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Content of 3-p-glucan in cereal grains

MICHAELA HAVRLENTOVA - JAN KRAIC

Summary

The B-p-glucan content in 111 genotypes of spring barley, 79 genotypes of oat, and 14 genotypes of spring wheat was
analyzed using the Mixed-linkage B-glucan assay kit. Samples were suspended and hydrated in a sodium phosphate
buffer (pH 6.5), incubated with purified lichenase enzyme, and an aliquot of filtrate was reacted with purified B-glucosi-
dase enzyme. The glucose product was assayed using an oxidase/peroxidase reagent. The mean value of B-D-glucan con-
tent in barley samples was 41.6 g.kg'! (in the range 18.6-53.7 g.kg'1), in oats 34.9 g.kg"! (in the range 17.3-57.0 g.kg™1),
and in wheat samples 4.8 g.kg-! (in the range 1.9-6.7 g.kg'!). Although we have observed high variation in B-pD-glucan
content within barley and oat genotypes, our results indicate that barley and oat are suitable sources of the health bene-
ficial B-D-glucan. The barley genotypes Merkur, Orbit, Heda, Zlatan, Karat, Atlas, and Atribut, oat genotypes Terra,
Avenuda, SV-5, and Arnold with the highest levels (> 50.0 g.kg1) observed can be used in our breeding programmes

and in food industry as a potential material by preparation of functional foods.
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Whole grains became an ingredient of
the human diet with the advent of agricul-
ture about 10 000 years ago [1]. During the last
3000-4000 years, the majority of human world’s
population has relied upon whole grains as the
main proportion of their diet. The positive effects
of the whole grains and cereal products on hu-
man health have long been known. Yet in the
4th century BC, Hippocrates - the father of medi-
cine - recognized the health benefits of the whole-
grain bread. More recently, in the early 1800s to
mid 1900s, physicians and scientists recommended
whole grains to prevent constipation [2]. Whole
grains are rich in nutrients and phytochemicals
with known health benefits. They contain high
amount of dietary fibre, resistant starch, oligosac-
charides, antioxidants, micronutrients, phenolics,
and other compounds related to disease preven-
tion.

On 21 January 1997, the U. S. federal authority
Food and Drug Administration (FDA) published
health claim on food-product packages stating
that “A diet high in soluble fibre from whole oats

(rolled oats, oat bran, oatmeal, and oat flour) and
low in saturated fat and cholesterol may reduce the
risk of heart disease” [3, 4]. The beneficial effect
of oat products is primary attributed to the soluble
dietary fibre compound - (1—3)(1—4)-B-D-glucan,
also called B-p-glucan [4, 5]. B-p-Glucan is a linear
molecule of partially water-soluble polysaccharide
consisting of glucose [6] linked by both B-(1-3)
and B-(1—4)-linkages [7]. It is a major component
of endosperm cell walls and subaleurone layer [8]
of Gramineae, especially in oat (Avena sativa L.)
and barley (Hordeum vulgare L.) [9-11]. It is
also present at much lower levels in cell walls of
rye (Secale cereale L.), maize (Zea mays L.), rice
(Oryza sativa L.), sorghum (Sorghum bicolor L.),
and millet (Pennisetum americanum L.) [12].

The activity of cereal B-p-glucan on the human
and animal organisms has a broad range of effects.
It has been shown that B-p-glucan from barley is
hypocholesterolemic [13, 14], and this property
may result of its ability to increase viscosity of in-
testinal content [15]. The recommended amount of
fibre needed to effect cholesterol levels in humans
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is about 3 grams a day, to be taken as four times
at least 0.75 grams per serving [4]. The hypocho-
lesteromic effect of B-p-glucan is primarily related
to its structure, molecular weight, and interaction
with other components [16]. Further, B-p-glucan
is a potent inductor of humoral and cell-mediated
immunity, and regular daily consumption of B-p-
glucan significantly increases immunological ac-
tivity [17]. In vitro addition of oat B-p-glucan to
cultivated macrophages increases production of
interleukin IL-1 and tumor-necrosis factor TNF-a
[17]. ESTRADA and co-workers [17] reported that
an intraperitoneal administration of oat B-p-glu-
can to mice increased both the number and acti-
vity of peritoneal macrophages.

