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ABSTRACT

A method is provided in which a correlation 1is
made between a parameter indicating modification of a

5 sampled malt in a germination process 1n which barley 1S

germinated, and an ESR signal intensity of the sampled
malt. The parameter is determined, 1in advance, by general
analytical methods including chemilcal analytical methods.

The ESR signal intensity 1s determined by measurling a peak

10 height of spectrum of the sampled malt at a g value at

which an unpaired electron derilived from a carbon radical

is resonant. The ESR signal intensity 1s a ratio of the
measured peak height of spectrum to a peak height of
spectrum of a reference, per a unit weight of the sampled
15 malt. The modification state of the sampled malt can be
evaluated based on the ESR signal intensity determined by
electron spin resonance spectrometry. Kohlbach index,

Hartong index at 45°C, diastatic power, P-glucan content,

viscosity, and friability may be used as the parameter.
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QUALITY EVALUATION METHOD OF GREEN MALT AND MALT RY
ELECTRON SPIN RESONANCE ANALYSIS

TECHNICAL FIELD

The present invention generally relates to a
quallity evaluation method of malt to be used in the

production of malt alcoholic beverages such as beer, and,

more particularly, to a quality evaluation method of malt

using Electron Spin Resonance (ESR) analysis.

BACKGROUND ART

Beer 1s mainly made of barley malt that serves
as the source of starch and enzyme. The production process
of beer 1s classified into a malting process, a brewing
process, and a packaging process. In the malting process,
malt 1s steeped into water for germination. During
germination, degradative enzymes are activated. The
germinating barley is called green malt. After germinating
to an expected extent of modification, green malt is dried
(kilned) . In the next brewing process, water is added to
ground malt and is heated for saccharification, and then,
1s filtered. The filtered liquid is boiled after adding

hop, and saccharified liquid (wort) is obtained by

separating hop dreg. After coocling, the wort is fermented
by adding yeast, and is stored at a cold temperature.
After carbon dioxide generated during the storage is
dissolved into the fermented liquid (beer), and flavor is

matured, the beer is filtered. In the packaging process,

the beer is antiseptically filtered and is contained in
barrels and/or bottles for distribution.

The quality of beer heavily depends on the
quallty control of the malting process, that is, the
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quality of produced malt. In general, a germinating

process takes about four to six days. During germination,
enzymes are syntheslized, and starch and protein are
partially degraded. The grade of malt degradation is
referred to as “modification”.

In the production process of beer, it is

lmportant to control the malt quality. Kohlbach Index,

Hartong index at 45°C, diastatic power, viscosity, and B-

glucan content are indexes that indicate the quality of
malt. These parameters are controlled in the malting
process to malntain constant malt quality.

The parameters for indicating malt modification
are described below.

Kohlbach Index: the ratio of the nitrogen amount
of congress wort prepared for analysis and the nitrogen

amount of the whole malt. It indicates the extent of

proteln degradation in the malt. The higher the Kohlbach

Index 1s, the more the malt is degraded (modified) .

Hartong index at 45°C: the ratio of the extract

of 45°C, l-hour mashing of fine ground malt and the

eXtract of the congress wort. The amount of extract mainly
depends on the amount of starch and sugar. In malt, the
degradation of protein components existing among starch

particles affects the amount of extract. Accordingly,

Hartong index at 45°C indicates the degradation grade of

poth starch and protein. The higher the Hartong index at

45°C is, the more the malt is modified.

Diastatic power: To determine the starch
degradative enzyme power of malt, the amount of reduced
sugar generated by affecting water-extraction liquid of

malt to soluble starch is measured using lodometry. The

starch degradative enzymes are synthesized as the barley

germinates. In a brewing process, these enzymes are
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required for degradation of starch in malt and in adjuncts
(for example corn starch). Malt with low diastatic power
may cause a problem 1in a beer brewing process.

B-glucan content: PB-glucan is the degradative
product of cell wall of the malt. If the cell wall is not

degraded enough, the lautering of mash becomes not smooth.

Beer with high P-glucan content may cause haze after

freezing.

