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β-Glucan is a beneficial chemical compound in the diet of humans by decreasing the levels of serum
cholesterol and blood glucose. The β-glucan contents of oat groats were studied in official variety
trials (1997–1999), nitrogen fertilization trials (1997–1999) and organic variety trials (1997–1998)
in Finland. Eight cultivars were studied in the organic variety trials. Two of them, cultivars Puhti and
Veli, were cultivated also with a conventional method at the same fields. The years 1997 and 1999
were very warm and dry and 1998 very cool and rainy. The effects of year and cultivar on β-glucan
content were significant in all three trial series. The Kolbu oat cultivar had a significantly lower β-
glucan content than other cultivars in all trials. N fertilization did not increase the β-glucan contents
of oats in Finland. The effect of cultivation method (traditional vr organic cultivation) had no signif-
icant effect on the β-glucan content. The year x cultivar interaction significantly affected the β-glu-
can contents of oat groats in N fertilization trials. The reaction of different cultivars to weather con-
ditions was different. Kolbu oat cultivar had significantly lower β-glucan contents in 1998 than in
warm years in all three trial series.
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Introduction

β-Glucans, mixed-linked (1–3)(1–4)-β-D-glu-
cans, are nonstarch polysaccharides that are typ-
ical for the genus Poacea (Nevins et al. 1978,
McNeil et al. 1984). β-glucans are cell wall con-
stituents that are found especially in grains of
oats (Avena sativa L.) and barley (Hordeum vul-
gare L.). β-Glucan is concentrated in the cell
walls of the subaleurone layer of oat grains, from
which it is easy to concentrate to the bran in the
oat-milling process (Wood 1986). There are also
patented processing methods by which the β-glu-
can contents of oat bran can be increased.

β-Glucan is beneficial in the diet of human
beings, because it decreases and stabilizes the
levels of serum glucose and insulin (Wood et al.
1990, Jenkins et al. 2002), and decreases the level
of blood cholesterol (Anderson et al. 1984, Klop-
fenstein 1988, Pomeroy et al. 2001). It has been
found that oat β-glucan is as effective in reduc-
ing the postprandial glucose response in healthy
human beings as guar gum (Wood 1994). Spe-
cial high-β-glucan products are more effective
in reducing the glycaemic index than normal oat
bran breakfasts (Jenkins et al. 2002). Oat β-glu-
can has also been found to decrease infections;
it increases resistance to the bacteria Eimeria
vermiformis and Staphylococcus aureus in mice
by increasing the amount of immunoglobulins
in serum and enhancing phagocytic activity (Yun
et al. 1997, 2003).

β-Glucan decreases growth in monogastric
animals when incorporated in animal feed (Hes-
selman and Åman 1986, Pettersson and Åman
1992). β-Glucan is an antinutritional compound
present in the feeds of pigs, hens and battery
hens, when present in pet foods, however, yeast
β-(1–3)(1–6)-glucan is beneficial, because it in-
creases the health and welfare of animals by sup-
porting their immune systems (Rosenhaugh
2002).

The objective here was to study the β-glucan
contents of oat cultivars cultivated in Finland
with conventional and organic cultivation meth-
ods. The β-glucan contents of oat cultivars were

studied in official variety trials and in nitrogen
fertilization trials during a 3-year period and in
organic variety trials during a 2-year period
throughout the oat cultivation area in Finland.

Material and methods

Oat field trials
The trials have been described previously (Eu-
rola et al. 2003). The map of trial locations is
seen in Figure 1. The material consisted of grain
samples of oat cultivars undergoing official va-
riety and organic variety trials in various loca-
tions and nitrogen fertilization trials in 2 loca-
tions of MTT Agrifood Research Finland. The
official variety trials were held in 1997–1999 at
Jokioinen, Mietoinen, Tuusula (Hyrylä), Pälkä-
ne, Mikkeli, Maaninka, Laukaa, Ylistaro, Vihti
(1998–1999) and Ruukki (1998–1999). The or-
ganic variety trials were held in 1997–1998 at
Jokioinen, Mietoinen, Laukaa, Juva, Ylistaro and

Fig. 1. The map of trial locations.



70

A G R I C U L T U R A L A N D F O O D S C I E N C E

Saastamoinen, M. et al. β-Glucan contents of oat cultivars

Ruukki. The N fertilization trials were estab-
lished in 1997–1999 at 2 locations: Jokioinen and
Ylistaro. The variety trials were conducted us-
ing the lattice designs of Cochran and Cox (1957)
with 3–4 replications. The plot size varied ac-
cording to locations between 10.00 and 13.00 m2.

