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The established technique of time-resolved fluorescent spectroscopy has been applied to the rapid
measurement of beer bitterness. This novel application utilises the unique long-lived fluorescence

properties of the lanthanide, europium. Europium ions have the ability to selectively chelate fl-

tricarbonyl structures such as the feo-humulones. The resultant complex is measured by irradiating the

sample at a specific wavelength and measuring the intensity of the long-lived emission. The bitterness

method measures the total contribution of /so-alpha acids and related congeners. A linear relationship

between standard /so-alpha acids solutions and emission intensity was found. However, in beer the

effects of colour and other interfering compounds were significant. Decolourization of the beer did not

improve the correlation with BU. This paper presents a preliminary investigation into the potential

applications of this novel method.

Key Words: Bitterness (determination of)

Introduction

The solvent extraction and spectrophotometric analysis of

wort and beer bitterness1-7 is a technique used throughout the
brewing industry. Methods involve multiplying the optical

density of an acidified solvent extract at a given wavelength

by a factor to produce an analytical value, measured as

Bitterness Units (BU).

BU = Optical Density at 275 nm x 50

This method, used internationally and recommended by the

Institute of Brewing (IOB), is prone to a number of limita

tions. Firstly, the solvent extract may contain other organic

species which absorb at 275 nm but contribute little to overall

bitterness (for example, butylphcnols") and secondly, the

method is subject to laboratory error. The mean precision

values determined by 16 laboratories in a major UK brewing

company using 33 sample pairs show that when analysing a

series of samples in the range 18-32 BU, the repeatability (r95)

was 1.0 and the rcproducibility (R95) was 4.1.

High performance liquid chromalographic (HPLC) tech

niques can also be used to measure the alpha acids and

/.so-alpha acids content in hop extracts and beers1-3-1-. These
techniques suffer from a number of limitations, which were

summarised by Verzele1718. Firstly, the presence of trace
metals in the column can decrease the hop acids chromalo-

gram peaks, by complexing with the uo-humulone group.

This can lead to errors of up to 10%, although the addition

of ethylcnediaminetclraacctic acid (EDTA) can limit this

effect by providing alternative metal binding sites. Secondly,

the technique suffers from the lack of a stable reference

/.w-ulpha standard as the hop acids are readily oxidised in air

and degrade on exposure to sunlight, although photo-wo-

humulonc has been suggested as a standard for HPLC

analyses14. Additionally, the technical experience required to
operate the HPLC makes the technique ill-suited for routine

production use.

The novel method of bitterness analysis reported here is

dependent on the selective chelation of lanthanides to P-

carbonyl structures such as the uo-humulone group and the

unique fluorescent properties of the resultant lanthanide com

plex; in particular long lifetimes and line-like emission bands.

Long lifetimes arise from Laporte forbidden electronic tran

sitions within a 4f" configuration resulting in slow lumi

nescence. Line-like emission characteristics are due to the fact

that the emitted excited state and the ground state have the

same 4f" electronic configuration and that the f orbitals are

shielded from the environment by the outer s and p electrons.

By irradiating a sample at a specific wavelength, the

fluorescence may be measured at a delayed point in time,

after background fluorescence has already decayed and the

lanthanide probe is still emitting. This technique is known as

time-resolved, or time-gated fluorescence spectroscopy and

has been used in many branches of science45101316 but has

not been investigated in the brewery field.

Lanthanide chelates, in combination with fluorescent

spectroscopy, have become a generally accepted immuno-

chemical tool19. The method incorporates fluorescent

spectroscopy and a rcactant labelled with a covalently bound

lanthanidc chelate. From spectroscopic and quantum

chemical data it was concluded that among the lanthanide

ions, dysprosium (HI), samarium (III), terbium (III) and

europium (III) were the most suitable ions for this study

because they exhibit ionic fluorescence; whereas the others,

such as lanthanum (III), gadolinium (III) and luletium (III)

arc unsuitable because they do not have such fluorescent

properties. A disadvantage of using fluorescent chelates is that

their fluorescence is inhibited by water. This inhibition is due

to the ability of lanlhanide ions to co-ordinate with water

molecules so that absorbed light energy is transferred to the

solvent sphere and is lost as vibrational energy, rather than

being emitted as fluorescence.

In our studies, europium was used due to its low cost,

ready availability and frequency of use in other time-gated

fluorescent studies. It has the ability to chelate with P-

tricarbonyl structures which are similar to that contained in

the uo-humulone group. Once bound to a ligand molecule,

the resultant species has fluorescent decay times of the order

of milliseconds compared to the nanosecond decay times of

background fluorescence. Interference effects from the other

unbound excited molecules in a beer matrix are therefore

minimised, as these species arc only short-lived.

Europium will not fluorcsce unless it is bound to a ligand

molecule, in which case the characteristic emission wavelength

occurs at 615.0 nm. The proposed mode of binding of euro

pium'to an /.vo-humulonc group is detailed in Figure I. If

there is a linear relationship between wo-humulone concen

tration and the emission intensity of the europium chelate,

then this will provide a sound basis for a new method. It is

both selective to /J-tricarbonyl structures, sensitive and could

be used as a complimentary, more sophisticated method

compared to existing techniques.












