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Mineral Nutrients and Malt Quality of Spring
Barley (Hordeum vulgare 1..)

Samples of barley grains from 10 varieties and 8 locations were analysed on 48 mineral nutrients and 13 malt quality para-
meters. The article presents means, ranges of variation and (expanded) measurement uncertainties. For many elements a
significant influence of varieties could be found. The statistical analysis includes the calculation of coefficients of correlation
between the element content and the quality parameters using a covariance analysis in order to eliminate the variety effects
(partial coefficent rp). The closest positve r, (adjusted by varieties) to malt quality have been found for K, Pb, Mo and Na.
Most of minerals correlate negatively to the malt quality index, especially Zn (rp= -0,67), Mg (rp= —0,47) and Fe (rp= —-0,43).
The opposite behaviour of zinc in malt and yeast is discussed, as well as the physiological background of the minerals with

relation to the malt quality and the practical relevance of the results for farming and breeding.
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1 Introduction

Mineral nutrients are essential for the growth of plants. While the
macronutrients (nitrogen, phosphorus, potassium, magnesium,
sulphur and calcium) have to be provided in larger amounts by
the application of fertilizer, the micronutrients (trace elements)
— mainly sodium, iron, manganese, copper, zinc, molybdenum,
boron and chlorine — are also important, but play a minor role in
fertilizer application because the supply of the soil is often suf-
ficient. Further minerals of limited or unknown importance are
silicium, nickel, cobalt, aluminum, selenium, fluorine, cadmium,
lead, arsenic, uranium and vanadium [1]. According to Mengel
[2]iodine, brome, fluorine, aluminum, nickel and selenium have a
negative influence on plants, depending on their concentration.

This list does not describe the entire spectrum of all mineral
nutrients present in plants. From almost every group of elements
in the periodic table of elements a representative member can be
found in plants due to their natural occurrence in the soil (noble
metals like silver or gold) or immissions from the environment
(caesium, strontium). In recent times, the lanthanides have caught
interest due to positive effects in animal nutrition [3, 4, 5].

The physiological function of micro and macro nutrients has been

clarified to a large extent. Except for the non-metals as important
parts of organic molecules, they are either components of enzymes
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or act as activators or substrates for enzymes. In addition, they
are important for the phyto hormones and the water balance in
plants [2, 1].

While the requirements of crops for major nutrients are known,
and their environmental behaviour as well, deficits in knowledge
do exist, however, regarding the classical trace elements and even
more the miscellaneous elements, in particular with respect to their
influence on the quality of the final product.

As faras symptoms of micronutrient deficitare visible, application
of fertilizer will improve the quality. But it is not yet clear to what
extent these elements are responsible — in a positive or negative
way — for the quality performance of plants in a range of deficit
which produces no symptoms.

An example for a still unknown interrelation of mineral nutrients
and product quality is malting barley. It is well known from pre-
vious publications [6, 7, 8] that phosphorus and potassium reduce
the husk content of the barley grain, improve the grain shape and
therefore increase extract yield for beer production. Vice versa
intensifying nitrogen (N) application increases the risk for lodging
associated with inferior grain shape and increased protein content
which both influence malt quality in a negative way. But few
results have been published about the importance of the mineral
nutrients for malt quality of barley.

Hopule [9] describes the content of K, Na, Ca, Mg, Cu, Fe, Mn
and Zn in spring barley malt produced from seven varieties grown
at eight locations in Germany. Contents of K, Ca, Mg and Mn
are determined in a similar way, both from variety and location,
whereas Na, Cu, Fe and Zn content in the malt is more influenced
by location than by variety. In the same study, the influence of
malting technology on the composition of the mineral nutrients
was also reported. Malting conditions show only a minor influ-
ence on the micronutrients. The germination time had the largest
effect. Correlations between single elements and malt quality
parameters were not presented. The studies from Schippers [10]
and Grau[11]about the presence of mineral nutrients in grains and
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their meaning for grain quality also do not offer any information
about the context of malt quality and mineral nutrients. Neither
does the research paper from Mengel and Forster [12] provide
any clarification on the influence of K on malt quality of water-
cultivated spring barley.

Data about the influence of Ca and Na content in malt are available
for one particular trait, Hartong No. [13]. According to this study,
increasing Na content enhances malt quality, while increasing
amounts of Ca in the malt has a contrary effect. Both effects are
significantly influenced by location and variety.

The element zinc plays a special role in the brewing process.
A sufficient supply of the yeast with zinc is necessary to avoid
disturbance during fermentation. Zinc ions enhance cell division
and accelerate the fermentation because they improve the uptake
of maltose and maltotriose by yeast. An experimental prove of
the enhanced growth rate of yeast was published [14]. Zinc con-
tent in standard wort should be in a range of 0.15-0.20 mg/I
[15]. These authors also point out that up to 98 % of the zinc
made available by the malt is precipitated during wort boiling
and remains in the draff, where it is not available for the feeding
of the yeast. More recent studies by Kiihbeck [16] confirm these
findings both experimentally and through evaluation of further
publications.

Nevertheless, plant breeders have shown interest for the modi-
fication of the content of mineral nutrients in wheat and barley.
Differences were detected between varieties of both species
regarding P, K, Ca and Mg [17]. The genetic background has
been considered sufficient for the selection during breeding, in
particular when performed on the basis of family means instead
of individual plants.