Official variety trials
The varieties studied were Leila, Salo, Veli, Kol-
bu, Roope and Belinda. Kolbu and Roope have

yellow hulls, and the other varieties white hulls.
Roope and Veli are Finnish, Leila and Kolbu are
Norwegian, and Belinda and Salo are Swedish
cultivars. The detailed information of the trials
is given in Table 1.

Organic variety trials
Organic variety trials were conducted as two
types of trials: organic trials and conventional
trials at the same field location. In the conven-

Table 1. Dates of sowing and average dates of yellow ripening, precipitation and effective temperature sums of
locations of official variety trials.

Location Year Precipitation Effective Soil pH Soil type Date of Average date
May–Aug temperature sum sowing of yellow

mm May–Aug ripening

Jokioinen 1997 302 1217 6.3 sandy clay 17.5.1997 19.8.1997
1998 318 1011 5.8 clay 16.5.1997 1.9.1998
1999 146 1184 5.7 sandy clay 11.5.1999 3.8.1999

Mietoinen 1 1997 232 1285 5.3 clay 13.5.1997 9.8.1997
1998 245 1036 5.9 sandy clay 15.5.1998 1.9.1998
1999 92 1236 5.8 sandy clay 7.5.1999 2.8.1999

Mietoinen 2 1999 92 1236 6.3 clay 13.5.1999 5.8.1999
Tuusula. Hyrylä 1997 n.a. n.a. 6.3 sandy clay loam 16.5.1997 14.8.1997

1998 n.a. n.a. 6.0 coarse silt 18.5.1998 8.9.1998
1999 n.a. n.a. 6.3 sandy clay 12.5.1999 29.7.1999

Pälkäne 1997 253 1250 5.7 fine silt 19.5.1997 17.8.1997
1998 339 1043 6.0 fine silt 19.5.1998 5.9.1998
1999 141 1231 5.9 fine silt 14.5.1999 6.8.1999

Mikkeli/Juva 1997 115 1150 6.9 fine sand 21.5.1997 18.8.1997
1998 337 976 6.0 fine sand 20.5.1998 7.9.1998
1999 243 1133 6.0 fine sand 20.5.1999 13.8.1999

Maaninka 1997 177 1153 5.8 coarse silt 30.5.1997 16.8.1997
1998 340 938 6.1 coarse silt 20.5.1998 9.9.1998
1999 183 1134 5.5 coarse silt 19.5.1999 8.8.1999

Laukaa 1997 182 1146 6.0 coarse silt 22.5.1997 24.8.1997
1998 345 916 6.0 coarse silt 19.5.1998 12.9.1998
1999 175 1112 6.0 coarse silt 19.5.1999 17.8.1999

Ylistaro 1 1997 155 1143 6.0 sandy clay loam 9.5.1997 5.8.1997
1998 372 937 6.2 silty clay 11.5.1998 10.9.1998
1999 120 1062 6.1 silty clay 4.5.1999 7.8.1999

Ylistaro 2 1997 155 1143 5.3 mould 20.5.1997 12.8.1997
1998 372 937 5.7 mould 20.5.1998 16.9.1998
1999 120 1062 5.5 mould 11.5.1999 12.8.1999

Ruukki 1 1998 439 850 5.9 coarse silt 20.5.1998 18.9.1998
1999 182 952 5.4 coarse silt 20.5.1999 31.8.1999

Ruukki 2 1999 182 952 5.4 mould 20.5.1999 6.9.1999
Vihti 1998 389 997 5.9 coarse silt 20.5.1998 10.9.1998

1999 132 1173 6.2 clay 14.5.1999 29.7.1999

n.a. not available
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tional trials there were only two varieties, Puhti
and Veli. Two oat cultivars Puhti and Veli in the
organic variety trials were both cultivated using
organic and conventional methods in the same
field as all other locations except Juva, so that
these cultivation methods could be compared.
Puhti and Veli were also in the organic trials as
standard varieties. The trials were established at
6 locations. In organic cultivation 6 additional
cultivars were also studied: Aarre, Katri, Kolbu,
Leila, Roope and Yty. Leila and Kolbu are Nor-
wegian, and Aarre, Katri, Puhti, Roope, Veli and
Yty are Finnish cultivars. The conventional and
organic farming system trials were carried out
on the same field: conventional in the middle and
organic on both sides, 6-year rotation of crops
was used. In organic cultivation the preceding
crop was clover to improve the nitrogen status
of the soil, and in conventional systems cereal
crops preceded the trial. Organic and convention-

al cultivation trials were held on the main plots
and cultivars on subplots with 3–4 replications.
In all experimental fields, organic cultivation was
initiated during the early 1990s. More detailed
information of the trials is found in Table 2.

