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Abstract

B-glucan content of barley cultivars collected from various areas of China, as well as from Canada and Australia, were assayed
by an enzymatic method. Meanwhile a multi-location trial was conducted to determine B-glucan content of eight barley cultivars in
each location. For 164 cultivars, originating from China, B-glucan content ranged from 2.98% for Sumei 21 to 8.62% for QB25,
with a mean of 4.58%. Tibet barleys, all of the hull-less type, had the highest B-glucan content. Winter barley cultivars from various
areas of China had basically the same B-glucan content as those from Canada and Australia. The seeds produced in Hangzhou had
lower B-glucan contents than those produced locally. The effects of cultivars, environments (locations) and their interactions on 3-
glucan content variation was all highly significant, with the cultivars having the largest effect. The highly significant interaction
between cultivars and environment suggests that it is important to plant the appropriate cultivar in a particular area in order to

obtain barley seeds with reasonable B-glucan contents. © 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The mixed-linked (1—3), (I—14)-B-D-glucan (here-
after referred to as simple B-glucan) is a cell wall poly-
saccharide found only in grass and cereals (Carpita,
1996). Compared with other cereals, barley and oats
have relatively high B-glucan contents. In barley, B-glu-
can has become a growing concern at multi-discipline
levels due to its positive role in human health when used
as food and its potential deterioration on malting. In
the brewing industry, a high content of B-glucan in
barley may lead to problems such as reduced rate of
wort filtration and haze formation in beer, and
adversely affect the recovery of malt extract (Barrett,
Clapperton, Divers, & Rennie, 1973; McCleary &
Glennie-Homes, 1985). The high viscosity of aqueous
solutions of barley B-glucan has also been implicated in
the problems encountered in the stock-feed industry;
therefore it is considered as a anti-nutritional factor,
particularly in chicken and poultry diets where it may
give sticky droppings and affect nutritional intake,
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growth and feed conversion efficiency (Hasselman &
Thomke, 1982; Wang, Newman, Newman, & Hofer,
1992). On the other hand, positive roles of B-glucan in
human nutrition and health, such as lowering of blood
cholesterol and blood glucose, increasing mineral and
vitamin bio-availability and controlling colon cancer,
have been reported (Klopfenstein, 1988; Martinez,
Newman, & Newman, 1991).

Variation in barley B-glucan content is associated
with genetically controlled starch and hull type. High B-
glucan content is reported in hull-less cultivars (Bengts-
son, Aman, Graham, Newman, & Newman 1990;
Bhatty, MacGergor, & Rossnagel, 1991) and in culti-
vars with 100% amylopectin (waxy) starch (Ullrich,
Clancy, Eslick, & Lance, 1986; Xue, Newman, New-
man, & Maguire, 1991). Environment also influences B-
glucan content (Fastnaught, Berglund, Holm, & Fox,
1996; Narasimhalu, Kong, Choo, Ferguson, Therrien,
Ho, May, & Jui, 1995; Stuart, Loi, & Fincher, 1998).
Barley B-glucan contents, reported so far, have ranged
from less than 2% to more than 10%, and variation is
not only caused by genetics and environment, but is also
due to the analysis methodology. The earlier analytical
method, by measuring viscosity gave high values, while
the enzymatic method, developed by McCleary and
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Glennie-Homes (1985), by use of a specific assay kit, has
proved to be a simple procedure given good repeatability.

Barley is one of the most important cereal crops in
China; it grows in widely ecological locations and finds
manifold uses. Commonly, it is used as a material for
malting and feed processing while, in Tibet, barley is a
stable food crop. However, there has been little research
on [B-glucan content in China. The objective of this
study was to determine B-glucan content of barley cul-
tivars from different locations and to examine its varia-
tion as affected by genotypes and environments.

