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The adsorption of beer constituents on a lipid membrane, measured using a lipid-coated
quartz crystal mnicrobalance, showed a significant correlation with its bitter intensity and bitter
duration in a sensory evaluation. The isohumulones and tetrahydroisohumulones increased the
adsorption of beer on the lipid membrane. It appears that sensory bitterness can be objectively
evaluated by measuring the adsorption characteristics of beer on the lipid membrane.
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INTRODUCTION

Bitterness is the most important organoleptic characteristic
of beer and not only the intensity but also the duration
affect the bitter quality of beer in a sensory evaluation.
Bitterness is one of the flavour items in the matching test
and a criterion for the descriptive ability, used for
sclection and training of assessors2. Lewis ef al.!® have
emphasized that the time-intensity rating of bitterness
provides a category scaling and additional information,
including rates of increase and decrease of bitterness,
persistence of maximum intensity, changes caused by
swallowing, and duration of after-taste. Hughes et al.57
have studied the sensory characteristics of isohumulones
using the time-intensity method. However, sensory
analysis, as traditionally applied, suffers from an
objective, unbiased, and reproducible evaluation, thus
necessitating statistical handling of the data.

Recently, taste and odour evaluations using membrane
sensors, which are supposed to reflect olfactory and
gustatory characteristics of the human nose and tongue,
have been actively studied. An electronic aroma detector
has been introduced for quality control in the brewing
industry, c.g. for differentiation between beers and for
recognition of the presence of important beer aromas

* To whom all correspondence should be addressed

and variety / quality parameters of malt and hops?.
livama ¢t al® have shown that beer brands can be
differentiated by a taste sensor which is constructed
using a system composed of a Ag/AgCl clectrode in
100 mM KCI solution, a lipid membrane, and a
reference clectrode in solution to measure the
membrane potential changes induced by taste
differentials. Okahata’s group'?!3 has advocated that
bitter and odorous substances can be evaluated with
a sensor consisting of a lipid-coated quartz-
crystal microbalance, which measures the frequency
change due to adsorption on the lipid membrane.
They showed that adsorption of bitter substances
such as naringin, octa-acetylsucrose, picric acid,
strychnine, quinine and brucine, on a lipid
membrane was correlated to threshold concentrations
of bitter taste in humans. The adsorption measurement
estimating the hydrophobic interactions of compounds
with a lipid membrane can be more reasonable for
the determination of bitterness than the measurement
of the potential changes, because the hydrophobic
interaction of bitter substances with taste cells
seems to be a main reaction in the perception of bitter
taste. However, the lipid-coated quartz-crystal
microbalance has not been applied for the evaluation
of foods.

The aim of this study is to establish a relationship
between the adsorption features of beer on a lipid

Journal of The Institute of Brewing

305



Volume 106, No. 5, 2000

Measurement of Beer Bitterness

membrane and its bitter intensity and duration in a
sensory evaluation.

MATERIALS & METHODS
Beer

Several types of domestic commercial beers, draft
beer with adjuncts, all malt beer, and dark beer, were
purchased. Analytical data are shown in Table 1.

TABLE L. Analytical data of the beers used in this study.

beer beer brewed with below 25% malt

A B C D

original extract (%) 12.54 12.61 11.84 11.81
apparent extract (%) 237 221 205 1.4
final extract (%) 431 420 392 341
alcohol % (v/v) 541 535 520 5.30
isolumulones (mg/litre) 159 205 176 169

total nitrogen (mg/100mL) 18 19 19 20

beer brewed with over 67% malt
E F G H |

beer

(dark

beer)
original extract (%) 1112 1117 1093 11.75 12.44
apparent extract (%) 173 151 174 166 259
final extract (%) 353 335 349 358 449
alcohol % (v/v) 496 511 485 535 525
isolumulones (mg/litre) 194 2046 2671 202 1796

total nitrogen (mg/100mL) 50 42 50 5 75

beer beer brewed with 100% malt
] K L

original extract (%) 11.61 1140 1195

apparent extract (%) 1.8 197 1.74

final extract (¢) 371 376 3.69

alcohol % (v/v) 518 5.00 4.26

isolumulones (mg/litre) 238 247 2354

total nitrogen (mg/100mL) 7 75 77

Beer lacking isohumulones was brewed in a 400 litre
pilot plant. Wort was produced with malt and adjuncts
but no hop addition by a decoction method, fermented
at 8°C for about 10 days, and then at 0°C for about 1.5
months.

