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SEVERAL NEW FACTORS INFLUENCING THE MEASUREMENT OF B-GLUCAN CONTENT USING
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Factors such as temperature, calcofluor concentration, sample injection velume, void volume of the
mixing tube and other factors have been reported to influence the calcofluor flow-injection analysis
(FIA) of B-glucan. In addition to these factors, we revealed the following factors and elucidated their
effects on the FIA of p-glucans: the inside diameter and arrangement of the mixing tube, calibration
method using peak area or peak height of the elution patterns, and the quality of the calcofluor
reagent. An apparently lower value was obtained when (1) the mixing tube had a smaller inside
diameter, (2) the mixing tube was loaped in a ring of smaller diameter, or (3) the mixing tube was
wound as double coils in a figure eight instead of a loop. Furthermore, it was indicated that the peak
area calibration produced higher measures values than the peak height calibration.The reagent also
affected the results; a calcofluor reagent from Sigma Chemical Co. gave a higher value than one from
Polyscience Inc. It was concluded that these troublesome phenomena were derived from the
difference between the test sample and the standard solution of p-glucan, that is, the molecular
weight distribution of p-glucans and/or the sugar and ethanol in the sample solutions. Based on these
findings, it is suggested that international standardization of the FIA method for f-glucan be made.

Key Words: B-glucan, calcofluor, flow injection analysis, molecu-
lar weight, wort, beer

INTRODUCTION

B-(1-3),(1-4)-D-Glucan from the barley endosperm cell wall is
responsible for difficulty in wort separation® and beer filtra-
tion” 833 and causes precipitate formation in frozen beer'®!"13,
B-Glucan represents about 70% of the cell wall carbohydrate®
and is decomposed by endo-8-glucanase during germination
in malting!*. When B-glucan reduction during the malting
process is incomplete, it does not only lead to the problems
directly caused by B-glucan but also to a decrease in the
brewhouse yield® and low fermentability because B-glucan is a
barrier to the enzyme hydrolysis of starch and protein. There-
fore, B-glucan content in malt is an important marker for malt
quality and malt modification. The analysis of the B-glucan
content in malt, wort and beer is very important for maltsters
and brewers in order to obtain gocd quality malts and beers.

Recently, two well known methods have become familiar
among maltsters and brewers. One is the enzymatic method,
called the McCleary method'*'%, using lichenase which speci-
fically hydrolyzes the B-(1-3),(1-4)-D-glucan, and the other is
the flow-injection-analysis (FIA) method** using the fluoro-
chrome named calcofluor which specifically binds to the B-
glucan and gives the intensified fluorescence at about 420 nm.
The latter is simpler and faster, so it appears more suitable for
application to the practical quality control of malts in malting
plants and breweries.

However, in a previous report'? it was shown that the differ-
ences in the conditions of the FIA method such as tempera-
ture, calcofluor concentration, sample injection volume, void
volume of the mixing part and flow rate produced a signi-
ficant error in the measured values for the same sample. It was
also reported’*!? that an increase in the ionic strength of the
eluent increased the range of f-glucan molecular weights
effectively bound by calcofluor. The FIA methods proposed so
far317-1920 differ in parts of their systems and operating con-
ditions. Such variations could produce unacceptable differences
in the results where the B-glucan content of the malt is in-
cluded in malt trading specifications.

To establish the standardized conditions to enable similar
evaluation results among different laboratories, the possible

factors that influence the measured values of the FIA method
in addition to those alrcady reported were investigated.

EXPERIMENTAL METHODS

Materials

All chemicals used were reagent grade or better. Specialty
chemicals were obtained as follows: barley B-glucans from
Biocon Biochemicals Ltd (Cork, Ireland: Batch no. 724086);
calcofluors from Polysciences, Inc. (Warrington, PA, US.A.:
Lot no. 405065 purified and Lot no. 86386 unpurified) and
Sigma Chem. Co. (St Louis, MO, U.S.A.: Lot no. 34F0647).

Standard B-glucan solutions (30, 50, 75, 100-250 ppm in 50
ppm steps) were prepared following the EBC method?. A
Calcofluor stock solution was also prepared following the EBC
method? except that the calcofluor concentration was 1.5 g/l.
To avoid the influence of the change in ionic strength and pH
value due to the difference in preparation temperature of a
glycine-NaOH buffer (Table I), one litre of the calcofluor
working solution (15 mg/l calcofluor, 100 mg/l Triton X100 in
0.1 M glycine-NaOH buffer, pH 9.2 (20°C)) was prepared as
follows. Glycine (7.51 g) was transferred into a | litre beaker.
About 900 ml of distilled water and 15 ml of | N NaOH were
added to the beaker, followed by adding 10 ml of the calco-
fluor stock solution to the dissolved solution and made up to
one litre with water. After stirring, the solution was filtered