2. Materials and methods

One-hundred and ecighty-five barley cultivars or
breeding lines were collected from the main productive
areas of China. Among them, 75 cultivars (lines) came
from Tibet (kindly provided by Professor Qiang X-L at
the Tibet Institute of Agricultural Research, Lasa, 91.1°
E, 29.6° N), 27 from Xingjian (kindly provided by Pro-
fessor Cao L-P at the Agricultural college, Shihezi Uni-
versity; Shihezi, 87.6° E, 43.7° N), and others from
Jiangsu (Yanchen, 118.2° E, 31.5° N), Hunan (Zhang-
sai, 1130° E, 28.2° N), Hubei (Wuhan, 114.2° E, 30.6°
N), Sichuan (Chengdu, 104.1° E, 30.6° N), Shandong
(Taian, 117.2° E, 36.2° N), Gansu (Lanzhou, 103.8° E,
36.05° N) and Zhejiang (Hangzhou, 120.2° E, 30.5° N).
All of the Tibet barleys were of the hull-less type while
other Chinese barleys were the hulled type. Except for
Xinjiang, where barley is sown in spring, in all other
regions it is sown in winter. In addition, 21 commercial
barley cultivars were collected from Canada and Aus-
tralia for comparative study.

All collected cultivars or lines were planted at the
experimental farm of Zhejiang University (Huajia Chi
Campus) in early November 1999. The materials were
grown in two replicates of two-row plots, 2 m long, 30
cm between rows and 100 seeds per row. The trial was

Table 1

managed according to locally recommended cultural
practice. At maturity, thirty spikes of main shoots were
harvested from the cultivars with similar mature dates.

According to a previous experiment (Wang, Zhang,
Chen, & Ding, 1998), cight two-rowed barley cuitivars
with similar growth durations and substantial differ-
ences in B-glucan contents were used and grown at six
diverse environments of Zhejiang in the 1999-2000
growing season. All cultivars were grown adjacently in
the same field and each cultivar consisted of three 2-m-
length rows with three replicates. At maturity, 30 spikes
of main shoots were harvested from each replicate.

Grain samples were ground through a 0.5-mm sieve in
a Cyclotec mill after drying in an oven for 24 h. Total -
glucan was analyzed according to the McCleary and
Glennie-Holmes (1985) methods using a commercial kit
(Megazyme Ltd. Ireland).

3. Results and discussion

There were great differences in B-glucan contents
among the samples, both from the different areas and
within the same location (Table 1). For 164 cultivars
(lines) from China, B-glucan content ranged from
2.98% for Sumei 21, a commercial cultivar in Jiangsu
province, to 8.62% for QB25, a breeding line in Tibet.
On average, for all cultivars, the value was 4.58% and
approximately two third of samples fell into the range
3.0-5.0%. In terms of location distribution, the culti-
vars or lines with B-glucan contents higher than 8%
were found only in the samples from Tibet, in which the
mean of all 75 cultivars was 5.25%, ranked the highest
among various collections, and 20% of samples had B-
glucan contents higher than 6%. The mean content of
27 Xinjiang cultivars was 5.09%, this being the second
highest among collections. Although no cultivar con-
taining more than 8% of B-glucan was found in Xin-
jlang barley samples, its proportion of cultivars with

Frequency distribution of barley cultivars originating from the different areas on the basis of grain -glucan content

B-Glucan content Total Tibet Xinjiang Other areas in China Canada and Australia

Seeds from original areas Seeds produced at Hangzhou

Y%
<3.0 5.34 0 0 3.23 12.9 14.3
>3.0-<4.0 28.6 8.0 7.41 45.2 67.7 38.10
>4.0-5.0 37.4 46.7 51.9 35.5 16.1 28.6
>5.0-<6.0 18.0 24.0 18.5 16.13 3.23 19.1
>6.0-<7.0 6.8 12.0 18.5 0 0 0
>7.0-<8.0 291 6.67 3.7 0 0 0
>8.0 0.97 2.67 0 0 0 0
Sample number 164 75 27 62 62 21
Mean 4.58 5.25 5.09 4.24 3.61 4.02
Standard deviation 1.08 1.06 0.92 0.67 0.55 0.81
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more than 6% of B-glucan was nearly as high as that in
Tibet samples. Sixty-two cultivars from other areas of
China had a 4.24% mean B-glucan content, obviously
lower than those both from Tibet and Xinjiang. Com-
pared to original seeds, the Hangzhou-productive seeds
were significantly lower in B-glucan content, suggesting
the modification of B-glucan content by environment.
Twenty-one beer cultivars from Canada and Austria
were within the range 2.76% for AB168-11 to 5.14%
for Gateways 3, with a mean content of 4.02%.