Reagents

Preparations of isohumulone, Isohopco,;n 30%, and
tetrahydroisohumulone, Tetraco,n 10%, were obtained from
English Hop Products, Ltd. The content of isohumulones
or tetrahydroisohumulones by HPLC analyses was 21.6%
or 7.1%, respectively.

Apparatus

The apparatus to measure adsorption of beer, Fragrance
Sensor SF-105, was purchased from Sogo Pharmaceutical
Co., Ltd. (Tokyo). A quartz-crystal microbalance (QCM,

9 MHz, AT cut) was connected to an oscillator designated
to drive the quartz-crystal at its resonance frequency in
an aqueous solution according to the method employed
by Okahata ¢f al.1213). The QCM was driven at 5v DC and
the frequency of the vibrating quartz was measured with
a frequency counter attached to a personal computer
system (Think Pad, IBM).

Dioctadecyldimethylammonium poly(styrene sulfonate)
((C3H37),(CH3),N*PSS-) was coated onto the QCM
according to the procedure of Okahata ¢t al.13). A
chloroform solution of (C,gH;;),(CH;),N*PSS-) was cast
on electrodes of both sides of the QCM, dried in air, and
aged in water at 60°C for 1 hr. The frequency of QCM
decreased 10500100 Hz in air after the procedure,
indicating that the (C,3H3;),(CH;),N+PSS-) film was cast
10£0.1pg on the electrodes.

Measurement of adsorption of beer on lipid
membrane

The adsorption of beer was measured using the lipid-
coated QCM. Before and after measurement the lipid-
coated QCM was washed and stabilized by soaking in
distilled water with stirring for several minutes. The
lipid-film-coated QCM was soaked in distilled water for
30 s to check the frequency stability. The degassed beer
was then injected with stirring. Frequency changes in
the QCM were monitored as a function of time resulting
from adsorption of beer components onto the lipid matrix.

Analysis of isohumulones

The content of isohumulones in beer was measured by
HPLC according to the method of Ono ¢t al.1.

Sensory evaluation

Sensory evaluations were carried out using a slightly
modified magnitude estimation of the descriptive
analysis?. The bitter intensity and bitter duration of each
beer were assigned a number on a scale from 0 (no
sense) to 5 (extremely strong) and evaluated by a panel
of 10 fully trained tasters. The value of bitter intensity or
bitter duration of each beer was estimated as an average
of 5 repeated tests.

RESULTS AND DISCUSSION

Relationship between the content of ischumulones in
beer and sensory evaluation

The contents of isohumulones in the domestic beers
used in this study did not show a significant correlation
with their bitter intensities in a sensory evaluation
(Fig. 1). The contents of isohumulones in the beers were
in 21 + 6 mg/litres. The threshold for isohumulones is
known to be in the range from 5.7 to 7.3 mg/litre in
beer2!! and therefore, it seems that bitter intensity for
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FIG. 1. Relationship between the content of isohumulones in
beers and the corresponding bitter intensities in sensory
evaluations.

which isohumulones are responsible might be not so
much different. Pangborn ¢t al.'> showed that ethanol
significantly enhances the bitterness of isohumulones
and that glucose consistently reduces the perceived
bitterness of the isohumulones. Cepicka et al.4 have
speculated in the study on the time-intensity
development of sensory beer bitterness that the presence
of residual saccharides may be one among the factors
affecting the development of perceived bitterness.
Shinoda ¢t al.1e have studied the relationship between
bitter taste and the chemical structure in peptides and
has suggested that the increase of bitterness in peptides
through the introduction of hydrophobic amino acids
depended on the number of added hydrophobic amino
acids. Beer components other than isohumulones may
significantly affect the sensory bitterness of beers in
which the contents of isohumulones are comparable,
although there is no doubt that isohumulones are the
main bitter components in beer.