The P-glucan content is measured as follows:
after ground malt is heated in ethanol to inactivate
enzyme, P-glucan in the malt is degraded to glucose by

processing with lichenaze and P-glucosidase: and the

amount of generated glucose 1s determined using glucose-
oxldase/paroxidase method.

Viscoslty: the viscosity of congress wort
prepared for the analysis. Polysaccharides such as starch,
dextrin, P-glucan, and pentosan mainly affect the
viscosity of wort. The viscosity indicates the degree of
degradation of stored starch and cell wall. The lower is
the viscosity, the more the malt is moderated. The
viscosity is measured at 20.00°C with Ubbelohde type
viscometer.

Friability: Friability is measured by a
dedicated friability meter. Specifically, the friability
1s measured as follows. After being ground with a roller,
malt samples are separated into one that passes through a
specific slit and one that does not pass through the
speciflc slit and remains. The separated malt samples are
measured. The friability of the malt samples is defined as
the ratio between the separated malt samples. Malt of
which starch and cell wall are not well degraded is
crystalline and consequently hard. Friability of such malt

1s low. Well degraded malt is mealy and easy to grind. The
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friability of such malt 1s high.

Conventionally, the above parameters for

analyzing the modification of malt are determined wilth

general analytical methods such as chemical analysis.

However, the general analytical methods have problems such
that the preparation and measurement of samples require
considerable time. A rapid and simple analytical technique
for malt quality evaluation 1s needed.

There are many analytical techniques for
analyzing material, such as chemical analysls, optical
analysis, and physical analysis (using X-ray, for
example) . Recently, electron spin resonance (ESR) analysis
is drawing attention as an analytical technique to obtailn
molecular level information of material. The application
of ESR analysis 1s being 1lntensively studied.

The principle of ESR 1s exactly the same as that
of nuclear magnetic resonance (NMR). ESR is a kind of
magnetic resonance spectrum. Whereas the NMR measures the

resonant absorption of nuclear spins, the ESR measures the

resonant absorption of electron spins. The ESR most
directly reveals information about the molecular
structures and electron states of materials having
unpaired electrons such as a radical and a transition
metal complex (trivalent 1lron ion and bivalent copper 1on,
for example). As of now, the ESR 1s the most reliable
analytical technique for detecting radicals.

ESR spectra show the following: g value
indicating the position of resonance of the unpaired
electrons, resonance intensity indicating the number of
unpaired electrons, absorption width related to relaxation
time, and hyper fine structure caused by the coupling
between the unpaired electrons and atoms (‘H and ‘*N, for

example) having nuclear spilin near the unpaired electrons.
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Since each of radical species exhibits an intrinsic
position of absorption, one can identify the radical
speclies based on the g value. Additionally, one can
conslder reaction time and reaction mechanism based on the

pr—

change over time of absorption (intensity).

The 1lnventors intensely studied the application
of ESR to the evaluation of state (quality) of malt in
beer brewing. As a result of the study, the inventors
discovered that, if an absorption intensity (signal
intensity) is observed, the radical species is roughly
identifiable based on the g value, and that there is a
correlation between the absorption intensity (signal
intensity) and the state (quality) of green malt and malt.
The present invention, which is made based on the above
discovery, provides a more rapid and simpler method of

evaluating the quality of malt, than that of conventional

analytical techniqgues.

SUMMARY OF THE INVENTION

The above problems can be solved by means of the
present 1lnvention described below.

Accordling to an aspect of the present invention,
a quality evaluation method of green malt sampled in a
germinating process of barley by electron spin resonance
(ESR) spectrometry, includes the steps of: measuring a
peak height of spectrum at a g value at which an unpaired
electron derived from a carbon radical is resonant:
determining an ESR signal intensity that is a ratio of the
measured peak height of spectrum to a peak height of
spectrum of a reference, per a unit weight of the sampled
green malt,; and evaluating a germination state of said
sampled green malt by comparing the determined ESR signal

intensity with a predetermined reference level.
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The present invention makes 1t possible to

determine the ESR signal intensity of green malt samples
by using an electron spln resonance method, and to
evaluate the quality of green malt samples based on the
determined ESR signal intensity.