N fertilization trials
Nitrogen fertilization trials were established at
2 locations: in Jokioinen and in Ylistaro in the
years 1997, 1998 and 1999. Soil types, sowing
data, average dates of yellow ripening and ferti-
lization and climate conditions are given in Ta-
ble 2. N fertilization was given before sowing as
calcium ammonium nitrate (0, 40, 80, 120 and
160 kg N ha-1) with 4 oat cultivars (Aarre, Katri,
Kolbu and Salo) at 2 locations. The experimen-
tal design was split-plot with 4 replications
(Cochran and Cox 1957). Rates of N uptake were
determined in main plots and oat cultivars in
subplots.

Table 2. Dates of sowing and average dates of yellow ripening and precipitation and effective temperature sums of locations
of organic and N fertilization trials.

Type of Location Year Precipitation Effective Soil pH Soil type Date of Average date
trial May–Aug temperature sum sowing of yellow

mm May–Aug ripening

Organic variety Jokioinen 1997 302 1217 6.2 sandy clay 26.5.1997 14.8.1997
trials 1998 318 1011 6.2 sandy clay 20.5.1998 21.9.1998

Mietoinen 1997 232 1285 6.1 sandy clay 16.5.1997 7.8.1997
1998 245 1036 5.6 sandy clay 21.5.1998 8.9.1998

Mikkeli/Juva 1997 115 1150 6.5 fine sand moraine soil 16.5.1997 13.8.1997
1998 337 976 6.6 fine sand moraine soil 18.5.1998 1.9.1998

Laukaa 1997 182 1146 6.3 loam 27.5.1997 25.8.1997
1998 345 916 n.a. loam 22.5.1998 7.9.1998

Ylistaro 1997 155 1143 5.7 finer fine sand 22.5.1997 12.8.1997
1998 372 937 5.7 finer fine sand 25.5.1998 21.9.1998

Ruukki 1997 292 1152 6.6 fine sand 4.6.1997 12.9.1997
1998 439 850 6.8 fine sand 25.5.1998 18.9.1998

N fertilization Jokioinen 1997 302 1217 5.8 heavy clay 19.5.1997 19.8.1997
trials 1998 318 1011 5.6 heavy clay 16.5.1998 12.9.1998

1999 146 1184 5.7 heavy clay 12.5.1999 4.8.1999
Ylistaro 1997 155 1143 6.1 loam 14.5.1997 7.8.1997

1998 372 937 6.1 loam 13.5.1998 9.9.1998
1999 120 1062 6.1 loam 4.5.1999 7.8.1999

n.a. not available
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Weather conditions
Weather conditions varied widely in different test
years. The weather in 1997 and 1999 was warm
and dry and very rainy and cool in 1998. The
precipitation data and effective temperature sums
for these periods, and the average dates of yel-
low ripening of the trials are given in Tables 1
and 2.

Pretreatment of samples and
chemical analyses

Grain samples of the trial members from differ-
ent replications from the oat trials were united
after weighing the yields of the plots of replica-
tions. Grain samples of the oat trial members
were first sorted using a 2.0-mm sieve. Oat grains
> 2.0 mm were hulled with a BT 459 oat-hulling
device using air pressure at Boreal Plant Breed-
ing. Broken groats were discarded. Oat groats
were then milled with a falling-number hammer
mill using a 1.0-mm sieve. The β-glucan con-
tents of oat groats were analysed using the meth-
od of McCleary (McCleary and Glennie-Holm-
es 1985, McCleary and Codd 1991).

Statistical methods
The LSMeans (least square means) of the culti-
vars and statistical differences between the cul-
tivars over trials, locations and years were cal-
culated as described previously (Eurola et al.
2003). The data from different trials were ana-
lyzed in 4 separate parts: In the first part the dif-
ferences between the varieties (data from varie-
ty trials) were analyzed, using mixed linear mod-
els. In the model year, location and trial were
analyzed as the random factor and cultivars as
the fixed factor (Öfversten and Nikander 1996).
In the second part differences between 6 addi-
tional cultivars in organic cultivation were ana-
lyzed as in part 1. In the third part the main ef-
fects of farming systems (organic and conven-
tional), cultivars (Veli and Puhti) and their in-