TABLE L Influence of preparation temperature of 0.1 M
glycine-NaOH buffer pH 9 on the measured values
(mgA) of P-glucan content
Preparation Temperature
20°C 22°C 24°C 27°C
pH Value at 20°C
9.0 9.1 9.2 9.4
Beer A 101 108 110 19
Beer B 93 99 102 111
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TABLE III.  Influence of inside diameter (0.50-0.59 mm) of the
Integrator _A_ mixing tube (780 pl void volume) on the measured
values (mg/1) of B-glucan content
Mixing Coil Detector Inside Diameter (mm)
-
cotr{o- Yo o0 om 05
\( Pump  Injector AN Beerc 56 59 60
Beer D 139 143 147
& | Calcofluor Waste
Solution
FIG. I. Diagram of a calcofluor FIA system. TABLEIV.  Influence of inside diameter (0.25-0.80 mm) of the
mixing tube (910 pl void volume) on the measured
values (mg/1) of B-glucan content
TABLE II. Standard measuring conditions in this study Inside Diameter (mm)
1. Temperature 20°C
2. Sample Volume 20 pl 0.25 0.50 0.80
3. Mixing Part 0.54 mm i.d., 1 ml void volume teflon
tube coiled with 70 mm diameter Beer E 70 101 105
4. Flow Rate 3 mVmin Wort A 114 148 148
5. Ex. Wave Length 360 nm Acid Hydro. f-Glu.? 68 80 82
6. Em. Wave Length 420 nm
7. Calcofluor Reagent 15 mgfl calcofluor, 100 mg/l triton X100 Solution including barley B-glucan hydrolyzed with 0.1 N H,SO, for

in 0.1 M glycine-NaOH bufTer, pH 9.2
(20°C)
peak height calibration

Solution

8. Calibration Method

through a 0.45um cellulose nitrate membrane filter and then
adjusted to 20°C.

Acid Hydrolysis of Barley B-Glucan

Acid hydrolyzed P-glucan was prepared as previously
reported'?, The B-glucan hydrolyzed for 60 min was used
in this study after adequate dilution. The molecular weight
analysis of the hydrolyzed B-glucan was carried out using the
same gel permeation chromatography as in a previous report'%,
As a result of the analysis, the B-glucan hydrolyzed for 60 min
had a molecular weight distribution from 100 k to 1 k daltons
which had a peak at about 10 k daltons.

Calcofluor FIA System and Operating Conditions

The system diagram is shown in Fig. 1. An LC-6A pump,
SIL-6A injector, CR-3A integrator, RF-535 fluorimeter and
SCL-6A system controller (Shimazu Seisukusho Company,
Kyoto, Japan) were used. Unless noted, the operating con-
ditions listed in Table IT were adopted. Teflon tubes used were
from Nishio Industry Co. (Tokyo, Japan), Shimazu Seisakusho
Company and Waters Corp. (New England, MA, U.S.A.).

RESULTS AND DISCUSSION

Effects of Mixing Tube

In the previous report®, it was reported that the higher the
void volume of the mixing tube, the higher the measured
values using the FIA method. However, it was found that there
was a difference in the measured values among several mixing
tubes having the same void volume. Accordingly, the influence
of the inside diameter and coiling form of the mixing tube on
the measured values was investigated.

In the previous study'? and in this investigation, teflon tubes
were used as the mixing tube because they are very flexible,
easily connected to different systems and various coiling forms
are possible. But some teflon tubes do not have a very precise
inside diameter (i.d.) based on the value specified by the
manufacturers. Therefore, the relationship between inside dia-
meter of the mixing tube and the measured values of B-glucan

60 min. in a boiling water bath.

using the teflon tubes which had different inside diameters but
the same void volume were investigated. At first, three teflon
tubes (0.50 mm, 0.54 mm and 0.59 mm id.) which had a
780 ul void volume (v.v.) were compared though they were
specified as having a 0.5 mm i.d. by the suppliers. The stand-
ard curve was made with each mixing tube using the same
standard B-glucan solutions. As shown in Table 1, the meas-
ured values decreased according to the decrease in the inside
diameter.

Further experiments were carried out using the teflon tubes
(910l v.v.) which had a wider range of inside diameters
(Table IV) to investigate the cause of the phenomenon and to
clarify the relationship between the inner diameter and the
measured values. As a result, it was confirmed that the smaller
the inside diameter of the mixing tube, the lower the measured
values. Furthermore, Table IV indicates that the measured
values of the acid hydrolyzed B-glucan solution changed in the
same way as those of the measured values of beer and wort. It
is well known that B-glucans with a molecular weight less than
about 50 k daltons show a weak binding with calcofluor and
those of less than 10 k daltons hardly bind at all®!%. Previous
studies'? clarified that many factors such as measuring tem-
perature, calcofluor concentration, etc. influenced the degree
of conjunction between calcofluor and the low molecular
weight B-glucans in beer and wort and that the difference in
the conditions caused scatter of the measured values. Accord-
ingly, the acid hydrolyzed B-glucan as a source of low molecu-
lar weight B-glucan was examined. The results from the acid
hydrolyzed B-glucan solution experiments confirmed the find-
ings of earlier work!2, This means that the fluorescence in-
tensity of calcofluor for the low molecular weight B-glucan,
which was the main component in the acid hydrolyzed B-
glucan and was also present in beer and wort, was more easily
influenced by the change in inside diameter compared with
high molecular weight B-glucan in the standard solutions.
There were also indications that the mixing effect in the tubes
would be affected by the.inside diameter of teflon tubes.

To clarify the relation between the coiling form and the
measured values, the influence of two factors were investi-
gated. One is the coil diameter because it would seem probable
that coil diameters could be different between various labora-
tories. The other factor investigated was the effect of single
coils compared with double coils wound in a figure eight since
Wada et al. reported that the figure eight form reduced