In view of still deficient data sources, the authors of this paper
have carried out an extensive analysis of the mineral content of
spring barley grains. In this context, the relations between mineral
nutrients and the major malt quality parameters from the produced
malt have also been analysed. The results present for the first time
an almost complete overview of the mineral compounds in the
malting barley grain. Simultaneously, the correlations between the
individual elements and malt quality have been calculated. The
analyses include 48 cationic elements, but no anionic elements
like P, S or Cl.

2  Materials and methods
2.1 Plant material

Samples from the official Bavarian variety trials from the year
2003 were used for this study. The characteristics of the eight
locations where the two-rowed spring barley was grown are
described in Table 1.

The variety trials are preformed with the two factors, variety and
treatment. The varieties were grown with two treatment levels
of fertilizer and pesticides. For the presented study only level 1
was analysed which was treated with an N level reduced by

20-30 kg N ha' compared to the local standard level. A bulked
sample from three replications of each variety was used for the
analyses.

The tested varieties (Annabell, Auriga, Barke, Braemar, Danuta,
Margret, Pasadena, Ria, Scarlett and Ursa) represent typical mal-
ting barley varieties with a good to very good score in the malt
quality index (MQI) and a medium to very good grain quality.
In contrast to the malt quality parameters, agronomic parameters
like yield and disease resistance show a larger variation on the
panel of varieties.

2.2 Analysis of malt quality

The N content of the grain was analysed with an Elementar analysis
device according to the method DUMAS, and crude protein was
calculated according to the equation “Crude Protein =N x 6,25”.
The amount of mineral nutrients was also assessed, using the
untreated barley grains from treatment level 1. All other quality
parameters represent results from malted barley.

Micromalt of barley samples

The procedure applied for this study has been described by ME-
BAK [18] and is a standard procedure for micromalt since 1971.
The protocol was adapted for the application by the automated
micromaltdevices (Phoenix Micromalt Systems Pty Ltd., Edward-
stown/Australia). From each sample, 220 g grains from the grading
fraction >2.5 mm were loaded into the slotted drums of 20 cm
diameter. For a time course of 72 h under a constant temperature
of 14 °C, steeping and air rest alternate in defined cycles. The
water content of the grains is adjusted to 45 % by adding water
manually up to three times during steeping.

The subsequent germination step requires 72 h at a constant tem-
perature of 14 °C and relative humidity of 95-98 %. During 10 %
of the germination time, the drums rotate with a speed of 5 rpm.

Kilning of the germinated grains takes 23 h in total. The process
starts at 45 % water contentand a 16 h kilning step ata temperature
of 50 °C. The temperature is slowly increased by holding for one
hour at 60 °C and one hour at 70 °C until the final temperature of
80 °C is reached which is held for 5 h.

After kilning, radicles are mechanically removed and after storage
for 14 days, the malt is analysed in the laboratory.

Determination of malt quality
Following parameters of the malt are analysed:

Brabender (Nm): The power for milling of 15 g malt is measured
by an electrodynamic device (Brabender). A low energy for the
milling process characterizes a good cytolytic potential of the
malt.

Friabilimeter (%): The friability of the maltis analysed by grinding
the malt with a rubber cylinder and grading the ground material
with a sieve of defined size. A high percentage of grain which is
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pressed through the sieve is desired and delivers an estimation for
the quality of the cytolysis.

Glassiness (%): The residue remaining in the sieve of the fria-
bilimeter procedure represents the proportion of hardly solved
malt and is required to be as low as possible for good malt qua-
lity.

Soluble nitrogen (mg N (100g)! DM): The amount of nitrogen
solved in the wort is measured by the DUMAS method and its
ratio to the dry matter is determined. The soluble nitrogen should
be in a range close to 700 mg (100g)™".

Kolbach index (%): The proportion of protein (N x 6.25) in the
congress wort compared to the protein content of the malt should
stay in a range between 40 and 42 %.

Hartong No. (%): This index describes the proportion of extract
in a mash of 45 °C temperature compared to the maximal extract
content in a 70 °C congress mash. This parameter mirrors the
gelatinization of the starch and should reach a high level [13].

Malt extract(%): All compounds which are solved during mashing
are summarized by the measure of the density of the wort. A high
level of malt extract is preferred.

Apparent attenuation (%): This parameter characterizes the
degradation of starch in the wort and is determined by measu-
rement of fermentable extract. A good malt shows an apparent
attenuation >80 %.

Viscosity (mPa*s): With a Brookfield laboratory viscometer the
torque of the wort at 20 °C is measured. A low value (<1,5 mPa*s)
represents a good degradation of hemi cellulose to fragments of
low molecular size.

Colour of wort (EBC units): Colour and transparence of the wort
are determined photometrically according to the protocol of the
European Brewing Convention. A low value is desired.

pH-value: To ensure optimum efficiency of all enzymes, the pH-
value of the congress wort at 20 °C should not differ considerably
from 5.9.

Malt quality index (MQI): This index summarizes characteristic
malt parameters, Hartong No., friabilimeter, malt extract and
apparent attenuation. The biased sum of these parameters is the
basis for a simplified classification into quality categories for
breeders and farmers.

2.3 Analytics of the mineral nutrients
Chemical pulping of samples

The standard method using aqua regia for a chemical pulping of
the samples does not allow one to determine the total content of the
full range of elements. Considering the diversity and the very low
concentration of the analysed elements, chemical pulping under
pressure with azotic acid was necessary. This is a well-established

method at the Bavarian State Institute of Forestry for determining
the element content of plants.

Samples were dried at 105 °C and ground to grain size <0.5 mm
with a mill, avoiding contamination. The ground samples were
pulped in a pressure ashing device (Seif Aufschlusstechnik, Ger-
many). In a quartz tube 120—180 mg of sample were incubated for
6 h under pressure at 168 °C in 1.0 ml distilled azotic acid. After
the reaction, water is added to the chilled mixture to a volume of
15 ml and the solution is analysed directly.