According to a second aspect of the present
invention, a quallty evaluation method of malt sampled in
a germinating process of barley by electron spin resonance
(ESR) spectrometry, 1ncludes the steps of: measuring a
peak height of spectrum at a g value at which an unpaired

==

electron of a carbon radical 1s resonant; determining an

ESR signal 1intensity that 1s a ratio of the measured peak
height of spectrum to a peak height of spectrum of a
reference, per a unit weight of the sampled malt; and
evaluating a modification of the sampled malt by comparing
the determined ESR signal intensity with a predetermined
reference level.

The present 1nvention makes 1t possible to

obtain the ESR signal intensity of malt samples by using
an electron spin resonance method, and to evaluate the
quality of the malt samples based on the ESR signal
intensity.

According to a third aspect of the present
invention, an evaluation method of modification of malt
sampled in a germination process of barley, includes the
steps of: determining, 1n advance, a correlation between a
parameter measured by general analytical methods including
chemical analytical methods, said parameter indicating
modification of the sampled malt, and an ESR signal
intensity of the sampled malt, the ESR signal intensity
being determined by an electron spin resonance
spectrometry whereby a peak height of spectrum of said

sampled malt 1s measured at a g value at which an unpaired
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electron of a carbon radical 1s resonant, and the ESR

F

signal intensity 1s a ratio of the measured peak height of

spectrum to a peak height of spectrum of a reference, per

a unit weight of the sampled malt, and evaluating said

modification of the sampled malt based on sald parameters
determined using the corresponding ESR signal intensity

determined by said electron spln resonance spectrometry.

The present inventlion makes 1t possible to

determine the ESR signal intensity of malt samples by
using an electron spin resonance method, and to estimate
parameters indicating the modification of malt based on

the determined ESR signal intensity. Accordingly, the

quality of malt can be evaluated.

At least one of a Kohlbach 1ndex, Hartong 1ndex

at 45°C, diastatic power, P-glucan content, viscosity, and

friability is used as the parameter for indicating the

modiflication of malt.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a graph showlng an ESR spectrum of

green malt;

FIGs. 2A and 2B are charts showing the effect of
steep—out moisture and germination time on the ESR signal

intensity of green malt;
FIG. 3 is a chart showing the effect of
germination time on the ESR signal intensity of malt; and
FIGs. 4A through 4F are charts showing the

correlation between various parameters and the ESR signal

intensity of malt.

BEST MODE FOR CARRYING OUT THE INVENTION

Embodiments of the present invention are

described in more detailil below. The outline of the ESR
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analyses performed by the i1nventors is described first.

| W ——

(1) Barley, malt sample

If much moisture 1s contained in the sample, the
molsture absorbs the electron spin resonance. When solid
samples containing much moisture are measured with an

ordinary ESR analysis method, the moisture needs to be

removed. Accordingly, green malt was used after being

lyophilized, as a sample for the analysis of germinating
barleys (green malt). However, since malt contains low
enough moisture, the malt was used as a sample without
being lyophilized.

Japanese "“"Amagl Nijo” barleys and Canadian
"Kendall” barleys were used as the samples. They were

malted with a 90 kg-scaled pilot malting plant. The

barleys were steeped in water at 14°C and were germinated

at 14°C. Malt with different germination time was prepared

using an 8 kg-scaled kilning apparatus.

(2) ESR analysis

The ESR analysis was carried out at the
following measuring conditions.

Temperature of sample: room temperature
Sweep time: 60 seconds

Modulation width: 0.1 mT

Microwave power: 10.63 mwW
Sweeps/measurement: 1 time

Internal standard: Mn*’

Five whole grains of green malt and malt (0.4q),
or about 0.2g of ground samples of them were put in an ESR
sample tube (cylindrical tube), and their electron spin
resonance absorption was measured with an electron spin

resonance spectrometer. After the measurement of g value
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based on measured spectra, the signal intensity was
calculated as the relative ratio of the peak height of the
sample to the peak height of Mn*' used as the internal
standard. The ESR signal 1intensity is defined as the
relative height per a unit weight of sample (/g). One

sample was measured 5 times and obtained data were

averaged.