Adsorption of beer on a lipid membrane

Figure 2 shows the frequency change of the lipid-
coated QCM in response to the addition of beer at a time
indicated by the open arrow. The frequency of the QCM
significantly decreased during several seconds following
beer injection and then gradually decreased. The addition
of deionized water at a time indicated by the closed
arrow converted the frequency back to its original level,
suggesting that the adsorption of beer components on
the lipid membrane is fully reversible. The frequency
change increased with increasing beer volume and with
increasing temperature (data not shown). The QCM is a
very sensitive mass-measuring device at the nanogram
level, because the resonance frequency changes sharply
upon deposition of a given weight on the electrode!>.
Calibration of the QCM used in the same system

Time/min
10 15

W
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S

FIG. 2. A typical frequency change of a lipid-coated quartz-
crystal microbalance in response to the addition of beer (final
concentration: 4%) at 25°C. Beer was injected into distilled
water at the open arrow and the aqueous solution was changed
to distilled water at the closed arrow.

indicated that a frequency decrease of 1 Hz corresponds
to a mass increase of 1.05 * 0.01 ng on the clectrode of
the QCM. The time course of the frequency decrease in
Figure 2 indicates penetration or diffusion of substances
into the lipid matrix. In this study the frequency
decrease was considered to be due to adsorption on to
the lipid matrix including penetration and diffusion. It
can be deduced from Figure 2 that about 52.5 = 0.5 ng
beer components adsorbed on the lipid membrane within
10 min, resulting from electrostatic and /or hydrophobic
interactions.

For comparison purposes, the adsorption of beer was
measured as the frequency decrease at 25°C during 30 s

TABLEIL. Adsorption beers on the lipid-coated quartz-crystal
microbalance (QCM)L.

Beer  Adsorption  Beer  Adsorption  Beer  Adsorption
(AVy,) (AVy) AV

A 29.18(1.57» E 31.52 (1.00) 1 40.86 (3.77)

B 25.23 270 F 3311110 ] 48.14 (1.20)

C 32.74 (0.60) G 3513 (110 K 45.63 (1.10)

D 3240Q47) H 35.13 (4.66) L 50.68 (0.90)

1} The lipid-coated QCM was soaked in 96 ml distilled water
and 4 ml beer was injected with stirring at 25°C.

2) The value is the average of 5 repeated measurements of the
frequency decrease at 25°C during 30 s. The standard
deviation is shown in a parenthesis.

just after addition of 4 ml beer to 96 ml distilled water
(AVyy3), and the results are displayed in Table II. The
adsorption of beer tended to increase with malt
percentage used in the brewing. It seems that beer
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components derived from malt are involved in the
adsorption of beer on the lipid membrane.

Relationship between the adsorption of beer on the
lipid-coated quartz-crystal microbalance and its
bitterness

The adsorption values of domestic beers showed a
significant correlation with the bitter intensities of the
respective beers in a sensory evaluation (Fig. 3A). It
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ischumulones were added to the beer brewed without
hop addition in our pilot plant, the adsorption of the
beer on the lipid membrane appeared to accelerate
(Fig. 4A), indicating that isohumulones adsorb on the
lipid membrane. However, the domestic beers did
not give a significant correlation with their contents of
isohumulones (r = 0.550, n = 12, p> 0.05). There seems to
be bitter components other than the isochumulones
which can significantly contribute to the adsorption of
beer on the lipid membrane.
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FIG.3. Relationship between the adsorption of beers on a lipid-coated quartz-crystal microbalance and the corresponding bitter

in sensory evaluations.
(A) bitter intensity, (B) bitter duration.

follows that the sensory bitterness of a beer could be
evaluated by measuring quantitatively the adsorption of
a beer on a lipid membrane, expressed as frequency
changes of a quartz-crystal microbalance. When
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The bitter character of beer does not only depend on
the bitter intensity but also the duration. The adsorption
value of beer showed a significant correlation with the
bitter duration in a sensory evaluation (Fig. 3B). The
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FIG. 4. Effect of ischumulone analogues on the adsorption of beer on lipid membrane. Isochumulones were added to the beer
without hop addition. (A) ®: with no additions, B: 20 mg/litre isohumuloncs. A: 40 mg/litre isohumulones. (B) O: with no additions.

O: 20 mgAitre isohumulones, A: 20 mg/litre tetrahydroisohumulones.
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