teractions were determined by analyses of vari-
ance according to the split-plot design. In the
analyses the farming system (as the main plot
factor) and cultivar (as the split-plot factor) were
analyzed as the fixed and location (as block fac-
tor) and year as the random factor. In the fourth
part the main effects of N fertilization, cultivars
and their interactions were determined by anal-
yses of variance according to the split-plot de-
sign. In the analyses the N fertilization (the main
plot factor) and cultivars (subplot factor) were
analyzed as the fixed-effects factor and replica-
tions, year and location as random effects. In
general, when multiple-comparison procedures
were needed in all parts, Tukey’s HSD method
or t-type contrast examination with 95% confi-
dence intervals was used.

Before performing analysis of variance, as-
sumptions of group variances were checked in
Box-Cox diagnostic plots. In addition the nor-
mality assumption of errors was assessed with
stem-and-leaf display and normal probability
plot. Analyses were performed by means of the
SAS statistical package. The MIXED, UNIVAR-
IATE and GPLOT procedures were used.

The effects of year, location, and cultivar
were tested with analyses of variance using the
Statistica programme. The effects of year were
tested also separatetely for different cultivars
using the analyses of variance.

Results and discussion

The β-glucan contents of the cultivars in the of-
ficial variety trials are shown in Table 3. Signif-
icant differences (P < 0.0001) were found be-
tween the cultivars tested with analysis of vari-
ance. The highest average β-glucan contents (LS-
Means) were found in cultivars Leila and Roope.
‘Kolbu’ had significantly lower β-glucan con-
tents than other oat cultivars. The rather high β-
glucan content of ‘Roope’ and the low content
of ‘Kolbu’ were also reported previously (Saas-
tamoinen 1999). There were significant differ-
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ences in the average β-glucan contents of oats
between the years (Table 3). The effect of year
was greater in some cultivars; e.g. Kolbu and Veli
had significantly lower β-glucan contents dur-
ing the cool rainy weather of 1998 than in the
warm years of 1997 and 1999 (Table 3). Loca-
tion significantly affected the β-glucan contents,
when shown with one-way analyses of variance,
as did the year x location x trial interaction when
tested with analyses of covariance.

The β-glucan contents of the cultivars in the
N fertilization trials during 1997–1999 are shown
in Table 4. In these trials ‘Kolbu’ had signifi-
cantly lower β-glucan contents than ‘Aarre’,
‘Katri’ and ‘Salo’, as shown by analyses of var-
iance (Table 4). N fertilization did not signifi-
cantly affect the β-glucan contents (Table 5). The
cultivars significantly affected the β-glucan con-
tents, but the cultivar vs. N-level interaction did
not, as shown with two-way analyses of variance
(Table 5). Year, location and cultivar significantly
affected the variation in β-glucan content of oats
(Table 5), as did the year x location and year x
cultivar interactions (Table 5). ‘Kolbu’ had sig-
nificantly lower β-glucan contents in 1998 than
in 1997 and 1999.

N fertilization increased the oat yields (un-
published results), but not the β-glucan contents,
probably due to the northern climate of Finland.
N fertilization has likewise been seen to have no
effect on β-glucan content of oats in Finland
(Saastamoinen 1995) or in Canada (Humphreys
et al. 1994). N fertilization increases the β-glu-
can contents of cultivated and wild oats under
greenhouse conditions (Welch et al. 1991). Fo-
liar feeding of urea was found to increase the β-
glucan content of oats by 0.17%, giving an aver-
age β-glucan yield increase of 20 kg ha-1 in the
United Kingdom (Weightman et al. 2001). N fer-
tilization increases the β-glucan contents of bar-
ley in Denmark (Sorensen and Truelsen 1985) and
the β-glucan contents of wheat in Turkey (Guler
2003). Heavy N fertilization causes later maturi-
ty of oats in Finland where weather conditions
are often more favourable earlier in the summer.

The differences in β-glucan content between
cultivars were shown to be significant in organ-

ic variety trials tested by analyses of variance
(Table 6). ‘Kolbu’ had significantly lower β-glu-
can contents than other oat cultivars. The differ-
ences between the other cultivars were not sig-
nificant, although they were more so in official
variety trials than in organic variety trials (Ta-
bles 3 and 6). ‘Aarre’, ‘Yty’ and ‘Puhti’ had high-
er β-glucan contents than ‘Leila’ and ‘Roope’ in
the organic variety trials. It was also shown that
the β-glucan content of ‘Yty’ is rather high (Saas-
tamoinen et al. 1992b, Saastamoinen 1999). The
rather high β-glucan content of ‘Roope’ and
‘Aarre’ and the low content of ‘Kolbu’ have also
been reported (Saastamoinen 1999). There were
no significant differences in β-glucan contents
of ‘Puhti’ and ‘Veli’ in conventional trials of the
organic trial series (Table 6). The cultivation
method did not significantly affect the β-glucan
contents of oats (Table 6).

