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INHIBITOR OF FLUORESCENCE REACTIONS BETWEEN CALCOFLUOR AND P-(1,3)(1,4)-D-GLUCAN

IN BEER AND WORT
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An inhibitor of calcofiuor fluorescence reaction in beer and wort was shown by analyzing beers and
worts containing no p-glucan. The inhibitory activity was enhanced against the fluorescence reaction

which is intensified by linicage of calcofluor with p-glucan compared to the fluorescence of calcofiuor
itself. The investigation indicated that the inhibitor was derived from malt and is produced during the
germination process. The inhibitory activity in beer and wort changed with the degree of malt modi
fication and the ratio of malt in the grist. Japanese beers had a wide range of inhibitory activities
against the calcofiuor fluorescence, lowering the apparent p-glucan contents by 12 to 20%. The
inhibitor in beer and wort appeared to be an acidic compound with a molecular weight of less than
1000 daltons.
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Introduction

It is well known that the P-(l,3)(l,4)-D-glucan from barley is

responsible for a delay in wort5 and beer7'7-" filtration and
precipitate formation in frozen beer91013. P-Glucans are the

major structural component of barley endosperm cell walls8
and are degraded by endo-P-glucanase during germination14

and kilning20 in malting. If the P-glucan is not sufficiently
degraded during malting, the remaining high molecular weight
P-glucans cause a decrease in the brewhouse yield6 and low

fermentability in addition to the above problems. Therefore, it

is very useful for maltsters and brewers to analyze the P-glucan
content in malt, wort and beer precisely.

Two methods of measuring the P-glucan content have been

widely used by maltsters and brewers in recent years. One is

the enzymatic method, the McCleary method1415, uses

lichenase which specifically hydrolyzes the P-(l,3)(l,4)-D-

glucan, and the other is the flow-injection analysis (FIA)
method2-3-16-18 using the fluorochrome named calcofluor the

fluorescence of which is intensified by specific linkage with the

P-glucan. Because the FIA method is simpler and faster, it has
advantages for application to the routine quality control of

malts in malting plants and breweries.

However, investigations"-12 revealed that ethanol and malt
ose in a sample affect the determinations made by the calco-

fluor FIA method. The presence of 5% (V/V) ethanol and 10%
(W/V) maltose in a sample caused errors of over 10% in the

measured values under some conditions of the FIA system.

Naturally, it would be presumed that other components in beer

and wort such as protein, salts, other sugars, lipids and so on

could together affect the FIA method even though each com

ponent separately had no significant effect. Therefore, the

whole influence of the components in beer and wort, except for

P-glucan, on the calcofluor-FIA were investigated. As a result,

it was found that beer and wort without P-glucans interfered
with the fluorescence reaction of calcofluor. In this paper, it is

reported on the presence and some characteristics of the

inhibitor of the fluorescence reaction of calcofluor and how it
influences the calcofluor-FIA.

Experimental Methods

Materials

All chemical used were reagent grade or better. Specialty

TABLE I Standard measuring conditions of the HA method in this

study

1. Temperature

2. Sample volume

3. Mixing part

4. Flow rate

5. Ex. wove length

6. Em. wave length

7. Calcofluor reagent solution

8. Calibration method

20°C

20 nl

0.S4 mm i.d.. 1 ml void volume teflon

tube with 70 mm coil diameter

3 ml/min

360 nm

420 nm

IS mg/l calcofluor, 100 mg/l

triton X100 in 0.1 M glycinc-NaOH

butTcr, pH 9.2 (20°C)

peak height calibration

chemicals were obtained as follows: barley P-glucans from

Biocon Biochemicals, Ltd. (Cork, Ireland); calcofluor from

Polysciences, Inc. (Warrington, PA, U.S.A.); lichenase (1000

units/ml) from Megazyme Pty, Ltd. (Sydney, Australia);

caramel from Hara Yakuhin, Inc. (Tokyo, Japan); CO2 hop

extract from Pfizer, Inc. (Milwaukee, Wis, U.S.A.).

Standard P-glucan solutions (30, 50, 75, 100, 150, 200 and

250 ppm) were prepared following the EBC method. A calco-

fluor stock solution was also prepared following the EBC

method except that the calcofluor concentration was 1.5 g/l.

The calcofluor working solution shown in Table I was

prepared following the previous paper.

A cellulose dialysis tube (M.W. cutoff 1000) was obtained

from Spectrum Medical Industries, Inc. (Los Angeles, CA,

U.S.A.). Sep Pak cartridges were purchased from Waters Corp.

(New England, MA, U.S.A.).

Acid Hydrolysis of Barley fl-Glucan

Acid hydrolyzed P-glucan was prepared as previously

reported". The P-glucan hydrolyzed for 60min was used in
this study after adequate dilution. The molecular weight ana

lysis of the hydrolyzed P-glucan was carried out using the same

gel permeation chromatography as in our previous report". As

a result of the analysis, the P-glucan hydrolyzed for 60 min had

a molecular weight distribution from 100k to Ik daltons

which had a peak at about 10 k daltons.

Calcofluor FIA System and Operating Conditions

The system diagram is shown in Fig. I. An LC-6A pump,

SIL-6A injector, CR-3A integrator, RF-535 fluorimeter and an

SCL-6A system controller (Shimadzu Seisakusho Company,
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Fig. 1. Diagram of a calcofluor FIA system.