Analytical measurements

The majority of the samples was analysed by mass spectrometry
(ICP-MS) using the Agilent 75001 spectrometer (Agilent Techno-
logies). This device allows online dosage of the internal standard
(50 ug I'" In-115) and direct calibration using matrix-adjusted
mixed standards. The method permits the detection of the following
isotopes in ng g'' DM above the detection limit (36 of the blank
value; see bracketed values):

Ag-107 (5), Al-27 (300), As-75 (4), Au-197 (0.3), B-11 (100),
Ba-137 (60), Be-9 (0.3), Bi-207 (0.3), Cd-111 (1), Ce-140 (0.7),
Co-59 (2), Cr-52 (90) Cu-63 (100), Dy-163 (0.07), Er-166 (0.04),
Eu-153 (0.02), Fe-57 (1000), Ga-69 (4), Gd-157 (0.06), Ge-72
(4), Hf-178 (2), Ho-165 (0.01), Ir-193 (0.7), La-139 (0.7), Li-7
(1), Lu-175 (0.01), Mo-95 (6), Na-23 (300), Nb-93 (0.5), Nd-146
(0.3), Ni-60 (300), Os-189 (0.5), Pb-208/209 (10), Pd-105 (1),
Pr-141 (0.08), Pt-195 (0.1), Rb-85 (6), Re-185 (0.07), Rh-103
(0.06), Ru-101 (0.06), Sb-121 (0.4), Sc-45 (4), Se-82 (20), Si-28
(24000), Sm-147(0.1), Sn-118 (2), St-88 (3), Ta-181 (50), Tb-159
(0.02), Te-125 (1), Th-232 (1), Ti-47 (300), T1-205 (0.1), Tm-169
(0.007), U-238 (0.3), V-51 (1), W-182 (500), Yb-172 (0.08), Zn-
66 (400) und Zr-90 (8).

Because of their higher level, for the analysis of Ca, Mg, and Mn
anoptical emission spectrometry measurement using the OPTIMA
3000 (Perkin Elmer) was a more appropriate tool.

The following elements were analysed, but could not be quan-
tified in a sufficient accuracy in the samples and were therefore
excluded from testing: Bi, Hf, Ir, Li, Ni, Pd, Ru, Se, Sm, Sn, Ta,
Te, Ti, T, W und Zr.

In total, the 80 malt samples [10 varieties, 8 locations) could
be analysed for 48 elements (duplicate analyses) and 13 quality
parameters (single analysis).

2.4 Statistical analyses

Analysis of variance (ANOVA) was performed for the content of
mineral elements based on a two factorial design with two repli-
cations. The factor location was defined as random and the factor
varieties as fixed. Because no replications of field samples were
available, both factors were tested against the interactions location
x variety using the F statistic. Measurement error (measurement
uncertainty) and coefficient of variation (standard deviation in
% of mean) result from the residual variance (laboratory sample
error). In Table 3 the doubled value of measurement error (“ex-
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panded measurement uncertainty”) is displayed in order to assure
a significance level of ca. 5 %.

The calculation of a measurement error for the malt quality para-
meters was omitted due to the single analysis.

For the calculation of correlations inhomogenity of data caused
by the significant varietal effects could be avoided by using a co-
variance analysis and partial correlation coefficients to eliminate
the varietal effects.

All statistical calculations were performed using the Statistical
Analysis System (SAS) version 9.1 [19].

3  Results
3.1 Element content

One main objective of the study was the determination of the
entire spectrum of mineral elements stored in the barley grain. As
displayed in Table 2 a total 0of 48 elements could be quantified. The
specification of the range of variation and the expanded measu-
rement uncertainty (doubled standard deviation) is presented and
characterizes the means and their quality respectively depending
on location and variety. The last column of Table 2 displays the
result of the F test for the fixed factor variety.

The contents of alkaline and alkaline earth metals in the grain
except beryllium (Be) show a large range of variation which has
a high significance for the influence of the variety. Potassium (K)
and magnesium (Mg) show the smallest range of variation, but
are also highly significant determined by the variety.

Also the elements of the 35" main group have a large dispersion
(CV 10-50 %). Only silicium (Si) and arsenic (As) do not reach
the 5 % significance level for varieties.

The elements of the B group excluding noble metals from cad-
mium (Cd) to zinc (Zn) show also a coefficient of variation (CV)
over 10 %. Cobalt (Co), chrome (Cr), niob (Nb), scandium (Sc)
and vanadium (V) are not significantly influenced by the variety.
Due to their rareness, the values of these elements show a relative
high measurement error.

The general content of noble metals is also at a very low level.
They show variation between locations, but no differences between
varieties except gold (Au).

From the 15 members in the groups of the lanthanides and acti-
nides which are present in traces, only thulium (Tm) has a variety
specific variation.

In general, this survey shows that the origin of the sample causes
arelative large range of variation of micro elements in the barley
grain. But also in many cases, in particular for the classical micro
and macro nutrients (K, Na, Mg, Cu, Fe, Mn, Mo, Zn), a strong
influence of the variety is responsible for the variation of their
content in the grain. Therefore solitary results (origin or variety)

have only a limited informative value. Considering the presented
remarkable range of variation, reliable interrelations with other
parameters characterizing quality can be assumed.