The relative amounts of the β-glucan contents
of the oat cultivars were in general constant for
different years, cultivation methods and loca-
tions, which is an indication of the extensive
genetic regulation of β-glucan synthesis in oats.
It has been widely reported that the effect of
genotype on β-glucan content of oats is signifi-
cant (Lim et al. 1992, Saastamoinen et al. 1992a,
b, Doehlert et al. 2001) and that the β-glucan
content of cultivated oats (Avena sativa L.) is a
quantitatively inherited trait influenced by sev-
eral genes (Baur and Geisler 1996, Kianian et
al. 2000, Cervantes-Martinez et al. 2001). Ex-
tremely high β-glucan contents (up to 11.3%)
have been found in wild oat species (Welch et
al. 2000).

In the organic trial series, cultivation prac-
tice did not significantly affect the β-glucan con-
tents of Puhti and Veli cultivars, which were cul-
tivated by conventional and organic systems (Ta-
ble 7). The effect of cultivar was significant, but
the cultivar x cultivation method interaction re-
sulted in no significant effects (Table 7). The
average β-glucan content in organic cultivation
was, however, slightly higher than that seen in
conventional cultivation (Table 6), but the effect
of cultivation method was not significant (Ta-
bles 6 and 7). The year significantly affected the
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Table 5. Average calculated β-glucan contents (LSMeans) of oat groats for N fertilization levels over 4
cultivars and 3 years and effects of year, cultivar, N fertilization and location on β-glucan content of oat
groats.

β-Glucan content, %
N fertilization, kg/ha

0 40 80 120 160

LSMeans 4.85 4.82 4.89 4.87 4.91
SEM 0.094 0.094 0.094 0.094 0.094

Effects: P-value
F-test (2-way)
Factors:
Cultivar <0.0001
N level 0.790
Cultivar x N level 0.940

Effects:
F-test (3-way) d.f. F-value P-value
Factors:
Year 2 4.267 0.017
Location 1 5.605 0.020
Cultivar 3 153.989 0.000
Year x Location 2 3.277 0.042
Year x Cultivar 6 3.828 0.002
Location x Cultivar 3 0.600 0.616
Year x Location x Cultivar 6 1.454 0.202

LSMeans = least square means
SEM = standard error of means

β-glucan content of oat cultivars in both organic
and conventional trial series (Table 7) and in
most cultivars under organic cultivation (Table
6). The year effect was significant on the β-glu-
can content of ‘Puhti’ in conventional trials of
the organic trial series (Table 6). The year x lo-
cation interaction was statistically significant in
organic trials tested by analyses of covariance
(Table 6).

The effect of year was greater in organic tri-
als than in the official trials; e.g. in the rainy year
1998 the average β-glucan contents were much
lower than in the warm year of 1997 (Tables 3
and 6). The Puhti and Veli cultivars differed,
however, in their reaction to the year effect: in
the former the effect was significant in conven-
tional trials and in the latter it was significant in
the organic trials (Table 6). The year x cultivar

interactions were not significant, however (Ta-
ble 7). It was found that the β-glucan content is
dependent on the mean temperature of the grow-
ing period for oats in Finland (Saastamoinen
1995). High growth period temperature increas-
es (Saastamoinen et al. 1992b, Miller et al. 1993,
Saastamoinen 1995) and high precipitation de-
creases the β-glucan content of oats (Miller et
al. 1993). It was also found in barley that high
precipitation decreases several factors, especially
viscosity, which correlates positively with the
water-soluble β-glucan content (Aastrup 1979).
Accumulated temperatures to 25˚C and 30˚C and
precipitation and days with rain during seed de-
velopment were significant factors influencing
the β-glucan content of barley (Zhang et al.
2001). In some studies the effect of year on β-
glucan content of oats was significant (Saasta-
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Table 7. Effects of cultivation method, year, cultivar and location in organic trials.