The wide diversity in B-glucan content could be sig-
nificant in the commercial utilization of barley. Since
the enzymatic method of measuring B-glucan content
was developed by McCleary and Gennie-Holmes (1985),
grain B-glucan contents among barley cultivars have
been reported to range from 3.0 to 8.2% (Aman &
Graham, 1987; Carr, Glatter, Jeraci, & Lewis, 1989;
Fastnaught et al.,, 1996; Henry, 1987; Lehtonen &
Aikasalo, 1987). The wider range of B-glucan content
for the barley collections in this study may be attributed
to more samples and the greater differences in the
environments of a particular cultivar origin. The higher
B-glucan content in Tibet barley cultivars may be at
least partly related to their hulless type and is desirable
in light of their use as feed.

In China, more and more malt barley is being impor-
ted with the increase of beer production, as local barley
is considered to be inferior, in malting quality, to
imported barley. One of the reasons for inferior quality
is attributed to high B-glucan content. In this experi-
ment, we found that most of the cultivars, except for
those from Xinjiang, had B-glucan contents not higher
than those from Canada and Australia, indicating that
B-glucan content is not a predominant factor leading to
inferior malting quality in Chinese-productive barley.
Moreover, the barley grown in Zhejiang had a much
lower B-glucan content. Therefore, the higher B-glucan
content in malt for Chinese-productive beer barleys
should be attributed to lower B-glucanase activity in
grains.

Variance analysis for B-glucan content of eight barley
cultivars, grown at six locations in Zhejiang, showed
that the effects of cultivars, locations and their interac-
tion were all highly significant (Table 2). Comparatively,

Table 2
Variance analysis on B-glucan contents of eight barley cultivars grown
at six locations

Source of variation df SS MS F value
Total 95 28.4276 0.2992

Cultivar 7 18.5734 2.6533 64.51%*
Location 5 2.8298 0.5660 13.76**
Interaction 35 5.0502 0.1443 3.51
Error 48 1.9741 0.0411

** Significant at 0.01 probability level.

cultivars shared a larger contribution to the variation in
B-glucan content than locations or interaction.

On average in six locations, B-glucan content of eight
cultivars in this study ranged from 3.24% for Zhepi 4 to
4.62% for Xue 92-47, with a mean of 3.95% (Table 3).
The cultivars differed widely in the coefficient of varia-
tion (CV) when planted at different locations. Thus,
Xuemei 3 and ZAU 7 had the greatest and least CV,
respectively, suggesting a great difference among culti-
vars in their response to environment in terms of B-glu-
can content.

On average among eight cultivars, B-glucan content of
six locations ranged from 3.86% for Yuyao to 4.14%
for Teizhou (Table 4). Although the locations also dif-
fered significantly, the absolute difference between the
highest and lowest was much smaller than that between
cultivars. Coefficient of variation in B-glucan content
for eight cultivars grown within a location was smaller
than for a cultivar grown in the different locations.

Genetic and environmental variations in the pB-glucan
content of barley have been reported in several studies
(Aastrup, 1979; Henry, 1986; Molina-Cano, Francesch,
Perez-Vendrell, Ramo, Voltas, & Brufau, 1997). Genetic
factors have been found to be the more important
(Henry, 1986; Molina-Cano et al., 1997). In this study,
significant differences among cultivars are also found,
irrespective of planting locations, and cultivars differ in
the variation of B-glucan content over locations. The

Table 3
Means and coefficients of variation of B-glucan contents correspond-
ing to barley cultivars grown at six locations

Cultivar B-Glucan% CV%
Xu92-47 4.622 12.3
ZAU 7 3.90b 9.81
Xumai 3 4.54a 21.9
ZAU6 4.04b 12.2
92-11 3.81b 11.7
ZAU 3 3.49¢ 10.4
Zhepi 4 3.92b 18.8
Zheyuan 18 3.24d 11.9

4 Means within a column followed by a different letter are sig-
nificantly different (P <0.05).

Table 4
Means and coefficients of variation of B-glucan contents of eight bar-
ley cultivars grown at each location

Location Mean% CV%
Hangzhou 4.07a* 7.45
Jiaxing 4.06a 6.03
Yuvao 3.68b 7.84
Quzhou 3.99a 8.94
Taizhou 4.14a 7.82
Lishui 3.75b 7.68

4 Means within a column followed by a different letter are sig-
nificantly different (P <0.05).
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interaction of cultivar and location is also highly sig-
nificant, suggesting the importance of cultivar selection
in a particular area.
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