Furthermore, phagocytosis stimulation ex-
periments showed that B-p-glucan is an important
agent for maintenance of some blood biochemi-
cal parameters. It is responsible for decreasing
total and LDL-cholesterol, ratio of total to HDL-
cholesterol [18], and so it may reduce the risk of
coronary heart disease and ischemic heart disease
[19]. This type of dietary fibre can also modulate
the glycaemic index [20] beneficial for patients
with diabetes. As an active compound of soluble
dietary fibre, B-p-glucan has an important role in
gut physiology. Oatmeal’s whole grain, high fibre,
and protein attributes are believed to be the pri-
mary factors influencing spatial memory perform-
ance of children [21]. Moreover, oat’s total and
soluble fibre may contribute to favourable blood
pressure parameters [22].

The physical and physiological properties of ce-
real B-p-glucan are of commercial and nutritional
importance [23]. Increasing interests in cereal
B-p-glucan during the last two decades are largely
due to their acceptance as functional, bio-active
ingredient [24]. OatLife (concentrated p-p-glucan
made from oat bran) was the crucial ingredient
in Primaliv, yoghurt and muesli combination, the
first food labelled as “functional food” according
to new rules in Sweden [25]. Based on its rheo-
logical characteristics, B-p-glucan has been also
proposed to be applied as food hydrocolloid [26].
B-p-Glucan can be utilized as thickening agent
to modify the texture and appearance in gravies,
salad dressings, and ice cream formulations [9] or
may be used as fat mimetic in the development of
calorie-reduced foods [27]. Cereal B-p-glucan may
also influence the sensorial quality of beverages
[28]. Expansion in the functional drink sector has
been tremendous over the last few years [29].

On the other hand, the excess of B-p-glucan
influences brewing parameters of malt [30, 31]. It
may cause a retarded extraction, lowering the yield
in mashing as well as other problems with filtra-
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tion during brewing because the dissolved B-p-glu-
can creates viscous solutions [32, 33]. Hence, in
the malting process, the efficient degradation of
the B-p-glucan from initial level of about 3.0-4.5%
to about 0.2-1.0% is a critical factor [32].

It is clear, that the knowledge of B-p-glucan
levels in cereal grains may be useful for consumers,
and it would create an opportunity for scientists
and breeders to develop new cultivars enriched
in nutraceuticals like PB-p-glucan. For example,
researchers in Agriculture and Agri-Food Cana-
da’s Cereal Research Centre (Winnipeg) have de-
veloped the ELISA assay allowing plant breeders
rapidly select individual plants possessing high
level of B-p-glucan [25]. The aim of our study was
to characterize three different sets of barley, oat,
and wheat genotypes as suitable sources of B-p-
glucan to be used in our breeding programs, and
to consider selected cereals as a potential material
for food industry.

MATERIAL AND METHODS

Seed samples of 111 spring barley (Hor-
deum vulgare L.) genotypes, 79 oat genotypes
(Avena sativa L..), and 14 genotypes of wheat
(Triticum aestivum L.), harvested in 2003, have
been used in this study. The B-p-glucan content
was analyzed in these samples as well as in some
cereal-based commercial products, two sorts of
peeled barleys and five sorts of oat flakes. Mature
grains and commercial products were milled and
passed through 0.5 mm sieve using Ultracentrifu-
gal Mill (ZM 100 Retsch, Germany). The level of
B-p-glucan was determined using Mixed-linkage
B-glucan assay kit (Megazyme, Ireland) based on
the method published by McCLEARY and CoDD
[34]. This method is accepted by the AOAC
(Method 995.16) and the AACC (Method 32-23)
[35]. Samples were suspended and hydrated in
asodium phosphate buffer (pH 6.5), incubated
with purified lichenase enzyme, and an aliquot of
filtrate was reacted with purified B-glucosidase
enzyme. The glucose product was assayed using
an oxidase/peroxidase reagent. The measurement
of the amount of B-p-glucan was performed in two
(oat, wheat, commercial products) and three (bar-
ley) parallel assays, respectively. The values of the
B-p-glucan levels were achieved for each sample
as the mean = standard deviation. The p-p-glucan
content was calculated in dry weights.
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Tab. 1. Content of B-b-glucan in barley genotypes.