Test Type of cultivation Factor d.f. F-value P- value

F-test (3-way) Organic/ Conventional Year 1 15.25 0.000
Cultivar 1 5.22 0.028
Cultivation method 1 1.17 0.287
Year x Cultivar 1 0.00 0.996
Year x Cultivation method 1 0.69 0.413
Cultivar x Cultivation method 1 0.60 0.444
Year x Cultivar x Cultivation method 1 0.75 0.393

F-test (2-way) Organic Year 1 56.16 0.000
Cultivar 7 16.46 0.000
Year x Cultivar 7 0.83 0.568

F-test (1-way) Organic Location 5 1.41 0.230

Covariance test Organic Z-value
Year x Location 2.22 0.013

moinen et al. 1992b, Miller et al. 1993) in con-
trast to other studies (Lim et al. 1992). The gen-
otype x environment interaction significantly
affected the β-glucan content of oats in many
studies (Cervantes-Martinez et al. 2001, Doeh-
lert et al. 2001).

The average β-glucan contents of oat culti-
vars in the organic cultivation trials were much
lower in 1998 compared with 1997 than in the
official variety trials (Tables 3 and 6). The sig-
nificantly lower average β-glucan content of oats
during the organic cultivation trials in 1998 com-
pared with 1997 may be partially explained by
the normally lower availability of N in the or-
ganic cultivation compared with conventional
cultivation methods, the high leaching of N from
the soil during periods of heavy rain and the lat-
er maturation of oats in the organic cultivation
compared with conventional cultivation methods.

In conclusion, β-glucan content of oat is very
much dependent on the genotype. The differenc-
es between oat cultivars are small but consist-
ant. ‘Kolbu’ has lower β-glucan content than oth-
er cultivars studied. ‘Kolbu’ is more suitable for
feed  than for human consumption. N fertiliza-
tion had no significant effect on β-glucan con-
tent of oats in Finland. Cultivation method, tra-
ditional vs. organic farming, had no significant

effect on β-glucan content of oats in Finland. β-
Glucan contents of oat cultivars were dependent
on year and location.

Acknowledgements. The Ministry of Agriculture and For-
estry of Finland, Avena Ltd., Finn Cereal Ltd., Kemira Ltd.
and Raisio Group Ltd. supported this research financially.
Mrs. Anne Sinisalo carefully carried out the chemical anal-
yses. We should also like to thank the directors and person-
nel at the MTT Agrifood Research Finland research sta-
tions who conducted the oat trial series.

References

Aastrup, S. 1979. The effect of rain on β-glucan content
of barley grains. Carlsberg Research Communica-
tions 44: 381–393.

Anderson, J.W., Story, L., Sieling, B., Chen, W.-J., Petro,
M.S. & Story, J. 1984. Hypocholesterolemic effects
of oat-bran or bean intake for hypercholesterolemic
men. American Journal of Clinical Nutrition 40: 1146–
1155.

Baur, S.K. & Geisler, G. 1996. Vererbung des β-Glucange-
haltes der Haferkaryopsen. Journal of Agronomy &
Crop Science 176: 315–322.

Cervantes-Martinez, C.T., Frey, K.J., White, P.J., Wesen-
berg, D.M. & Holland, J.B. 2001. Selection for great-
er β-glucan content in oat grain. Crop Science 41:
1085–1091.



78

A G R I C U L T U R A L A N D F O O D S C I E N C E

Saastamoinen, M. et al. β-Glucan contents of oat cultivars

Cochran, W.G. & Cox, G.H. 1957. Experimental designs.
2nd ed., John Wiley and Sons, New York. 611 p.

Doehlert, D.C., McMullen, M.S. & Hammond, J.J. 2001.
Genotypic and environmental effects on grain yield
and quality of oat grown in North Dakota. Crop Sci-
ence 41: 1066–1072.

Eurola, M., Hietaniemi, V., Kontturi, M., Tuuri, H., Pihlava,
J.-M., Saastamoinen, M., Rantanen, O., Kangas, A.
& Niskanen, M. 2003. Cadmium contents of oats (Ave-
na sativa L.) in official variety, organic cultivation, and
nitrogen fertilization trials during 1997–1999. Jour-
nal of Agricultural and Food Chemistry 51: 2608–
2614.

Guler, M. 2003. Nitrogen and irrigation effects on β-glu-
can content of wheat grain. Acta Agriculturae Scan-
dinavica Section B. Soil and Plant Science 53: 156–
160.

Hesselman, K. & Åman, P. 1986. The effect of β-gluca-
nase on the utilization of starch and nitrogen by broiler
chickens fed on barley of low- or high-viscosity. Ani-
mal Feed Science and Technology 15: 83–93.

