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Forty one samples of the malting barley cultivar Scarlett were 
collected from both Scandinavia (15 from Finland and 10 from 
Denmark) and the Iberian Peninsula (15 from Spain and 1 from 
Portugal), during the harvest years of 1998 and 1999. These 
samples were subjected to grain analyses, comprising protein 
content, hordein fractions by high performance liquid chro-
matography (HPLC) and �-glucan content. The samples were 
micro-malted and the malts were analysed to determine different 
patterns in the influence of grain composition on malt extract 
development linked to the two contrasting environments. The 
most obvious difference found between the Scandinavian and 
Iberian barleys was the effect of the total and insoluble barley �-
glucans. They were an effective barrier of malt extract in the 
North, but appeared to increase extract in the South. A conclu-
sion was that the positive effect of �-glucans in the Iberian bar-
leys was a consequence of their greater capacity to synthesise 
and release �-glucan hydrolases during germination. 

Key words: Barley, �-glucans, malting quality. 
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The environmentally induced differences in barley and 

malt composition observed between samples from such 
contrasting regions of Northern and Southern Europe as 
NE Spain and E Scotland, have been analysed for differ-
ent characteristics and barley genotypes2,8-10,17,18. These 
studies addressed different aspects, but had a common 
disadvantage in attempting to analyse genotypic differ-
ences when the environmental effects were considerably 
greater2,9,16. In an early study by Molina-Cano and co-
workers a pair of near-isogenic barley lines were used, 
and the data for both genotypes showed a positive effect 
of the B/C hordein ratio and the water-soluble fraction of 

�-glucans on water uptake during steeping9. Additionally, 
the capacity of the Spanish barleys to give equivalent ex-
tracts to their Scottish counterparts, despite higher levels 
of protein and �-glucans, was attributed to their different 
hordein composition and their greater ability to produce �-
glucanases during germination2. 

Subsequent studies focused on comparing environ-
ments, using barleys from the North and South of Europe8. 
However, when samples of the variety Alexis grown both 
in Scandinavia and the Iberian Peninsula were analysed, 
B-hordeins showed a strong negative effect along with 
barley protein content on the extract development of the 
Nordic (Scandinavian) samples8. In an attempt to clarify 
these apparently inconsistent results, we have studied the 
malting behaviour of the barley variety Scarlett, presently 
widely accepted by the brewing industry and successfully 
grown in many European regions. 
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Forty one samples of the malting barley variety Scarlett 
were collected in Scandinavia (25 samples) and the Iberian 
Peninsula (16 samples) in 1998 and 1999 (Table I). The 
Scandinavian samples were from Denmark (10 samples) 
and Finland (15 samples) and those of the Iberian Peninsula 
were from Spain (14 samples) and Portugal (1 sample). 

The most marked difference between these two Euro-
pean regions is that, in the Scandinavian countries, spring 
barley varieties are spring-sown by definition, with a grow-
ing period from March to August. By contrast, a great deal 
of spring barley in the Iberian Peninsula is autumn-sown. 
Thus Scandinavian barleys are grown under a regime of 
long days and mild temperatures, while, in the Iberian Pen-
insula, barley experiences both short and long days in ad-
dition to both cold (winter) and hot (spring) temperatures. 
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Barley samples were screened over a 2.2 mm sieve and 
the grains >2.2 mm were collected for further use. The 
total barley protein content was analysed prior to micro-
malting, which was carried out according to the procedure 
previously described11. Malt analyses were carried out ac-
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cording to the EBC official methods3, for extract yield, 
total and soluble protein content, Kolbach index, apparent 
final attenuation and viscosity of Congress wort. 
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Hordein fractionation was carried out with high per-
formance liquid chromatography (HPLC), following the 
method of Marchylo et al.4,5. �-Glucan analysis was car-
ried out by an enzymatic method7, determining both the 
total content and the fraction insoluble in water at 38ºC. 
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Analysis of variance (general linear model), box-and-
whisker plots and principal component analysis were 
carried out with Statgraphics 4.115. Principal component 
analysis consists of transforming a set of variables, x1, …, 
xp, into a new set, y1, …, yp, so that each principal com-

ponent represents an uncorrelated linear combination of 
original variables. Most of the variability can thus be sum-
marised into the first few principal components, i.e. those 
with the highest variances, simplifying interpretation of the 
original data6 and easing consideration of the differences 
between samples. The correlation matrix of the standard-
ised values of the quality characters was used to calculate 
the eigenvalues of the covariance matrix and the principal 
components. The choice of this matrix is justified because 
the quality characters were measured in different units, so 
it was necessary to devise a uniform scale. 
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The Scarlett barley samples derived from sites repre-
sentative of the wide contrasts in barley growing area, 