3.2 Malt quality parameters

Table 3 summarizes the statistics of malt quality parameters of
varieties and locations. An important observation is the remarkable
range of variation in all parameters, even though all tested barley
varieties have a very high level of malt quality. These observa-
tions are confirmed by the results of the ANOVA which shows
high significant effects of the variety except for the parameter
glassiness.

Detailed attention was drawn to the parameter malt quality in-
dex (MQI) which includes the single parameters Hartong No.,
friabilimeter, malt extract and apparent attenuation. The mean of
8.50, a coefficient of variation of 16.4 % and a range of 5.5-11.3
include high significant varietal effects (P> F < 0.01 %); effects
of locations are not presented. These results represent a sufficient
basis of data for the analysis of interrelations between malt quality
and mineral content.

3.3 Correlation between element content and malt quality

The statistical model includes the random variables “location” and
“replications of measurement” and the fixed variable “variety”.
Valid correlations depend on random variables. In order to avoid
biased data caused by varietal influence, analysis of covariance
was applied to generate partial coefficients of correlation.

Table 4 displays the partial correlations (rp) of the 12 single
parameters of malt quality with the micro elements as far as |r |
reaches a level > 0.40. The coefficient of determination (rpz) at
this limit amounts 16 %.

Several malt quality parameters are highly significant correlated
to the content of mineral nutrients, with exception of Kolbach
index, glassiness and wort colour, having a correlation between
= 0,40 (Sc) and = —0,63 (Zn, Pb)).

The “mass element” potassium (K) is negatively correlated with
crude protein content and also with brabender —hence malt quality
is increased by this element.

Among the other elements, iron (Fe) and lead (Pb) show on five
quality parameters a high r . Fe increases crude protein, braben-
der and viscosity, and decreases the values for Hartong No. and
apparent attenuation and therefore decrease malt quality. Unex-
pectedly, lead content (Pb) has only positive effects, proven by the
positive correlations to friabilimeter, Hartong No. and apparent
attenuation as well as by the negative correlations to brabender
and viscosity.

Znand Sbshowa|r |>0.40 for four quality parameters. Znincreases
protein content and brabender, but reduces friability and extract; this
element causes a general loss of quality. For Sb a contrary effect
can be observed. The element is correlated with improvement of
brabender, friability, apparent attenuation and viscosity.
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Significant correlations with |rp| > 0.40 to only two malt quali-
ty parameters are provided by Mn, Mo, Cd and gallium (Ga),
identifying Mn (crude protein, soluble N), Cd (brabender, viscos-
ity) and Ga (extract, pH) as depleting factors and Mo (brabender,
apparent attenuation) as a increasing element regarding malt
quality.

For only one quality parameter negative correlations are to be
ascertained for As with soluble N, Ge and Mg with extract and
Cu with viscosity. On the contrary positive correlations exist for
Na with extract, Sc with apparent attention and Ba, Eu, Sr with
pH-value. The positiver with pH mustberated negatively because
strong variation of this parameter is undesirable.

Very important information is provided by the analysis of the inter-
relation of the malt quality index (MQI) and the mineral nutrients.
Table 5 comprises an overview over all 48 analysed elements.

The criterion |rp| > 0.40 for the MQI is only performed by Fe (rP
=-0.43), Mg (r,=-0.47) and Zn (r,= -0.67). Not only Mg, but
also the heavy metals Fe and Zn show negative effects on malt
quality. The element Zn has an extraordinary influence on MQI;
45 % (rp: —0.67) of MQI is controlled by this metal. As shown in
Figure 1 all varieties show a negative reaction against increasing
Zn uptake independent of their total Zn level.

The last chart in Figure 1 illustrates the regression of the means
of the locations expressed by the equation

MQI = 16,439 — 0,2906*Zn

The coefficient of determination is r> = 0.676. The coefficient
of regression and r? are biased by the influence of the variety.
The unbiased results adjusted by analysis of covariance are b =
—0.2411and r?=0.45. One additional ug of Zn reduces the MQI
by 0.24 pomts

Between Mg and Zn there is a varietal adjusted correlation of r
=0.68 and between Zn and Fe of r =0.22. If the influence of Mg
and Fe, respectively, is eliminated, the following coefficients for
the relation between Zn and MQI can be calculated:

bp’Mg =-0.2314 (h.s.); Ty

— . 2 —
=053 2=028

bp’Fe =-0.2170 (h.s.); . —-0.65; rpfe2 =042

This means that Fe does not influence at all the interrelation
between Zn and MQI, whereas Mg only reduces the coefficient
of determination, which is an expression for the dispersion of the
values around the regression line. Due to the negative correlations
of Mg and Fe to the character MQI, a low content of Zn, Fe and

Mg is desirable with respect to malt quality.

Regarding further high significant but |rp| < 0,40 correlations (P>
F <0,01) as shown in Table 5, the following elements also have
relevance for the specification of the MQI (rp in brackets):

Al (-0.23), Au (-0.29), Ba (-0.33), Ca (~0.33), Cd (-0.22), Eu
(-0.25), Ga (-0.34), Ge (~0.26), K (0.38), Mn (-0.24), Mo (0.35),

Na (0.31), Os (0.26), Pb (0.37), Rb (-0.32), Re (~0.21), Sb (0.31),
V (-0.23).

The results give evidence that members of all groups of the peri-
odic table of the elements have a highly significant influence on
malt quality. Only K, Mo, Na, Os, Pb and Sb improve MQI, all
other elements have a reducing effect on malt quality. A striking
observation is that among the lanthanides only europium (Eu) has
a low, but significant negative influence on MQI.