Humphreys, D.G., Smith, D.L. & Mather, D.E. 1994. Ni-
trogen fertilizer and seeding date induced changes
in protein, oil and β-glucan contents of four oat culti-
vars. Journal of Cereal Science 20: 283–290.

Jenkins, A.L., Jenkins, D.J.A., Zdravkovic, U., Wursch, P.
& Vuksan, V. 2002. Depression of the glycemic index
by high levels of β-glucan fiber in two functional foods
tested in type 2 diabetes. European Journal of Clini-
cal Nutrition 56: 622–628.

Kianian, S.F., Phillips, R.L., Rines, H.W., Fulcher, R.G.,
Webster, F.H. & Stuthman, D.D. 2000. Quantitative
trait loci influencing β-glucan content in oat (Avena
sativa, 2n = 6x = 42). Theoretical and Applied Genet-
ics 101: 1039–1048.

Klopfenstein, C.F. 1988. The role of cereal β-glucans in
nutrition and health. Cereal Food World 33: 865–869.

Lim, H.S., White, P.J. & Frey, K.J. 1992. Genotypic ef-
fects on β-glucan content of oat lines grown in two
consecutive years. Cereal Chemistry 69: 262–265.

McCleary, B.V. & Codd, R. 1991. Measurement of (1–
3),(1–4)-β-D-glucan in barley and oats: a streamlined
procedure. Journal of the Science of Food and Agri-
culture 55: 303–312.

McCleary, B.V. & Glennie-Holmes, M. 1985. Enzymic
quantification of (1–3)(1–4)-β -D-glucan in barley and
malt. Journal of the Institute of Brewing 91: 285–295.

McNeil, M., Darvill, A.G., Fry, S.C. & Albertsheim, P. 1984.
Structure and function of the primary cell walls of
plants. Annual Review of Biochemistry 53: 625–663.

Miller, S.S., Vincent, D.J., Weisz, J. & Fulcher, R.C. 1993.
Oat β-glucans: An evaluation of eastern Canadian
cultivars and unregistered lines. Canadian Journal
of Plant Science 73: 429–436.

Nevins, D.J., Yamamoto, R. & Haber, D.J. 1978. Cell wall
β-D-glucans of five grass species. Phytochemistry 17:
1503–1505.

Öfversten, J. & Nikander, H. 1996. Analysis of series of
crop variety trials. Publications of the Agrifood Re-
search Finland, Series B 2.

Pettersson, D. & Åman, P. 1992. Production responses
and serum lipid concentration of broiler chickens fed

diets based on oat bran and extracted oat bran with
and without enzyme supplementation. Journal of the
Science of Food and Agriculture 58: 569–576.

Pomeroy, S., Tupper, R., Cehun-Aders, M. & Nestel, P.
2001. Oat β-glucan lowers total and LDL-cholester-
ol. Australian Journal of Nutrition and Dietetics 58:
51–55.

Rosenhaugh, H.Y. 2002. A promising new way to promote
pet health. Feed Mix 10, 3: 26–28.

Saastamoinen, M. 1995. Effects of environmental factors
on the β-glucan content of two oat varieties. Acta
Agriculturae Scandinavica Section B, Soil and Plant
Science 45: 181–187.

Saastamoinen, M. 1999. ‘Roope’ oat. Boreal Research
Report 8. 14 p. ISBN 952-5133-07-9, ISSN 1239-
4076.

Saastamoinen, M., Plaami, S. & Kumpulainen, J. 1992a.
β-Glucan and phytic acid content of oats cultivated
in Finland. Acta Agriculturae Scandinavica, Section
B. Plant Science 42: 8–11.

Saastamoinen, M., Plaami, S. & Kumpulainen, J. 1992b.
Genetic and environmental variation in β-glucan con-
tent of oats cultivated or tested in Finland. Journal of
Cereal Science 16: 279–290.

Sorensen, C. & Truelsen, E. 1985. Chemical composition
of barley varieties with different nutrient supplies. I.
Concentration of nitrogen, tannins, phytate, β-glucans
and mineral. Tidsskrift for Planteavl 89: 253–261.

Weightman, R.M., South, J.B. & Laverick, R. 2001. Ma-
nipulation of oat β-glucan content using foliar urea.
The third European conference on functional prop-
erties in oats. 17–18 May 2001, Uppsala. Final pro-
gram and abstracts. p. 49.