TABLE I. Geographical and climatic data on the sites where the Scarlett barley samples were collected. (FI: Finland, DK: Denmark, S: Spain,  
P: Portugal) 

 
Country 

 
Site 

 
Year 

 
Longitude 

 
Latitude 

Altitude 
(m) 

 
Rainfall1 

Tempera-
ture2 

Sowing 
time3 

Heading 
time4 

Maturity 
time5 

FI Mietoinen 98 60º38’ N 21º51’ E 14 92.6 14.9 May June August 
FI Mietoinen 98 60º38’ N 21º51’ E 14 123.3 14.6 May June August 
FI Vihti 98 60º21’ N 24º23’ E 49 139.4 13.4 May June August 
FI Jokioinen 98 60º49’ N 23º29’ E 104 117.3 13.8 May June August 
FI Pälkäne 98 61º20’ N 24º13’ E 100 159.6 14.3 May June August 
FI Jokioinen 98 60º49’ N 23º29’ E 104 118.0 13.8 May June August 
FI Jokioinen 98 60º49’ N 23º29’ E 104 117.9 13.5 May June August 
FI Jokioinen 99 60º49’ N 23º29’ E 104 40.1 17.8 May June August 
FI Pälkäne 99 61º20’ N 24º13’ E 100 48.6 17.2 May June August 
FI Inkoo 99 60º05’ N 24º00’ E 23 53.7 17.2 May June August 
FI Ylistaro 99 62º57’ N 22º30’ E 26 34.5 16.7 May June August 
FI Jokioinen 99 60º49’ N 23º29’ E 104 40.1 17.8 May June August 
FI Pälkäne 99 61º20’ N 24º13’ E 100 48.6 17.2 May June August 
FI Mietoinen 99 60º38’ N 21º51’ E 14 24.2 17.3 May June August 
FI Jokioinen 99 60º49’ N 23º29’ E 14 40.1 17.8 May June August 
DK Sejet 99 55º50’ N 10º00’ E 10 55.0 17.6 March June August 
DK Nr. Aaby 99 55º30’ N 09º50’ E 15 56.0 17.5 March June August 
DK Roskilde 99 55º40’ N 12º10’ E 20 26.0 17.5 March June August 
DK Naestved 99 55º15’ N 11º40’ E 15 53.0 17.3 March June August 
DK Karise 99 55º20’ N 12º10’ E 20 53.0 17.3 March June August 
DK Stevns 99 55º20’ N 12º20’ E 20 53.0 17.3 March June August 
DK Mon 99 54º55’ N 12º20’ E 25 53.0 18.1 March June August 
DK Brovst 99 57º05’ N 09º20’ E 30 62.0 16.4 March June August 
DK Fjellerad 99 57º00’ N 10º10’ E 20 62.0 16.4 March June August 
DK Hadsund 99 56º45’ N 10º00’ E 40 49.0 16.7 March June August 
S Alava1 99 42º45’ N 03º03’ W 473 46.1 19.1 February June July 
S Alava2 99 42º51’ N 02º38’ W 515 47.3 17.3 February June July 
S Huesca 99 42º05’ N 00º26’ W 488 63.0 20.7 December May July 
S Zaragoza 99 41º37’ N 00º42’ W 195 25.1 25.3 December May June 
S Badajoz1 99 38º46’ N 06º24’ W 235 57.0 22.1 November April June 
S Alava3 99 42º51’ N 02º39’ W 545 49.5 17.5 February June July 
S Burgos 98 42º12’ N 03º40’ W 814 48.6 21.0 February June August 
S Valladolid 98 41º34’ N 04º42’ W 770 22.4 20.5 January June July 
S Badajoz 98 38º45’ N 06º21’ W 221 50.0 19.1 November April June 
S Albacete 98 39º05’ N 01º58’ W 686 26.1 19.3 December April June 
P Elvas 98 40º05’ N 07º10’ W 300 56.3 20.8 November April June 
S Salamanca1 99 40º07’ N 05º09’ W 868 29.0 19.9 November May June 
S Soria 99 41º51’ N 02º12’ W 1062 31.2 18.2 February June June 
S Albacete 99 39º05’ N 01º58’ W 686 26.4 19.5 January May June 
S Badajoz2 99 38º45’ N 06º21’ W 221 50.4 20.1 November April June 
S Salamanca2 99 40º05’ N 05º11’ W 899 32.4 19.0 November May July 
1 Total rainfall during grain filling period. 
2 Mean temperature during grain filling period. 
3 Months when sowing occurred, as an average. 
4 Months when heading occurred, as an average. 
5 Months when maturity occurred, as an average. 
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both in latitude and longitude and, particularly in Spain, in 
altitude (Table I). Most environmental conditions of the 
barley culture were thus explored. The contrasting grow-
ing regimes of Northern and Southern Europe were ex-
emplified by the differences in sowing time (spring in 
Scandinavia and autumn-winter in the Iberian Peninsula), 
heading time (summer in Scandinavia and spring in the 
Iberian Peninsula), and maturity (late summer in the 
northern region and early summer in the South). The grain 
development period is, therefore, more humid, with milder 
temperatures, in Scandinavia than in the Iberian Peninsula. 
However, the extent of variation within both regions is 
also very large. 