4  Discussion

The results confirm that a large spectrum of mineral nutrients can
be detected by the use of modern methods of analyses. In general,
remarkable effects on the content of micro elements caused by the
variety have been observed, excepting noble metals, lanthanides
and actinides. The varietal effects have additional influence on
the variability in the accumulation of elements caused by envi-
ronmental factors. Due to the dispersion of the field trials over
the most important agricultural areas in Bavaria, covering diverse
geographic and climatic environments, the values documented in
Table 1 have a high informative value.

The view on single malt quality parameters already indicates the
positive (K, Pb, Sb, Mo, As, Na, Sc, Cu) or negative effects (Fe,
Zn, Mn, Ga, Cd, Ge, Mg, Ba, Eu, Sr) of a group of elements on
quality. The summarizing parameter MQI, based on the single traits
Hartong No., friabilimeter, malt extract and apparent attenuation
is mainly influenced by Zn, followed by Mg and Fe all decreasing
the MQI. K, Mo, Na, Pb and Sb have a positive effect on MQI,
but on a lower level (in all cases r> 0,30). A few more elements
also have a certain influence, mostly negative for MQI.

Theresults confirm thatthe correlations are independent of varietal
influence, and therefore, the location-specific uptake of elements
is of general importance. This leads to the conclusion that malt
quality of barley can be increased by an optimised supply of po-
tassium (and sodium) in the soil [20], whereas fertilisation with
micronutrients should be omitted, as long as no symptoms of
deficiency are visible. In addition, the use of secondary organic
fertilizer like sludge or compost has to be considered critically,
because of a certain contamination with heavy metals (Zn, Fe,
Mn, Cd) in many cases.

On the other hand, the correlations between Zn/Mg/Fe/K and MQI
offer a realistic chance to select locations with a higher content of
these metals in the soil, with successful results for malt quality. In
that regard, the findings from Rasmusson [17] can be extended to
this aspect. But there still remains some doubt whether a breeding
program that includes the analyses of micronutrients is feasible,
considering the high costs involved.

To a certain extent, the correlations can be explained by the
physiological background. Potassium plays an important role
for the water balance in the plant, is involved in the activation of
numerous enzymes, and enhances the production of carbohydra-
tes in the grain [2]. Sodium, as a second alkali metal, is able to
replace partially the effects of potassium, considering barley as a
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species with a high affinity to sodium. The reason for the negative
correlation of Rb and MQI may be that Rb cannot take over the
specific functions of K and — at higher soil concentrations — has
a toxic effect on the plant.

The positive effect of molybdenum might be caused by its partici-
pation in the structure of some metalo enzymes (nitrate reductase,
hydrogenase) [1]. A surprise is the positive correlation between
lead and MQI (r, = 0.37), because no physiological function in
plants is known until now. The same is valid for the noble metal
Osmium (Os, r = 0.26).

In the group of mineral elements with a negative effect on malt
quality, in particular MQI, the elements Zn, Mg, and Fe are of
special interest. Like Mo, Zn is a component of metalo enzymes,
but this element is also responsible for the activity of other enzy-
mes like alkaline and acidic phosphatase, enolase and polyphenole
oxidase [1]. It is also well known that Zn is part of the protein
biosynthesis, interrelated with peptidases [2], which might explain
the positive correlation to crude protein content and the negative
correlation to malt extract.

Although the negative influence of zinc on the malt quality has
become obvious, the positive effect of this element for the process
of fermentation due to a better yeast growth is also an established
fact. But this seemingly contradictory behaviour of zinc is only
of minor practical importance, because yeast is not able to utilize
zinc from the malt. Only with decreasing ph-value of mash and
changing further mash conditions the availability of zinc increa-
ses marginally [15]. Therefore, the zinc supply of yeast must be
considered independently from the zinc content of malt.

Not fully coherent is the negative correlation of Mg and MQI. On
the one hand, Mg is important for the phosphorylation processes
in the plant and therefore also for starch synthesis. But the protein
fractions also increase with increasing Mg concentration, which
could explain the negative correlation to malt extract.

In contrast, the negative correlation of Fe can be explained con-
vincingly. Fe is also involved in metalo enzymes and enhances the
protein synthesis, but reduces two components of MQI, Hartong
No. and apparent attenuation.

One might speculate about the physiological background of the
elements showing a lower degree of correlation to malt quality, but
inany case it needs to be considered that there are also correlations
between the mineral elements which can partially simulate weak
correlations to single quality parameters. Therefore, this study
focuses on the most prominent correlations of micro elements to
single parameters of malt quality and the summarizing parameter
MQI, respectively. However, it must be taken into account that the
content of mineral elements in the barley grain is to a large extent
negatively related to both single and summarizing parameters of
malt quality.

Comparable results have rarely been published. Kefler [13]
analysed the influence of Ca and Na in the malt on the Hartong
No. The results delivered high level correlations (Na: r = 0.81%%*,
Ca: r = —0.64**). But the results are based on analyses of only

24 samples without eliminating the effects of the varieties which
can disturb the calculation of the correlations. The direct compari-
son of the present study and the results from KefSler [13] show the
same trend resulting inr=0.11 (Na; n.s.) bzw. r =—-0.268**(Ca).
Rather more important appear the antagonistic effects of Ca and
Na with MQI (for Na r= 0.31** for Ca r= —0,33**) which have
been found in the presented study.

5 Summary

Samples of barley grains from 10 varieties originating from 8
locations were subjected to an extensive analysis of the cationic
elements using ICP-OES and ICP-MS. In parallel procedures, the
samples were micromalted and 13 common parameters describing
malt quality were determined. This extensive data setis considered
to be suitable for the calculation of correlations between elements
and malt quality. Statistical analysis of the 48 elements included
the calculation of the range, the coefficient of variation and the
error of measurement. The results show that with the exception
of the groups of the noble metals, lanthanides and actinides, high
significant varietal effects can be found in general.