Welch, R.W., Brown, J.C.W. & Leggett, J.M. 2000. Inter-
specific and intraspecific variation in grain and groat
characteristics of wild oat (Avena) species: Very high
groat (1–3),(1–4)-β-D-glucan in an Avena atlantica
genotype. Journal of Cereal Science 31: 273–279.

Welch, R.W., Leggett, J.M. & Lloyd, J.D. 1991. Variation
in the kernel (1–3)(1–4)-β-D-glucan content of oat
cultivars and wild Avena species and its relationship
to other characteristics. Journal of Cereal Science
13: 173–178.

Wood, P.J. 1986. Oat β-glucan: Structure, location, and
properties. In: Webster, F.H. (ed.). Oats: chemistry and
technology. American Association of Cereal Chem-
ists Inc., St Paul, Minnesota. p. 121–152.

Wood, P.J. 1994. Evaluation of oat bran as a soluble fibre
source. Characterization of oat β-glucan and its ef-
fects on glycemic response. Carbohydrate polymers
25: 331–336.

Wood, P.J., Braaten, J.T., Scott, F.W., Riedel, D. & Poste,
L.M. 1990. Comparison of viscous properties of oat
and guar gum and the effects of these and oat bran
on glycemic index. Journal of Agricultural and Food
Chemistry 38: 753–757.

Zhang, G., Chen, J., Wang, J. & Ding, S. 2001. Cultivar
and environmental effect on (1–3, 1–4)-β-D-glucan
and protein content in malting barley. Journal of Ce-
real Science 34: 295–301.

Yun, C.H., Estrada, A., van Kessel, A., Gajdhar, A.A.,
Redmond, M.J. & Laarveld, B. 1997. β-(1–3)(1–4) oat



79

A G R I C U L T U R A L A N D F O O D S C I E N C E

Vol. 13 (2004): 68–79.

glucan enhances resistance to Eimeria vermiformis
infection in immunosuppressed mice. International
Journal for Parasitology 27: 329–337.

Yun, C.H., Estrada, A., van Kessel, A., Park, B.C. &

Laarveld, B. 2003. β-glucan extracted from oat, en-
hances disease resistance against bacterial and par-
asitic infections. FEMS Immunology and Medical
Microbiology 21: 67–75.

SELOSTUS
Kauran ytimen β-glukaanipitoisuus

Marketta Saastamoinen, Veli Hietaniemi, Juha-Matti Pihlava, Merja Eurola, Markku Kontturi, Hannu Tuuri,
Markku Niskanen ja Arjo Kangas

Satafood Kehittämisyhdistys ry ja MTT (Maa- ja elintarviketalouden tutkimuskeskus)

Kauran β-glukaani on terveyttä edistävä ravintokui-
tuyhdiste, joka alentaa veren kolesterolia ja alentaa
ja tasaa veren sokeria. Kauran ytimen β-glukaanipi-
toisuuden vaihtelua tutkittiin kauran virallisissa laji-
kekokeissa ja N-lannoituskokeissa vuosina 1997–
1999 sekä luomulajikekokeissa vuosina 1997–1998
useilla lajikkeilla.

Luomulajikekokeissa kasvatettiin kahta lajiketta,
Puhtia ja Veliä, myös ns. tehokokeissa normaalilla
viljelymenetelmällä samoilla lohkoilla luomukokei-
den kanssa. Vuodet 1997 ja 1999 olivat kuivia ja läm-
pimiä, ja vuosi 1998 viileä ja sateinen.

Vuosi ja lajike vaikuttivat β-glukaanipitoisuuteen
kaikissa koetyypeissä. Kolbu-lajikkeen β-glukaanipi-

toisuus oli pienempi kuin muiden kauralajikkeiden
kaikissa kokeissa. Suurimmat β-glukaanipitoisuudet
olivat virallisissa lajikekokeissa Leilalla ja Roopel-
la, luomulajikekokeissa Aarteella, Ytyllä ja Puhdilla
sekä N-lannoituskokeissa Aarteella ja Katrilla. Typ-
pilannoitus ei vaikuttanut kauran β-glukaanipitoisuu-
teen. Myöskään viljelymenetelmä (perinteinen/luo-
mu) ei vaikuttanut merkitsevästi β-glukaanipitoisuu-
teen.

Johtopäätöksenä voitiin todeta, että kauran β-glu-
kaanipitoisuus on voimakkaasti riippuvainen lajik-
keesta, vuodesta ja kasvupaikasta. Viljelytapa (perin-
teinen/luomu) ja typpilannoitus eivät vaikuttaneet
kauran β-glukanipitoisuuteen.
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