Variation in the most relevant of these quality parame-
ters is presented graphically in Fig. 1, where the box-and-
whisker plots show the extent of the total variation within 
either of the two regions. This type of plot summarises a 
set of univariate observations and enables comparison of 
distributions and identification of outliers. The data is di-
vided into four areas of equal frequency. The box encloses 
the middle 50 % of the data. The median is drawn as a 
vertical line inside the box and the mean is a cross, also 

inside the box. Two horizontal lines, called whiskers, ex-
tend from each end of the box, the left whisker extends 
from the first quartile to the smallest data point within 1.5 
interquartile ranges of it, while the right one, extends from 
the third quartile to the largest data point within 1.5 inter-
quartile ranges of it. 

Some of the distributions seem to be skewed towards 
the lower values (barley protein and D hordein at both 
regions) or to the higher (total and insoluble barley �-glu-
cans in the South). 

The arithmetic means of the grain and malt quality pa-
rameters are listed by regions (Scandinavia and Iberian 
Peninsula) in Table II, together with their level of signifi-
cance after analyses of variance on the raw data. Equiva-
lent mean levels were attained at both regions for most of 
the barley and malt quality parameters. However, the 
Scandinavian samples of Scarlett, when compared with 
their Iberian Peninsula counterparts, had slightly higher 
malt extract yield (82.46 vs. 81.62%; p<0.05). They also 
showed higher total �-glucan levels in barley (4.48 vs. 
4.12%; p<0.05) and malt (1.53 vs. 1.06%; p<0.05), but the 
relative proportion of total barley �-glucans degraded dur-

 

FIG. 1. Box-and-whisker plots of several quality parameters in Scarlett barley samples from Scandinavia and the Iberian Peninsula. 
Details of the plotting technique are given in the text. S: Scandinavia, I: Iberian Peninsula, BPRT: barley total protein content (%), 
DHOR: barley D-hordein content (arbitrary units), BC: ratio of barley B to C hordein. BTBGLU: barley TOTAL �-glucans (%), 
BINBGLU: barley insoluble �-glucans (%), EXT: malt extract yield (%). 
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ing malting, was significantly smaller (66.92 vs. 75.79%; 
p<0.05). The more incomplete digestion of �-glucans led 
to a higher viscosity in the Scandinavian worts (1.60 vs. 
1.51 mPa.s; p<0.05). These results suggest a higher �-glu-
canase activity in the Iberian barleys, as observed in previ-
ous work2,18 and consequently, a more thorough cell wall 
modification, although some other factors, such as cell 
wall thickness, cross-linking between �-glucans and pro-
tein, mealiness/steeliness of the grain, etc. may exist 
among the large amount of samples examined. 