(3) ESR preparatory analysis of green malt and malt

FIG. 1 1s a graph showing an ESR spectrum of
ground green malt.

As 1s shown in FIG. 1, the spectrum shows a
singlet peak at the position of g=2.0049. The g value
g=2.0049 means that this spectrum is caused by carbon
radicals. It i1s well known that, in food samples, which
contalin lipids and proteins (amino acid), for example,
free radicals generated by the oxidation of lipids take

nhydrogen from the proteins and generate stable organic

radicals derived from proteins, and that they produce a
singlet peak around g=2.00. Accordingly, the 1nventors
speculate that this peak 1s also caused by stable organic

radicals derived from proteins in the green malt. In

addition, ground malt samples and whole grain samples of

malt and green malt (without grind) showed similar spectra

pattern.

(4) Change in ESR signal intensity of green malt during

germination

Another experiment was performed to determine
change in the ESR spectrum (signal intensity) of green
malt during malting (germination).

FIGs. Z2A and 2B show the results of ESR

measurement of the lyophilized green malt sampled once a
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day after germination and lyophilized. FIG. Z2A shows the
result of whole grains of green malt malted with two

different steep—out moisture levels of 37% and 43%, and

FIG. 2B shows the result of ground green malt malted with

steep-out moisture levels of 37% and 43%.
These experimental results show that, as
germilnation time passes, the ESR signal intensity

increases. The results also show that the higher is the

steep—out molisture level, the higher is the ESR signal
intensity. Accordingly, 1t 1s found that the germination
state of barley can be evaluated based on the ESR signal
intensity.

From a comparison between the whole grain
samples and ground samples, the ESR signal intensity of
green malt 1ncreased with grind. This i1ncrease in ESR
signal intensity could be derived from the increase in
radicals by oxidation during grinding.

Based on the above experimental results, the
inventors speculate that the amount of radicals is
increased during germinatlon because the germination
activates the respiration of barley and consequently, the
oxidation of ingredients contained in the barley, and
accelerates the generation of stable organic radicals
derived from proteins. Only the signal intensity changed
with the germination time in the spectra. No new peak 1is
observed 1n the spectra. The increase in stable organic
radicals derived from proteins durlng germination is an
interesting discovery in view of various changes of
ingredients including the synthesis of enzyme in
germlinating barley. This discovery 1s expected to bring a

new angle into the study of botanlcal germination.

(5) Relationshilip between ESR signal intensity and malt

10
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parameters

Other green malts germinated for one through six

days were kilned into malts and ground. The ESR signal

intensities of the ground malts were compared.

FIG. 3 shows the result of the above experiment.

As i1s shown in FIG. 3, the ESR signal intensity increased

with germination time. Based on this result, the inventors

confirmed that the increase 1n the ESR signal intensity of
green malt with germination time is retained even after
kilning.

The correlation between several typical
parameters indicating malt modification and the ESR signal
intensity was studied. FIGs. 4A through 4F show the
relationship between the parameters indicating malt
modification and the ESR signal intensity of malt samples
used for the measurement shown in FIG. 3. FIGs. 4A through

4F show the relationship of malt gquality parameters, that

is, Hartong index at 45°C (FIG. 4A), viscosity (FIG. 4B),

B-glucan content (FIG. 4C), friability (FIG. 4D),
diastatic power (FIG. 4E), and Kohlbach index (FIG. 4F),

respectively, with the ESR signal i1ntensity.
FIG. 4A shows that Hartong index at 45°C

increases with signal intensity less than 9.5, and remains

constant with signal intensity of 9.5 or more.

FIG. 4B shows that wviscosity 1s constant with
signal intensity of 12 or more.

FIG. 4C shows B-glucan content does not remain
constant over whole range of signal intensity.

FIG. 4D shows that friability remains constant

with signal intensity of 9 or more.

FIG. 4E shows that the dlastatic power remains

constant with signal intensity of 9 or more.