TABLE II Repeatability (195) and coefficient of variation (Cv) of

the calcofluor FIA method in this study (n = 8)

Beer 1 Beer 2 Beer 3 Wort 1 Wort 2 Wort 3

tory. This assay of the inhibitory activity was conducted in

duplicate.

Extraction of Inhibitorfrom Malts

Malts were milled with a centrifugal mill (0.5 mm screen).
The milled malt (10 g dry weight) was mixed with distilled

water (40 ml). The mixture was stirred at room temperature

for 1 hour, followed by centrifugation (6000 gx lOmin). The

supernatant was heated in a boiling water bath for 15 min.

After cooling in tap water, the opaque solution was filtered

through a cellulose nitrate membrane filter (pore size 0.45 um)
to obtain a clear solution.

Hot Water Extraction of Hop

Coarsely milled hop pellets (5 g) and tap water (1 litre) were

put into a 2 litre Erlenmeyer flask with a reflux condenser and

then boiled for 90 min. After cooling, the solution was Filtered

through a No. 2 filter paper made by Advantec Toyo Kaisha,
Ltd. (Tokyo, Japan).

Mean, mg/1 87 133 232 29 44 170

Range, mg/1 85-89 132-135 229-235 28-29 43^4 167-172

r95, mg/1 3.7 3.2 5.3 1.5 1.5 4.3

Cv,% 1.5 0.8 0.8 1.8 1.2 0.9

Kyoto, Japan) were used. Unless noted, the operating con

ditions listed in Table I were adopted. Table II shows the

repeatability and coefficient of variation for repeatability of

this method in our laboratory. All results of the FIA in this

paper were from duplicate measurements.

Assay of Inhibition of Calcofluor Fluorescence Reaction

Lichenase reagent from Megazym Pty, Ltd., was diluted to
50 units/ml with 20 mM Na-phosphate bufTer (pH 6.5). Five

ml of wort or beer was mixed with 5(il (0.1 unit) of the

diluted lichenasc solution in a 13 ml polyalomer tube with a

screw cap. The mixed solution was kept at 40°C for 2 hours.

After centrifugation (1500 gx 1 min), the solution was heated

at 120°C for 1 hour on a heat block to inactivate the lichenase

and then cooled in tap water followed by centrifugation (1500
gx 10 min).

The supernatant was filtered through a cellulose nitrate

membrane filter (pore size 0.45 um). A P-glucan solution was

mixed with the p-glucan decomposed beer or wort with a
mixing ratio of 1:9. The p-glucan content was determined by

the calcofluor-FIA method. As the control, a P-glucan solu

tion diluted with distilled water at the same ratio was also

analyzed. The difference between the two measured values and

the inhibition ratio in beer and wort to the control was

calculated. Table III shows the repeatability and coefllcient of
variation for repeatability of this assay method in our labora-

TABLE HI Repeatability (n»s) and coefficient of variation (Cv) of

the FIA measured values of samples for the assay of the

fluorescence inhibitory activity in beer and wort (n=7)

Acid hydrolyzcd P-glucan Mean Range r95 Cv Inhibition

solution diluted with mg/1 mg/1 mg/1 % ratio11, %

Distilled water (control)

Beer B treated with

lichenaseb

165 163-166 3.0 0.6 —

134 131-135 3.9 1.0 19

Results and Discussion

Identify the Inhibitor of the Calcofluor Fluorescence Reaction

In the previous papers1112, the influence of maltose and
ethanol on the calcofluor-FIA method were investigated. How
ever, there are many other substances in beer and wort, and it

is presumed that they could have some effects on a calcofluor-

FIA. Therefore, attempts were made to investigate the in

fluence of all components in wort and beer, except P-glucan,

on the calcofluor-FIA method by using beers and worts

including no P-glucans.

The beer and wort without P-glucans were prepared follow

ing the enzymatic digestive method described in the experi

mental section. At first, the P-glucan-free beer and wort were

analyzed without addition of p-glucan. As shown in Table IV,

negative peaks were observed for the absence of P-glucan. The

P-glucan-free beer and wort gave lower peak height values
than distilled water. Because it is well known16-18 that beer or

wort of a high colour intensity decreases the fluorescence of

calcofluor, the peak height value of a caramel solution (colour

22 EBC units) was also investigated. As a result, the high

colour value caused a lower peak height than distilled water,

but the value of the caramel solution was higher than those of

beer A (colour 11 EBC units) and wort A (colour 13 EBC

units). Furthermore, Table IV also shows that ethanol and

maltose had the opposite effect of increasing the peak height

value of this calcofluor-FIA method.

Next, the values for a P-glucan solution in distilled water

and beer A and wort A solutions containing the same p-glucan

content were compared. Table V shows that the measured

TABLE IV Difference in the measured negative peak

height of the calcofluor-FIA among

samples including no P-glucun

Distilled water (control)

Beer A treated with lichenase3-"1
Wort A treated with lichenaseb>d
Beer A treated with lichenased
and a Sep Pak NH2

Caramel solution11

10% (V/V) Ethanol solution

20% (W/V) Maltose solution

Peak height (mV)

-0.96

-1.93

-1.73

-0.60

-1.48

-0.31

-0.24

"(control value-test value)/control valuexlOO

bSee Table V

aColour II EBC units, bColour 13 EBC units, 'Colour
22 EBC units, dWort and beer were incubated with
lichenase (0.02 unit/ml) at 40cC for 2hr. The solution

was filtered after heat treatment at 120°C for I hr.