The protein degradation of the Scandinavian barleys 
was more limited than in the southern ones, with lower 
wort soluble protein (4.94 vs. 5.30%; p<0.05) and Kol-
bach index (44.71 vs. 45.57; p<0.05). Despite the higher 
proportion of proteinaceous material in the southern worts, 
Scandinavian samples also showed lower fermentabilities, 
as apparent final attenuation was also smaller (82.51 vs. 
83.73%; p<0.05). These data suggest differences in wort 
carbohydrate profiles that may result from limited amylo-
lytic activity in the Scarlett samples from the North of 
Europe. Similar results have been observed when compar-
ing Spanish vs. Scottish barleys for both �-amylase ac-
tivity12,18 and �-amylase activity17. Additionally, as �-glu-
canase would still be active in the early stages of mashing, 
the fermentable carbohydrates may comprise glucose in 
the products of cell wall breakdown. 

These results suggest that similar extract levels are ob-
tained by different mechanisms in the two groups of bar-
leys. The environment may thus be hypothesised to induce 
differences in the metabolic pathways that affect germina-
tion, these differences being of quantitative type, i.e. 
linked to the rate of germination and, therefore, to the 
quantity of enzyme produced at the end of it. Ultimately, 
all these processes might be a consequence of the hor-
monal differences existing between Nordic and southern 
barleys, as shown by Romagosa et al.14 who found higher 
abscisic acid (ABA) levels in Scottish compared to Span-
ish barleys. ABA is known to influence the dormancy/ 

germination system by repressing germination (reviewed 
in1). 
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The existing differences between these two groups of 
barleys were explored using principal component analysis. 
The advantage of this statistical technique is that it allows 
interpretation of complex phenomena with the aid of a 
two-dimensional graph, as described above. 

Several consecutive rounds of calculation were carried 
out, eliminating each time any variable that did not show 
any effect on extract yield, or correlated variables whose 
effect was of the same size. This aimed to maximise the 
percentage of variance explained by the first two principal 
components. Among the correlated variables, all the hor-
dein fractions were strongly and significantly correlated 
(p<0.05) with extract yield negatively in both regions. In 
the final model, therefore, only D-hordein and B/C ratio 
have been retained as representatives. The same applies to 
barley soluble �-glucans (correlated with barley total �-
glucans) and wort soluble protein (correlated with total 
barley protein). 

In Fig. 2, the principal component analysis graphs of 
the Scandinavian (top) and Iberian(bottom) barleys are 
presented. With the Nordic samples, the two first axes 
accounted for 85% of the total variation, and 66% in the 
Iberian. Both graphs therefore contain enough information 
to explore the overall trends in both sets of quality data. 

In both cases, higher malt extract yields were asso-
ciated with the negative direction of Component 1, while 
barley protein increased in the opposite direction. Malt ex-
tract increased with the increases in Kolbach index, ap-
parent final attenuation, B/C hordein ratio and �-glucan 
degradation. Conversely, it decreased when barley protein, 
D-hordein, malt total �-glucan and wort viscosity in-
creased. 

There is, however, a very clear difference between 

TABLE II. Means of a set of barley and malt quality parameters in samples of the cv. Scarlett from Scandinavia and the Iberian Peninsula, harvested 
in1998 and 1999. 