The B-p-glucan The B-p-glucan
content [g.kg1] content [g.kg1]
No. Barley genotype No. Barley genotype
Mean Mean
SD SD
value value
1 Nitran 18.6 0.4 57 | Granat 41.8 0.8
2 Stabil 28.2 1.8 58 |Rapid 421 1.0
3 | Stupicky Hanéacky 29.7 1.8 59 | Hanécky Starovesky 42.2 0.9
4 | Expres 31.6 1.3 60 | Viglassky Polojemny 42.2 1.1
5 Krajova St. Hrozenkov 31.6 1.2 61 | Sladar 42.3 0.4
6 | Terrasol Pivovarsky 32.3 0.5 62 |Diabas 42.4 0.6
7 Zenit 33.3 1.2 63 | Dregertv imperial 42.6 0.8
8 | Deténicky Kargyn 34.1 0.9 64 | Garant 42.6 0.5
9 | Spartan 34.8 0.9 65 | Stupicky plnozrnny 42.6 0.7
10 |Bonus 35.1 1.0 66 |Horal 42.9 0.6
11 Forum 35.1 0.9 67 |Koral 43.4 0.8
12 | Viktor 35.2 0.7 68 | Zefir 43.4 1.1
13 | Hanacky Kargyn 35.6 0.8 69 |Akcent 43.6 0.8
14 | Kompakt 35.9 1.1 70 |Jarek 43.7 0.5
15 | Hanacky exportny 36.0 0.3 71 | Svit 43.8 0.2
16 | Pudmericky pivovar 36.3 0.2 72 | Tatry 1995 43.8 1.0
17 | Celechovicky hanécky 36.6 0.8 73 | Sumavsky 43.9 05
18 | Hanacky jubilejny 36.9 0.9 74 | Zborovicky Kargyn 43.9 0.8
19 |Fatran 37.2 0.1 75 |Malvaz 44.2 0.7
20 |Tolar 37.3 0.4 76 | Pisarecky 445 0.4
21 | Hanacky Moravan 37.4 0.1 77 | Proskovcuv 44.6 0.8
22 | Dobrovicky staroCesky 37.6 0.8 78 |Heran 44.8 0.9
23 | Diosecky 37.7 0.9 79 | Favorit 44.9 0.8
24 | Krajova z Orlové 37.8 0.3 80 |Jindrichovicky K64 449 0.7
25 | Diamant 37.8 0.8 81 | Semcisky hospodarsky 45.0 0.5
26 |Galan 37.9 1.1 82 | Rubin 45.3 1.0
27 | Janovicky 37.9 1.5 83 |[Donum 455 0.4
28 | Zidlochovicky 37.9 0.6 84 | Hoficky 45.6 0.2
29 |Amos 38.5 0.7 85 | Semcisky pivovar 45.6 0.5
30 |Diosecky 802 38.5 0.9 86 |Jantar 45.8 0.8
31 |Hana 38.5 0.9 87 | Opal 45.8 0.8
32 | Progres 38.5 1.1 88 | Denar 45.9 0.4
33 |Sladko 38.5 0.8 89 | Profit 46.0 1.5
34 |Kosan 38.6 0.2 90 | Cyril 46.1 0.1
35 |Novum 38.6 1.4 91 | OleSensky 46.2 0.2
36 |Bohatyr 38.9 0.8 92 | Slovensky Kvalitny 46.5 0.6
37 | Moravsky nepolehavy IGB 39.0 0.9 93 |Terno 47.0 0.8
38 | Lutskij 39.0 0.7 94 | Moravsky Nepoliehavy RIll/12 | 47.1 1.0
39 | Novodvorsky Hanacky 39.0 0.8 95 |Jubilant 47.4 1.0
40 |Krystal 39.2 1.0 96 | Nol¢ Dregeruv velerany 47.7 0.7
41 | Dregertv 39.3 1.2 97 |Jaspis 47.8 0.4
42 | Valticky 39.3 0.8 98 |Vladan 47.9 0.8
43 | Amulet 39.5 0.9 99 | Topas 48.3 0.5
44 | Ladik 39.6 0.8 100 | Michalovicky 48.4 0.1
45 | Ametyst 39.8 0.9 101 |Ludan 48.7 0.5
46 | Diosecky kneifel 39.9 0.5 102 | Krukanicky horsky 49.2 1.2
47 | Safir 39.9 0.6 103 | Jarohnevicky 49.4 0.8
48 | Dukat 40.6 0.2 104 | Perun 49.9 0.7
49 |Dvoran 40.7 0.5 105 | Atribut 50.0 1.1
50 | BraniSovicky vynosny 40.9 0.7 106 |Atlas 50.1 0.7
51 | Nitriansky Exportny 40.9 1.1 107 | Karat 51.7 0.8
52 | Ekonom 411 1.0 108 |Zlatan 52.1 1.0
53 | Kvasicky 41.2 0.9 109 |Heda 52.7 0.8
54 | Olbran 415 0.5 110 | Orbit 52.8 1.0
55 | Export ratborsky 41.6 0.9 111 | Merkur 53.7 1.7
56 | Kredit 21 41.6 12 SD - standard deviation.
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RESULTS AND DISCUSSION