Depending on the single element, the results of the analysis of
correlation to the 13 malt quality parameters show a wide range.
The utmost influence on malt quality is caused by zinc (Zn). Zn
is correlated to malt quality index (MQI) with r = —0.67 (partial
correlation adjusted by variety). One ug Zn g'' DM reduces MQI
by 0.24 points. Magnesium (Mg) and iron (Fe) have alsoanegative
correlation to malt quality of 1 =-0.47 andr =-0.43, respectively.
The closest positive relations to MQI have been found for K (rp =
0.38), Pb (rp =0.37), Mo (rP =0.35) and Na (rp =0.31).

A remarkable number of correlations between elements and single
parameters for malt quality were found with [r | =>0.40. But the
majority of the micro nutrients show only a weak and mainly ne-
gative interrelation to malt quality. For elements from the group
of lanthanides no appreciable interaction with malt quality could
be detected at all.

An explanation based on physiological effects is in part possi-
ble. The majority of the micro elements act as components (me-
talloenzymes) or activators of enzymes and is therefore involved
in a large number of processes regarding synthesis and degra-
dation of metabolites in the plant. For brewing process the nega-
tive correlation between zinc content of malt and malt quality
is not important although yeast growth provides a good zinc
supply. It is well known that malt zinc cannot be utilized by
yeast.

Apractical aspect for farming and breeding is given by the conclu-
sion that fertilization with potassium has a positive influence on
quality, while fertilization with trace elements should be applied
with care due to their predominantly negative effect on quality. In
the same way, the use of secondary organic fertilizer like sludge
or compost has to be considered critically because of the poten-
tial contamination with heavy metals. The improvement of malt
quality by a breeding program using analyses of element content
is considered to be promissing, but costly.




BrewingScience

January / February 2009 (Vol. 62) 20

10.

References

Baumeister, W. and Ernst, W., 1978: Mineralstoffe und Pflanzen-
wachstum, Gustav Fischer Verlag Stuttgart, p. 416.

Mengel, K.: Erndhrung und Stoffwechsel der Pflanze, Gustav Fischer
Verlag Jena, 1991, p. 436.

Recht, J.: Einfluss Seltener Erden in Verbindung mit phytogenen
Zusatzstoffen auf Leistungsparameter beim Ferkel, Dissertation,
LMU Miinchen, 2005.

Borger, C.: Alternative Methoden in der Schweinemast: Untersu-
chungen zum leistungssteigernden Potential Seltener Erden und zur
Jodanreicherung im Gewebe durch die Verfiitterung von Meeresalgen,
Dissertation, LMU Miinchen, 2003.

Eisele, N.: Untersuchungen zum Einsatz Seltener Erden als Leis-
tungsforderer beim Schwein, Dissertation, LMU Miinchen, 2003.

Nolte, H.: Der Einfluss von Diingung und Sorte auf den Spelzengehalt
der Braugerste, Braugersten-Jahrbuch 1953 (1953), pp. 116-118.

Aufhammer, G. and Fischbeck, G.: Anlage und Durchfiihrung mehr-
jéhriger Phosphorsdure-Kali-Steigerungsversuche zu Braugerste
und deren erste Ergebnisse. Braugersten-Jahrbuch 1958/59 (1960),
pp. 56-73.

Bitterauf, A. and Strobl, G.: Einfluss der Phosphorsdurediingung auf
Ertrag und Vermélzungseigenschaften der Sommergerste, belegt mit
technologischen Untersuchungsergebnissen, Braugersten-Jahrbuch
1958/59 (1960), pp. 183-196.

Hopule, T.: Zum Verhalten verschiedener Mineralstoffe in der Brau-
ereitechnologie, Dissertation, TU Miinchen, 1972.

Schippers, A.: Untersuchungen iiber Proteine, Mineralstoffe und
einige weitere erndhrungsphysiologische Qualititseigenschaften des
Getreidekorns in Abhéngigkeit von Standort, Sorte und Stickstoft-
diingung, Dissertation, Justus-Liebig-University, GieBen, 1973.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Grau, H.: Phytinsdure, andere Inositolphosphate und Mineralstoffe in
Cerealien und Pseudocerealien, Dissertation, TU Miinchen, 1996.

Mengel, K. and Forster, H.: Der Einfluss einer zeitlich variierten,
unterbrochenen K-Erndhrung auf Ertrags- und Qualitdtsmerkmale
von Gerste, Z. Acker- u. Pflanzenbau, 127 (1968), pp.317-326.

KeBler, M. T.: Analytische Erfassung und Interpretation der Stirke-
gradation im Gersten- und Malzkorn und ihre Aussagekraft fiir den
Brauprozess, Dissertation, TU Miinchen, 2006.

Maddox, I. S. and Hough, J.S., 1970: Effect of zink and cobald on
yeast growth and fermentation, J. Inst. Brew., 76 (1970), pp. 262-
264.

Maindl, B.; Wullinger, F.; Riithlein, M. and Heyse, K.-U.: Der Einfluss
von Zink auf das Verhalten untergériger Brauereihefe, Der Weihenste-
phaner , 47 (1979), pp. 84-96.

Kihbeck, F.: Analytische Erfassung sowie technologische und tech-
nische Beeinflussung der Lautertriibung und des Heifltrubgehalts der
Wiirze und deren Auswirkungen auf die Gérung und Bierqualitit,
Dissertation, TU Miinchen, 2007.