Quality parameter Scandinavia1,2 Iberian Peninsula1,3 

Barley protein (N x 6.25, %) 11.60a 11.91a 
Barley B hordein (arbitrary units) 4554a 4800a 
Barley C hordein (arbitrary units) 2558a 2315a 
Barley D hordein (arbitrary units) 441a 454a 
Barley total hordein (arbitrary units) 7553a 7568a 
Barley B/C hordein ratio 2.15a 2.39a 
Barley B/D hordein ratio 10.45a 10.49a 
Barley C/D hordein ratio 5.37a 4.85a 
Barley total �-glucans (%) 4.48a 4.12b 
Barley soluble �-glucans (%) 1.85a 1.66a 
Barley insoluble �-glucans (%) 2.72a 2.63a 
Malt extract yield (%) 82.46a 81.62b 
Malt total protein (%) 10.90a 11.08a 
Wort soluble protein (%) 4.94a 5.30b 
Malt Kolbach index  44.71a 45.57b 
Wort viscosity (mPa.s) 1.60a 1.51b 
Wort apparent final attenuation (%) 82.51a 83.73b 
Malt total �-glucans (%) 1.53a 1.06b 
�-glucans degradation (%)4 66.92a 75.79b 
1 Means, in bold type, followed by a different letter are significantly different at least at p<0.05 after analysis of variance. 
2 Scandinavia, n=25 samples. 
3 Iberian Peninsula, n=16 samples. 
4 Percent of total barley �-glucans – total malt �-glucans. 
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Scandinavian and Iberian barleys in Fig. 2, i.e. the oppo-
site way in which total barley �-glucan and its insoluble 
fraction affect malt extract. They are positively associated 
with increases in extract in the Iberian samples, but cause 
decreases in Scandinavian barleys. Additionally, there is a 
quantitative difference between these barleys with regard 
to wort viscosity (p<0.05). It has a greater negative effect 
on malt extract in the Scandinavian than in the Iberian, 
indicating less complete �-glucan hydrolysis. 

These results may be explained by the difference of en-
zyme levels between these groups of barleys. In the South, 
the higher total and, particularly, insoluble barley �-glucan 
content may have contributed positively to increases in ex-
tract because they are degraded to a large extent and add 
fermentable material to the wort. This could result from 
the higher enzymatic capacity of these barleys, as shown 
by Ellis et al.2. Barley �-glucan content would not, there-
fore, be a positive trait unless it was linked to a high �-
glucanase activity. The very different environmental con-
ditions between the barley growing regimes in Northern 
and Southern Europe may alter the hormonal balance 
which, ultimately, conditions the capacity of the aleurone 

layer to synthesise and release the hydrolytic enzymes that 
will degrade the endosperm reserves, leading to a higher 
quantity of solutes in the wort. 

The results presented here do not totally agree with 
those previously published on models of malt extract de-
velopment in Scandinavia and the Iberian Peninsula8. Pre-
viously there was no recorded effect of �-glucans that was 
responsible for the differences between these two groups 
of barleys. Conversely, only total barley protein and B-
hordeins appeared to have a role in explaining the differ-
ences in extract development. These differences were of 
quantitative (size) but not qualitative (sign) nature, be-
cause both negatively influenced extract, albeit to a differ-
ent extent, in both regions. The effects of protein have also 
been shown in the present research. 

The reasons for the discrepancies between these two 
studies, regarding the effect of �-glucans, may be com-
plex. However the use of different cultivars (Alexis vs. 
Scarlett) might influence the characteristics analysed in a 
different way, as shown in studies of Spanish vs. Scottish 
barleys2,8-10,17,18. In these, the cultivar effect was always 
significant, albeit of smaller size than the effect of envi-
ronment. The same result has been obtained by many 
other workers studying the genetic and environmental 
effects on malting quality characters (reviewed in13). 

The final conclusion of the present experiment is that, 
depending on cultivar, the environment may modify the 
quantity of �-glucans synthesised and the differential de-
velopment of enzymes able to degrade them into ferment-
able sugars and thus extract. The products of cell wall 
modification could thus enhance the final extract. These 
results should be validated by using commercial lots of 
barley and malt, since at industrial level only small quality 
differences induced by environment into barley and malt 
batches can be tolerated. 
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FIG. 2. Principal component analysis graphs of several quality 
parameters in Scarlett barley samples from Scandinavia (top) 
and the Iberian Peninsula (bottom). The points represent the dif-
ferent Scarlett samples. EXT: malt extract yield (%), BIN-
BGLU: barley insoluble �-glucans (%), KOL: Kolbach index 
(%), ATE: apparent final attenuation (%), BTBGLU: barley total 
�-glucans (%), DEGRAD: �-glucan degradation (BTBGLU-
MTBGLU (%), DHOR: barley D-hordein content (arbitrary 
units), BPRT: total barley protein (%), VIS: wort viscosity 
(mPa.s), MTBGLU: malt total �-glucans (%), BC: ratio of bar-
ley B to C hordein. The lines are vectors representing the quality 
characters studied. The length of the projection of each of them 
on each principal component axis measures the weight of its 
influence on that axis, whereas the angle between each two vec-
tors is inversely proportional to the correlation existing between 
them. 
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