FIG. 4F shows that Kohlbach i1ndex remains

11
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constant with signal intensity of about 9 or more.

e

The results of the above experiments confirm

that malt with ESR signal intensity between 9 and 15 is
modified enough and satisfies the general requirement
level of malt quality.

According to the above experimental results,
germination state of malt can be estimated and evaluated
based on the ESR signal intensity of the germinating malt
(green malt) .

The modification and/or diastatic power of malt
can be evaluated by sampling green malt or malt during
malting, and measuring ESR signal intensity using the ESR

_

analysis. If the ESR signal intensity 1s equal to or more

than a specific level, the malt quality can be guaranteed.
Such a quality evaluation method can be used as a rapid
and simple method to check the malt quality.

The ESR analysis of malt does not require
lyophilizing the malt sample. The malt sample is ground
and put in an ESR sample tube. The measurement by the ESR
spectrometer takes less than two minutes. Although the
setting of the ESR spectrometer takes about 30 minutes,
the ESR analysis requires substantially less time than
conventional method does. The preparation of malt samples
is quite easy too.

Preferred embodiments of the present invention
are described 1n detall above. However, the present

invention 1s not limited to these embodiments, and

variations and modifications may be made without departing
from the scope of the present invention.

As 1s apparent from the above detailed
description, the present 1nvention makes 1t possible to
evaluate the quality of green malt based on the ESR signal

intensity of green malt sample using electron spin

12
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resonance method.
The present invention also makes it possible to
evaluate the quality of malt based on the ESR signal

intensity of malt sample using the electron spin resonance

method.

Additionally, the present invention makes it

possible to estimate parameters indicating malt

modification such as Kohlbach index, Hartong index at 45°C

’

diastatic power, P-glucan content, viscosity, and

friability based on parameters measured by the electron

splin resonance method.

13
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CLAIMS

1. A guality evaluation method of green malt
sampled in a germination process of barley by electron

spin resonance (ESR) spectrometry, comprising the steps

pu

of:

measuring a peak helght of spectrum at a g value
at which an unpaired electron derived from a carbon
radical 1s resonant;

determining an ESR signal intensity that 1s a
ratio of the measured peak height of spectrum to a peak
height of spectrum of a reference, per a unit weight of
the sampled green malt; and

evaluating a germination state of the sampled
green malt by comparing the determined ESR silgnal

intensity with a predetermined reference level.

2. A guality evaluation method of malt sampled
in a germination process of barley by electron spin
resonance (ESR) spectrometry, comprising the steps of:

measuring a peak height of spectrum at a g value
at which an unpaired electron derived from a carbon
radical is resonant;

determining an ESR signal intensity that 1s a
ratio of the measured peak height of spectrum to a peak
height of spectrum of a reference, per a unit welght of
the sampled malt,; and

evaluating a modification state of the sampled
malt by comparing the determined ESR signal 1ntensity with

a predetermined reference level.

3. An evaluation method of modification state of

malt sampled in a germination process of barley,

14
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comprising the steps of:
determining, in advance, a correlatlon between a
parameter measured by general analytical methods including

chemical analytical methods, said parameter indicating a

modification state of the sampled malt, and an ESR signal
intensity of the sampled malt, the ESR signal 1ntensity
being determined by an electron spilin resonance

spectrometry whereby a peak height of spectrum of said

sampled malt is measured at a g value at which an unpaired

electron of a carbon radical 1s resonant, and the ESR
signal intensity is a ratio of the measured peak height of
spectrum to a peak height of spectrum of a reference, per
a unit weight of the sampled malt, and

evaluating said modification of said sampled

malt based on sald parameters determined using the

corresponding ESR signal intensity determined by said

electron spin resonance spectrometry.

4. The evaluation method as claimed 1n claim 3,

wherein said parameter is at least one of a Kohlbach index,

Hartong index at 45°C, diastatic power, P-glucan content,

viscosity, and friabilility.

Fetherstonhaugh & Co.

Ottawa, Canada
Patent Agents
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FIG.1

ESR SPECTRUM OF
GROUND GREEN MALT
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FIG.3
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