is a non-waxy barley, Saechal and 
Hinchal are waxy-barleys.

centrations because of the lower molecular weights of 
-glucan (17). Also, the coefficient of determination 
(R2) for this relationship for Saessal, Saechal, and Hinchal 
were 0.989, 0.985, and 0.912, respectively. This was ex-
pected because content and viscosity of soluble -glucan 
are related. These results are agreement with Bhatty 
(34) who reported a correlation of 0.91 between vis-
cosity and soluble -glucan content in 15 genotypes of 
barley.

Re-solubility of soluble -glucan
The re-solubility of hydrolyzed -glucan solution using 

different concentrations of HCl is shown in Fig. 3. The 
re-solubility of soluble -glucan from raw Saessal was 
50.00%, which increased (significantly) to 84.59% (P＜ 

0.05). The re-solubilities of soluble -glucan from raw 
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Saechal and Hinchal were 51.04% and 55.90%, respect-
ively, before hydrolysis; however, these figures increased 
significantly to 96.84% and 95.17%, respectively, after 
acid hydrolysis (P＜0.05; Fig. 3). Varum and Simidsrod 
(35) and Beer et al. (30) reported that purified high-mo-
lecular-weight -glucan did not dissolve completely at 
60oC for 3 h or at 80oC for 0.5∼1 h and that -glucan 
obtained by ethanol precipitation had difficulties in 
re-dissolving. However, in this study, the re-solubility of 
-glucan increased with an increasing of concentration 
of HCl. This occurred because the breakdown and depo-
lymerisation of a polysaccharide such as -glucan by acid 
hydrolysis may induce the production of low-molec-
ular-weight substances, thereby increasing purity and 
decreasing viscosity, ultimately leading to an increase in 
the re-solubility (31,32).
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