The mean values of B-p-glucan content in ce-
reals were: spring barley 41.6 = 0.6 g.kg'l, oat
349 + 0.8 g.kgl, and wheat 4.8 +0.2gkgl
Differences among genotypes in all cereal crops
were observed.

The amount of B-p-glucan content in barley ge-
notypes (Table 1) ranged between 18.6 g.kg1 (ge-
notype Nitran) and 53.7 g.kg-! (Merkur). Previously
published papers revealed that content of 3-p-glu-
can in barley was 30.0-45.0 g.kg! [32] and up to
43.8 g.kg'1[36]. In this study, we observed very high

levels (> 50.0 g.kg) of B-p-glucan in genotypes
Merkur 53.7 = 1.7 g.kg'l, Orbit 52.8 + 1.0 g.kg1,
Heda 52.7 = 0.8 g.kgl, Zlatan 52.1 + 1.0 g.kg,
Kardt 51.7 = 0.8 g.kg'L, Atlas 50.1 = 0.7 g.kg1, and
Atribut 50.0 = 1.1 gkgl. On the other hand, the lowest
levels (< 30.0 g.kg!) were observed in genotypes
Nitran 18.6 + 0.4 g.kg1, Stabil 28.2 + 1.8 g.kg1,
and Stupicky Handcky 29.7 + 1.8 g.kgL.

In contrast to barley, oat is less rich in B-D-
glucan (Table 2). We have found that its mean
content was 34.9 + 7.9 gkgl. REDAELLI et al.
[37] reported the average amount of B-D-glu-
can in aset of 60 European oat genotypes to

Tab. 2. Content of B-b-glucan in oat genotypes.