Rasmusson, D.C.; Hester, A.J.; Fick, G.N. and Byrne, 1.: Breeding
for mineral content in wheat and barley, Crop Sci., 11 (1971),
pp. 623-626.

MEBAK: Kleinmélzung. In: Brautechnische Analysenmethoden,
Vol. 1: Rohstoffe Gerste, Rohfrucht, Malz, Hopfen und Hopfenpro-
dukte. Ed.: Anger, H.-M.: Methodensammlung der Mitteleuropdischen
Brautechnischen Analysenkommission MEBAK e.V., published by
MEBAK, Freising-Weihenstephan, 2006.

SAS Institute: SAS System, Version 9.1, SAS Institute Inc., Cary,
NC, USA, 1996.

Baumer, M.: Gerste. In: Pflanzliche Erzeugung, textbook series Die
Landwirtschaft, BLV Miinchen (2006), pp. 468-493.
Received 24 November, 2008, accepted 06 February, 2009




21 January / February 2009 (Vol. 62) BrewingScience

Appendix
Table 1 Description of the growing areas for the analysed barley samples
Content of
Location Geological description Altitude (m) Type of soil nutrient in soil Soil Preceeding crop
(mg (100g)") pH
PO, KO
Arnstein Shell limestone 280 TL 65 19 28 6,9 Wheat
Bieswang Jura mountains 530 L 66 9 25 6,9 Wheat
Brunn Northern Bavarian uplands 480 L 41 18 26 6,0 Rape seed
Grafenreuth Primary rocks 530 sL 40 11 27 6,1 Rape seed
Glinzburg Morainal area 470 UL 64 8 20 5,9 Wheat
Haar Brash plains 537 sL 37 23 28 6,9 Wheat
Osterseeon Tertiary uplands 560 sL 46 21 18 6,8 Rape seed
Schmidhausen = Morainal uplands 438 L 65 8 18 6,8 Rape seed
Table 2 Statistical key data of the analysed elements
Group/ No. of Mean Statistics of the mean F test
Element analyses  ug g’ DM CV (%) Variation Measurem. variety?
error %" P>F
Alkali metal
K 160 5873 9.2 4586-7110 5.0 <0.0001
Na 160 27.8 38.3 10.1-56.0 12.4 <0.0001
Rb 160 1.23 50.5 0.9-2.92 5.1 <0.0001
Alkaline earth metal
Ba 160 2.64 35.1 1.21-6.19 52 <0.0001
Be 160 0.0058 2.0 0.0056-0.0063 34 0.2230
Ca 160 440.8 11.3 335.6-552.4 5.0 <0.0001
Mg 160 1351 7.0 1122-1589 52 0.0008
Sr 160 1.00 28.0 0.36-1.68 44 <0.0001
3rd Main group
B 160 0.657 10.0 0.553-0.883 6.0 0.0188
Al 159 5.88 22.7 3.08-11.03 19.2 0.0381
Ga 159 0.068 33.8 0.031-0.151 5.5 <0.0001
4™ and 5" Main group
As 159 0.0073 33.6 0.0019-0.0134 19.0 0.0594
Ge 160 0.018 33.1 0.011-0.031 9.4 0.0318
Pb 159 0.121 50.2 0.007-0.247 19.7 0.0101
Sb 159 0.0085 75.5 0.0004-0.0223 17.3 0.0004
Si 160 99.8 13.1 67.1-129.0 18.8 0.7859
B-group (without noble metals)
Cd 158 0.0068 65.6 0.0006-0.0247 13.4 <0.0001
Co 156 0.0056 27.2 0.0034-0.0132 36.8 0.4853
Cr 159 0.280 27.3 0.150-0.608 40.6 0.5632
Cu 157 3.25 17.6 1.98-5.14 21.0 <0.0001
Fe 160 31.7 13.5 21.9-46.5 6.8 <0.0001
Mn 160 13.3 14.5 8.9-16.8 4.9 <0.0001
Mo 160 0.435 62.6 0.039-1.220 5.1 0.0001
Nb 157 0.0010 61.1 0.0003-0.0047 116.4 0.4534
Sc 160 0.023 12.9 0.015-0.028 17.6 0.8142
A% 158 0.0095 19.1 0.0052-0.0183 24.8 0.1970
Zn 160 27.3 13.0 20.3-35.5 7.6 <0.0001

Table 2 continued ...
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Table 2 continued ...

Group/ No. of Mean Statistics of the mean F test
Element analyses  ug g’ DM CV (%) Variation Measurem. variety?
error %" P>F
Noble metals
Ag 159 0.020 34.5 0.003-0.037 50.4 0.7265
Au 160 0.00071 37.1 0.00030-0.00193 62.9 0.0240
Os 160 0.0019 9.5 0.0015-0.0025 15.9 0.1740
Pt 159 0.00074 52 0.00066-0.00086 9.5 0.2809
Re 160 0.00040 3.5 0.00037-0.00044 6.3 0.9567
Rh 160 0.00023 12.1 0.00017-0.00036 21.0 0.5260
Lanthanides
Ce 159 0.0084 472 0.0040-0.0309 77.6 0.0976
Dy 159 0.00092 22.1 0.00061-0.00216 35.6 0.3939
Er 159 0.00099 9.4 0.00084-0.00162 17.0 0.4337
Eu 160 0.0012 7.4 0.0011-0.0015 8.2 0.2487
Gd 160 0.0014 17.0 0.0011-0.0021 25.0 0.0718
Ho 158 0.00035 10.4 0.00029-0.00054 16.0 0.2730
La 159 0.0052 41.3 0.0026-0.0159 68.1 0.1243
Lu 160 0.00051 3.8 0.00048-0.00065 17.0 0.1813
Nd 159 0.0036 44.7 0.0017-0.0135 74.8 0.1107
Pr 159 0.0016 28.3 0.0011-0.0043 47.9 0.0670
Tb 160 0.00041 7.3 0.00037-0.00054 11.4 0.1478
Tm 158 0.000094 15.9 0.00068-0.00177 28.1 0.0419
Yb 157 0.00065 11.0 0.00050-0.00095 16.7 0.5003
Actinides
Th 160 0.0031 25.0 0.0020-0.0070 40.2 0.3850
U 159 0.0011 12.3 0.0008-0.0017 19.2 0.0614

