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SUMMARY 

An isocratic high-performance liquid chromatographic analysis for beer iso-a- 
acids is described_ No sample pre-treaiment is necessary; beer is injected as such into 
the chromatograph. One analysis run takes 20 min. The relative standard deviation is 
2.0 %. 

INTRODUCIION 

Quantitation of the iso-x-acids in beer is currently achieved by direct photom- 
etry of a beer isooctane extract I. In our opinion complete separation between iso-z- 
acids and other isooctane-estractable compounds is needed for progress in this field. 
It is obvious today to turn to high-performance liquid chromatography (HPLC) for 
this purpose. Such an HPLC procedure was recently developed in our laboratory’, 
and consists in isocratic elution of an evaporated isooctane extract on an octadecyl- 
silica gel column. 

For routine analysis in the brewing industries, it would be useful to 
avoid time-consuming sample pre-treatment such as the extraction mentioned above. 
Methanol-water gradient elution [from methanol-water (1:9) to 100 “/d methanol; all 
solvents containing 0.5% orthophosphoric acid] of beer samples as such on an oc- 
tadecyl stationary phase gives a complex pattern. Most of the peaks detected by UV 
(270-250 nm) have not previously been identified_ They can be correlated with poly- 
phenolic compounds. Using an octadecyl-silica gel phase free of traces of metals, a 
group of three peaks appears at the end of the chromatogram (Fig. I)_ As a result of 
earlier work on beer bitter acids, we expected these to be the iso-cc-acids. Cochroma- 
tography with these compounds confirmed this- 

The analysis of iso-x-acids using beer directly as the sample must be possible 
on a high-quality reversed-phase column. Such a method for the iso-or-acids in beer 
has been developed in this work. 

EXPERXMENTAL 

A Varian LC-5020 liquid chromatograph was used with a Varian l-IV-50 vari- 
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Fig. 1. Chromatogram obtained with a Vat-km LC-5020 chromatogaph. a Varichrom detector (280 nm; 
attenuation 0.3). a Valco 7000 injector with a 50+1 sample Ioop and a 25 x 0.46 cm I.D. column made of 
Lichroma tubing, packed with 10-m ROSiL-C,,-D. Elurion at 1 ml/min with a methanol-water gradient 

from E :9 to 100 y,., methanol. both solvents containing 0.5 “/, of orthophosphoric acid. Sample: 50 JII of beer. 

able-wavelength detector_ The detector wavelength setting has to be calibrated as it is 
our experience that variable-wavelength detectors can easily be a few nanometres off 
the correct value. For quantitation at a chosen wavelength, calibration is therefore 
essential. An easy way to do this is to turn the wavelength selector with a suitable 
solution of naphthalene in isooctane in the detector cell. The very sharp, intense 
extinction peak at 311 nm is easily detected and can be compared with the wavelength 
selector reading3. 

Calibration is effected with a 2-nm slit width on the detector and the actual 
analyses with an S-run slit width. The chromatograms were both plotted and in- 
tegrated by a Varian Vista Data system. The Vista 401 includes a printer/plotter 
which plots chromatograms during a chromatographic run and then prints out a 
report at the end of the run. -4 floppy disk memory provides data storage on re- 
movable disks. Analytical methods, measured peak data, calculated results and chro- 
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matograms can be saved. The chromatograms can be re-plotted and re-integrated and 
results computed_ Baselines can be included on the re-plots. 

Although this sophisticated equipment greatly improves the ease of operation, 
we should emphasize that the analysis can be run on any HPLC instrument with a 
variable-wavelength detector and an electronic integrator_ 

The column was a Lichroma 25 x 0.46 cm I.D. tube with Valco fittings. The 
packing material is most important: it must be a high-efficiency material and espc- 
cially free from traces of metals. A test for such trace metal activity was developed 
recently4. Silica gel can be made essentially metal-free by repeated boiling in con- 
centrated hydrochloric acid followed by washing. Derivatization of such silica gel 
with octadecyl chains and deactivation with trimethylchlorosilane (TMCS) does not 
lead, however, to a material that passes the trace metal test”. On such a co!umn 
the iso-z-acids are not visible under the conditions used in Fig. 1. The bonded 
phase itself has to be boiled twice with a mixture of concentrated hydrochloric acid 
and methanol to make it suitable for the analysis of iso-a-acids. We explain these 
facts by assuming that the octadecylsilane is itself contaminated by traces of metals. 
During the acid boiling procedure the phase loses some octadecyl chains, as shown by 
foaming of the mixture_ Subsequently the phase has to be deactivated again with 
TMCS. This step does not seem to introduce traces of metals. We then use 5-pm 

ROSiL-C,,-D or spherical octadecylated and deactivated RSL 5-pm silica gel. This is 
then boiled twice with hydrochloric acid-methanol and deactivated again as explained 
above. This material, when packed correctly, will produce 20,000-25,000 theoretical 
plates for polycyclic aromatic compounds in a 25 x 0.46 cm I.D. column even with a 
classical detector cell; the time constant of the detector must be 0.5 set or lower, 
however’. (Ready-made columns for this analysis are available from Altech Europe- 
RSL)_ Further chromatographic conditions are given in the legends to the figures. 