100

The B-p-glucan The B-p-glucan
No. Oat genotype content [g kg'] No. Oat genotype content [g kg™]
Mean Mean
SD SD
value value
1 Edit 17.3 0.9 41 | Sirene 34.2 0.5
2 Fusch 20.0 0.4 42 | Roxton 34.5 0.7
3 Borka 20.2 0.4 43 | Selma 34.7 0.8
4 PS 106 20.9 1.1 44 Pluco 34.9 0.5
5 Vok 22.4 1.2 45 | Flamingslord 35.2 1.4
6 BE 201700 255 0.9 46 | Consul 35.3 1.2
7 Autevil 25.9 0.4 47 | PS 90 35.6 1.0
8 INO 9801 26.6 0.5 48 | Revisor 35.6 0.1
9 Flamingstern 26.7 0.8 49 | Maris Oberon 36.3 0.4
10 | Petra 27.2 0.9 50 | BE 202299 36.4 0.7
11 Flamingsprofi 27.4 1.1 51 | Azur 36.6 0.5
12 | Gambo 27.8 0.7 52 BE 211201g 36.8 0.1
13 | Orfine 27.9 0.2 53 | Cyril 37.1 0.1
14 | Euro 28.4 0.4 54 | Master 37.1 0.5
15 | German 28.5 0.5 55 | Nelson 37.1 0.6
16 Sampionka 28.9 0.2 56 | Senator 37.2 1.1
17 | Tarra 28.9 0.8 57 | Flamingsplus 37.3 0.7
18 | Lutz 291 0.9 58 | Sevenanthree 38.3 1.1
19 | Argentina 291 0.8 59 | Detvan 38.5 0.5
20 | Kanton 29.3 1.0 60 | Adam 38.6 0.1
21 | Vilma 29.3 1.4 61 Stormont Sceptre 38.6 0.9
22 | Dagny 29.5 0.8 62 | Avesta 38.7 0.7
23 | 10026 CN 30.0 0.2 63 | Caracas 39.3 0.6
24 | Jumbo 30.0 0.1 64 | Zvolen 394 0.4
25 | Bug 30.6 0.1 65 | Dalimil 40.6 0.3
26 | Sanova AS 181325 31.0 0.8 66 | Abel 40.7 0.8
27 | Indio 31.7 0.1 67 | Bandicoot 42.3 1.0
28 | Zlatak 31.8 0.1 68 | Poncho 44.0 1.4
29 | Auron 32.3 1.2 69 | Neklan 44.4 0.9
30 | Aveia Peluda 32.9 0.7 70 | Pendek 45.4 0.4
31 Pan 33.1 0.8 71 | Atego 45.6 0.4
32 | Taiko 33.2 0.9 72 | Unisignum 459 0.4
33 | Expander 33.3 0.4 73 | Salomon 48.4 0.9
34 | Noirine 33.5 0.5 74 | lzak 48.8 0.8
35 | Aragon 33.8 0.6 75 | Neon 48.9 0.9
36 |PS100 33.8 1.0 76 | Arnold 52.0 0.9
37 |Leo 33.9 0.7 77 | SV-5 53.0 1.0
38 |Ardo 33.9 0.8 78 | Avenuda 54.3 1.8
39 | Flipper 34.2 0.3 79 | Terra 57.0 0.3
40 | Flamingstrend 34.2 0.1 SD - standard deviation.
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Tab. 3. Content of B-d-glucan in wheat genotypes.

The B-p-glucan
content [g.kg™]
No. Wheat genotype
Mean
value Sb
1 CDC Bounty 6.7 0.1
2 | Timgalen 6.5 0.0
3 Lyall Pur 6.1 0.1
4 Landrace 6.0 0.1
5 | CV. Alaska 6.0 0.5
6 Spalda (Landrace 1-96) 4.7 0.0
7 CV.TM 1 4.4 0.8
8 Landrace 1/99 4.3 0.1
9 CV.NO.48478 4.2 0.1
10 |Blauer Santiger 3.9 0.1
11 | Arcola 3.2 0.1
12 | Kamut 3.0 0.1
13 | CV.Einkorn 2.0 0.1
14 |Local 1/99 1.9 0.1

SD - standard deviation.

Tab. 4. Content of B-pD-glucan in oat flakes.

The B-p-glucan
Producer content [g-kg™"]
No. of the commercial product Mean

value Sb

1 Levice, Slovakia 26.4 0.1
2 Martin, Slovakia 32.1 6.0
3 Strancice, Czech Republic 36.1 1.4
4 Nemsova, Slovakia 42.8 0.3
5 Kralova nad Vahom, Slovakia 46.0 1.8

SD - standard deviation.

Tab. 5. Content of B-dD-glucan in peeled barley.

The B-p-glucan
Producer content [g.kg'"]
No. .
of the commercial product Mean sD
value
1 Martin, Slovakia 33.5 0.6
2 Bratislava, Slovakia 37.4 0

SD - standard deviation.

be 389gkgl. In our study, very high level
(> 50.0 g.kg1) of B-D-glucan was observed in ge-
notypes Terra 57.0 = 0.3 g.kg'l, Avenuda 54.3 +
+1.8 gkgl, SV-553.0+ 1.0gkgl, and Arnold
52.0 = 0.9 g.kg'l. Very low content (< 20.0 g.kg1)
wasingenotypesEdit17.3 + 0.9 g.kg-1, Fusch20.0 +
+0.4 gkg1, and Borka 20.2 + 0.4 g.kg-1.