! Expanded error of measurement: Standard deviation x 2 (o0 = 5%); ? ANOVA: location = random; variety = fixed

Table 3 Statistical key data of malt quality parameters

Quality Unit No. of Mean Key values of mean P> vae‘y
parameter analyses CV (%) Variation

Crude protein % 80 10.4 5.6 8.8-11.5 <0.0001
Brabender Nm 80 109.9 14.7 84-164 <0.0001
Friabilimeter % 80 81.8 12.8 44.5-99.5 <0.0001
Glassiness % 80 1.2 117.3 0-11.1 0.1178
Soluble N mg N 100g™! 80 698.8 9.5 503-874 <0.0001
Kolbach index % 80 41.4 10.3 24.3-51.0 0.0007
Hartong No. % 80 43.9 9.8 33.3-53.7 <0.0001
Malt extract % 80 82.7 1.47 79.8-85.8 <0.0001
App. attenuation % 80 83.8 2.2 79.4-87.6 <0.0001
Viscosity mPa*s 80 1.48 4.9 1.40-1.73 <0.0001
Colour EBC 80 3.2 20.9 2.1-5.0 <0.0001
pH pH 80 6.0 ---*) 5.88-6.15 <0.0001
MQI Index 80 8.5 16.4 5.5-11.3 <0.0001

" Interval scale, designation impossible
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Table 4 Partial correlation (rp) between elements and malt quality parameters (except MQI) after elimination of varietal
effects; only [r | > 0.40 (P < 0.0001)

Crude protein Brabender Friabilimeter Glassiness Soluble N Kolbach index
ElL r, DF ElL r, DF EL r, DF ElL r, DF ElL r, DF ElL r DF
Fe: 0.47 150 Cd: 041 148 Pb: 0.55 149 e As: 041 149 e

K: -0.47 150 Fe: 051 150 Sb: 0.62 149 Mn: 0.51 150

Mn: 0.50 150 K:  -0.44 150 Zn:—0.47 150

Zn: 0.54 150 Mo: —0.45 150

Pb: -0.63 149
Sb: -0.58 149
Zn: 045 150

Hartong No. Extract App. Atten. Viscosity Colour pH-value
ElL r, DF EL DF ElL r  DF E. r. DF EL r DF ElL r DF
Fe: —0.48 150 Ga: -0.41 150 Fe: —0.42 150 Cd: 041 148 e Ba: 0.50 150
Pb: 0.43 149 Ge: —-0.60 150 Mo: 0.50 150 Cu: -0.46 147 Eu: 041 150
Mg: -0.58 150 Pb: 0.56 149 Fe: 0.47 150 Ga: 050 150
Na: 0.58 150 Sb: 0.51 149 Pb: -0.57 149 Sr: 0.60 150
Zn: —0.63 150 Sc: 040 150 Sb:  -0.54 149
Table § Partial correlation (rp) between elements and malt quality index (MQI) after elimination of varietal effects
ElL r, DFY  P? ElL r, DFV P2 EL r DFY P? EL r, DFY P?
Ag -0.10 149  0.21 Cu -0.15 147 0.07 Mg -0.47 150 <0.00 Rh -0.17 150 0.10
Al -0.23 149  0.00 Dy -0.05 149 0.52 Mn -0.24 150 0.00 Sb 0.31 149 0.00
As  —0.06 149  0.48 Er 0.00 149 0.98 Mo 0.35 150 <0.00 Sc -0.19 150 0.02
Au -0.29 150 <0.00 Eu -0.25 150 0.00 Na  0.31 150 0.00 Si -0.15 150 0.06
B 0.08 150 0.36 Fe -0.43 150  <0.00 Nb -0.18 147 0.03 Sr —0.11 150 0.17
Ba -0.33 150 <0.00 Ga -0.34 150  <0.00 Nd -0.08 149  0.31 Tb -0.06 150 0.48
Be —-0.09 150 0.27 Gd -0.11 150 0.19 Os 0.26 150 0.00 Th -0.11 150 0.18
Ca 033 150 <0.00 Ge -0.26 150 0.00 Pb 0.37 150 <0.00 Tm  0.07 148 0.40
Cd -0.22 148  0.01 Ho -0.04 148 0.63 Pr -0.09 149 0.25 U -0.17 149 0.03
Ce -0.11 149  0.18 K 0.38 150  <0.00 Pt -0.15 149  0.08 vV -0.23 148 0.01
Co 0.01 146  0.90 La -0.11 149 0.20 Rb -0.32 150 <0.00 Yb  0.04 147 0.66
Cr -0.10 149  0.21 Lu -0.04 150 0.61 Re -0.21 150 0.01 Zn -0.67 150 <0.00

D Degree of freedom; 2 Significance probability
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