Finally, the content of B-p-glucan in analyzed
wheats was very low, ranging from 1.9 g.kg! to
6.7 gkgl (Table 3). These results suggest that

wheat is not a rich natural source of this health
beneficial compound.

The B-p-glucan content was also analyzed in
two and five barley- and oat-based commercial
products, respectively (Table 4 and Table 5). The
content of B-b-glucan ranged from 26.4 g.kg! to
46.0 g.kg'l among five oat flakes. In peeled bar-
leys, the content of B-p-glucan was 33.5 g.kg1 to
37.4 g.kgl.

CONCLUSIONS

In this study, we presented a quantitative ana-
lysis of health-beneficial B-D-glucan in grains of the
three most important cereal species: wheat, barley,
and oat. The amount of B-p-glucan was determined
by Mixed-linkage B-glucan assay procedure. The
highest content of B-p-glucan was observed in bar-
ley and oat grains. The amount of -p-glucan con-
tent in barley genotypes ranged between 18.6 g.kg'!
(genotype Nitran) and 53.7 g.kg-! (Merkur), with
the mean of 41.6 g.kg-1. The mean value of B-p-glu-
can content in oat samples was 34.9 g.kg-! with the
range 17.3 g.kg1 (genotype Fusch) and 57.0 g.kg'!
(genotype Terra). The barley genotypes Merkur,
Orbit, Heda, Zlatan, Karat, Atlas, and Atribut and
oat genotypes Terra, Avenuda, SV-5, and Arnold
with the highest level (> 50.0 g.kg'!) observed can
be used in our breeding programmes as donors of
health beneficial compound and in food industry
as well as potential raw material for preparation
of functional foods. Wheat was found unsuitable
as source of the health beneficial B-p-glucan. The
content of B-p-glucan in analyzed wheat geno-
types ranged from 1.9 g.kg-! to 6.7 g.kgl. We also
determined the content of B-p-glucan in barley-
and oat-based commercial products. The value of
health beneficial fibre ranged from 26.4 g.kg-! to
46.0 g.kg! in a group of five oat flakes. In peeled
barleys, the content of B-b-glucan was 33.5 g.kg'!
to 37.4 g.kgl.

Acknowledgements

This project was supported by the Ministry of
Agriculture of the Slovak Republic (Project No. 2003
SP27/0280E02/020E(02). The authors are grate-
ful to Ing. M. Benkovd, Ing. P. Hozlir, PhD., and
Ing. P. Hauptvogel, PhD. for providing the plant mate-
rial.

REFERENCES

1. Spiller, G. A.: Whole grains, whole wheat, and white
flours in history. In: Marquart, L. - Slavin, J. L. -
Fulcher, R. G. (Ed.): Whole grain foods in health

101



Havrlentova, M. - Kraic, J.

J. Food Nutr. Res., 45, 2006, pp. 97-103

10.

11.

12.

13.

14.

15.

16.

102

and disease. St. Paul : Eagan Press, 2002, pp. 1-7.

. Slavin, J. L.: Whole grains and human health.

Nutrition Research Review, 17, 2004, pp. 1-12.

. FDA Talk Paper: Food labelling: health claims, oats

and coronary heart disease. Proposed rule. Federal
Register, 61, 1996, pp. 296-313.

. FDA Talk Paper: FDA allows whole oat foods to

make heath claim on reducing the risk of heart
disease. Federal Register, 62, 1997, pp. 15343-15344.

. Braaten, J. T. - Wood, P. J. - Scott, E W.: Oat

B-glucan reduces blood cholesterol concentration in
hypercholesterolemic subjects. European Journal of
Clinical Nutrition, 48, 1994, pp. 465-474.

. Johansson, L. - Tuomainen, P. - Ylinen, M. -

Ekholm, P. - Virkki, L.: Structural analysis of water-
soluble and -insoluble B-D-glucans of whole-grain
oats and barley. Carbohydrate Polymers, 58, 2004,
pp- 267-274.

. Rimsten, L. - Stenberg, T. - Andersson, R. -

Andersson, A. - Aman, P: Determination of B-D-
glucan molecular weight using SEC with calcofluor
detection in cereal extracts. Cereal Chemistry, 80,
2003, pp. 485-490.

. Wood, P. J. - Fulcher, R. G. - Stone, B. A.: Studies

on the specificity of interaction of cereals cell wall
components with congo red and calcofluor: Specific
detection and histochemistry of (1-3),(1—-4)-
B-D-glucan. Journal of Cereal Science, 1, 1993,
pp- 95-110.

. Wood, P. J.: Oat B-glucan: Structure, location

and properties. In: Webster, F. H. (Ed.): Oats:
Chemistry and technology. St. Paul: AACC Inc.,
1986, pp. 121-152.

Aman, P. - Hesselman, K.: An enzymatic method
for analysis of total mixed-linkage B-glucans in
cereal grains. Journal of Cereal Science, 3, 1985,
pp. 231-237.

Lee, C. J. - Horsley, R. D. - Manthey, F. A. -
Schwarz, P. B.: Comparisons of f-glucan content
of barley and oat. Cereal Chemistry, 74, 1997,
pp. 571-575.

Fincher, G. B. - Stone, B. A.: Cell walls and
their components in cereal grain technology. In:
Pomaranz, Y. (Ed.): Advances in cereal technology.
Vol. VIII. St. Paul : AACC, 1986, pp. 278-295.
MclIntosh, G. H. - Whyte, J. - McArtur, R. -
Nestel, P.J.: Barley and wheat foods: influence
on plasma cholesterol concentrations in hypercho-
lesterolemic men. American Journal of Clinical
Nutrition, 53, 1991, pp. 1205-1209.

Bourdon, I. - Yokoyama, W. - Davis, P.: Postprandial
lipid, glucose, insulin, and cholecystokinin responses
in men fed barley pasta enriched with B-glucan.
American Journal of Clinical Nutrition, 69, 1999,
pp- 55-63.

Mailkki, Y.: Trends in dietary fibre research and
development. Acta Alimentaria, 33, 2004, pp. 39-62.
Tosh, S. M. - Wood, P. J., - Wang, Q. - Weisz, J.:
Structural characteristics and rheological pro-
perties of partially hydrolyzed oat B-glucan: The
effects of molecular weight and hydrolysis method.
Carbohydrate Polymers, 55, 2004, pp. 425-436.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

. Estrada, A. - Yun, C. H. - Van Kessel, A. - Li, B. -

Hauta, S. - Laarveld, B.: Immunomodulatory activi-
ties of oat B-D-glucan invitro and in vivo. Microbiology
and Immunology, 41, 1997, pp. 991-998.
Kerckhoffs,D. A.J. M. -Hornstra, G. - Mensink, R. P.:
Cholesterol-lowering effect of B-glucan from oat
bran in mildly hypercholesterolemic subjects may
decrease when B-glucan is incorporated into bread
and cookies. American Journal of Clinical Nutrition,
78, 2003, pp. 221-227.

Keogh, G. E - Cooper, G. J. S. - Mulvey, T. B. -
McArdle, B. H. - Coles, G. D. - Monro, J. A. -
Poppitt, S. D.: Randomized controlled crossover
study of the effect of a highly B-glucan-enriched
barley on cardiovascular disease risk factors in mildly
hypercholesterolemic men. American Journal of
Clinical Nutrition, 78, 2003, pp. 711-718.

Wood, P. J. - Braaten, J. T. - Scott, E. W. - Riedel, D. -
Poste, L. M.: Comparisons of viscous properties of
oat and guar gum and the effects of these and oat
bran on glycemic index. Journal of Agriculture and
Food Chemistry, 38, 1990, pp. 753-757.

Samuel, P.: Gettingtheiroatshelpskidsperformbetter.
Food navigator.com [online]. 23 July 2002 [cited 1
February 2005]. <http://www.nutraingredients.com/
news/ng.asp?id=35877>

Keenan, J. M.: Getting your oats means keep-
ing blood pressure under control. Food naviga-
tor.com [online]. 11 April 2002 [cited 1 February
2005]. <http://www.nutraingredients.com/news/
ng.asp?id=35060>

Mailkki, Y. - Virtanen, E.: Gastrointestinal effects
of oat bran and oat gum - a review. Lebens-
mittel-Wissenschaft und Technologie, 34, 2001,
pp. 337-347.

Cui, W. - Wood, P. J.: Relationship between struc-
tural features, molecular weight and rheological
properties of cereal B-D-glucan. In: Nishinari, K.
(Ed.): Hydrocolloids - Part 1, Amsterdam : Elsevier,
2000, pp. 159-168.

New test for B-D-glucans could boost heart health.
Food navigator.com [online]. 19 February 2002 [cited
1February2005]. <http://www.nutraingredients.com/
news/ng.asp?id=34550>

Lazaridou, A. - Biliaderis, C. G. - Micha-Screttas, M. -
Steele, B. R.: A comparative study on structure-
function relations of mixed-linkage (1—-3), (1—4)
linear B-D-glucans. Food Hydrocolloids, 18, 2004,
pp- 837-855.

Inglett, G. E.: USA’s oatrim replaces fat in many
food products. Food Technology, 44, 1990, p. 100.
Lyly, K. - Salmenkallio-Marttila, M. - Suortti, T. -
Autio, K. - Poutanen, K. - Lahteenmaki, L.: Influence
of oat B-D-glucan preparations on the perception of
mouthfeel and rheological properties in beverage
prototypes. Cereal Chemistry, 80, 2003, pp. 536-541.
Sloan, A. E.: The top 10 functional food trends:
The next generation. Food Technology. 56, 2002,
pp- 32-57.

Bamforth, C. W.: Barley B-glucans. Their role in
malting and brewing. Brewers Digest, 35, 1982,
pp. 22-27.



Content of B-p-glucan in cereal grains

31.

32.

33.

34.

Gomez, C. - Navarro, A. - Manzanares, P. - Horta,
A. - Carbonell, J. V.: Physical and structural prop-
erties of barley (1-3), (1—>4)-B-glucan. Part I.
Determination of molecular weight and macro-
molecular radius by light scattering. Carbohydrate
Polymers, 32, 1997, pp. 7-15.

Kuusela, P. - Hiamaldinen, J. J. - Reinikainen, P. -
Olkku, J.: A simulation model for the control of 3-D-
glucanase activity and pB-D-glucan degradation during
germination in malting. Journal of the Institute of
Brewing, 110, 2004, pp. 309-319.

Kim, H. S. - Park, K. G. - Baek, S. B. - Son, Y. G. -
Lee, C. W. - Kim, J. C. - Kim, J. G. - Nam, J. H.:
Inheritance of (1—3)(1—>4)-B-D-glucan content in
barley (Hordeum vulgare L.). In: Czech Journal of
Genetics and Plant Breeding, 40, Book of Abstracts,
9th International Barley Genetics Symposium (Brno,
Czech Republic, 20-26 June 2004). Prague : IAFI,
2004, pp. 115. ISSN 1212-1975.

McCleary, B. V. - Codd, R.: Measurement of

3s.

36.

37.

(1-3),(1>4)-B-D-glucan in barley and oats: a strem-
lined enzymic procedure. Journal of the Science of
Food and Agriculture, 55, 1991, pp. 303-312.
Mixed-linkage B-glucan assay procedure (McCleary
method) BBG 01/05. Bray : Megazyme International
Ireland Limited, 2004. 16 pp.

Izydorczyk, M. S. - Storsley, J. - Labesseiere, D. -
McGregor, A. W. - Rossnagel, B. G.: Variation in
total and soluble B-D-glucan content in hulless bar-
ley: effects of thermal, physical, and enzymic treat-
ments. Journal of Agricultural and Food Chemistry,
48, 2000, pp. 982-989.

Redaelli, R. - Sgrulleta, D. - De Stefanis, E.: Genetic
variability for chemical components in sixty European
oat (Avena sativa L.) cultivars. Cereal Research
Communications, 31, 2003, pp. 185-192.

Received 14 March 2006; revised 26 May 2006; accepted
29 June 2006.

103




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