The solvent system can be varied so as to give further separation of the six iso- 
r-acids but this leads to integration difficulties_ To avoid these, it is advisable to 
suppress partial separation of the cis--rr~~z~ iso-a-acid pairs. This is achieved with the 
chosen solvent composition. First we tried to find a suitable beer-soluble internal 
standard, but as we failed we resorted to the external standard method. The standard 
is injected first, followed immediately by the beer sample. With such a procedure it is 
not necessary to provide each individual beer sample with an internal standard. We 
used one Valco 7000 p.s.i. injector provided with a 25+1 sample loop, but for auto- 
mated operation two Valco injectors can be used in series or possibly the new ten-port 
sampling valves can be adopted for this purpose. An external standard that satisfies 
the requirement of elution close to the iso-a-acids is 2,6-d&rert.-butylphenol. The 
commercial product was purified by recrystallization from isooctane. The concentra- 
tion in methanol-water (75:25) was about 6 mg per 100 ml. The stability of the 
external standard solution was checked over several weeks and at several concentra- 
tions by chromatography against a suitable naphthalene solution; no deviations were 
observed. 

The iso-a-acids of beer consist of three pairs of c&tram isomers. Under the 
conditions of the analysis cis- and trans-isocohumulone elute together in the first 
peak, cis- and trans-isohumulone elute in the second peak and the third peak is then 
cis- and trans isoadhumulone. The fourth peak in the example in Fig. 2 is then the 
external standard, 2,6-di-tert.-butylphenol. The molar absorptivities of the six iso-cr- 
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Fig. 2. Chromatogram obtained under the same conditions as in Fig. 1. except detection at 270 mn 
(attenuation O-05), a 25-9 sample loop, 5-m ROSiL-C,,-D. and isocratic elution with methanol-water 
(S020) containing i3 &I of 40 7; tetrabutylammonium hydrorzide and 2 7; of 85 71 orthophosphoric acid. 
At point i, injection of external standard, _ 75 IJ of 2,6-&rert.-butylphenoi (6.69 mg in 100 ml of methanol- 
water (752>3_ At point i’, injection of 23 4 of beer. The last peak is the external standard; the three peaks 
before it are the three cir-trans pairs of iso-z-acids. 

Fig_ 3. Chromatograim obtained under the same conditions as Fig. 2, except att. 0.1 and elution at I ml/min 
N?:h a methanol-water _madient from 60 Y0 to 53 Yg methanol (containing 1 o/o of orthophosphoric acid) in 5 
m&At pointi.injcctionof~~temalstand~d.25plof2,6ai-frr~.-but~lphenol(6.69mgin lOOmlofmethanol- 
xxcr, 75%). At point i’. injection of 25 4 bzr_ The gradient starts at point i’. The last peak is the external 
standard; the three peaks before it are the three cir-rrans pairs of iso-z-acids. 

acids difier but, as explained previously6, these differences are minimized by measur- 
ing at 270 nm. Errors resulting from this effect and from variations in the iso-a-acid 
composition are unavoidable. The small isoadhumulones peak introduces the 
greatest integration error. If it could be forced under the isohumulones peak this 
weakness would be avoided. We have made considerable efforts to find conditions 
under which the isohumulones and isoadhumulones could be co-eluted, but were 



HPLC OF BEER ISO-z-ACIDS 325 

unsuccessful_ A tendency in the right direction is obtained by increasing the ortho- 
phosphoric acid concentration. The time element is also important. of course. We 
tried to use shorter analysis times but without success so far, as the reproducibility of 
the resolution and integration is adversely affected_ We realise, of course, that the 
brewing industry would be strongly in favour of shorter, analytical runs, e.g. less than 
10 min for a potentially routine on-stream analytical technique- 

We also investigated whether gradient elution would improve the method_ The 
optimized result with a gradient is shown in Fig. 3. Although the separation looks 
better, the relative standard deviation, not surprisingly, is even greater than with the 
isocratic procedure (CQ. 2_5-3_O”~ compared with 2%). Gradient elution requires a 
longer time for re-equilibratin, 0 the column after each run. IMoreover, the solvent 
quality requirements are very stringent. Further details on this gradient elution tech- 
nique are given in the legend to Fig. 3. 

The main reason for the high standard deviation in both procedures is the 
double injection or the use of the esternal standard technique_ It is therefore im- 
portant to continue to search for a method for the analysis of iso-r-acids that is faster 
and uses the internal standard technique_ More efficient HPLC is therefore the answer 
and we are working towards this goal. 

A calibration equation was established by plotting the ratios of weight and 
peak area of the estemal standard to those of irurzs-isohumulone. The latter com- 
pound was obtained by photoisomerization of humulone’. Great care was taken to 
ensure the purity of both humulone and rrarx-isohumulone. Unfortunately, these 
compounds are so unstable to air oxidation that even after a few days, even in the 
freezer. the molar absorptivities change. 

The equation established for truns-isohumulone is _r’ = 0.195~ + 0.004, where 
J is the ratio of the concentrations of the two compounds and s is the ratio of the 
peak areas. For lack of anything better, the same equation is used for all iso-x-acids. 
We have shown earlier, however, that this is acceptable6. 

Each peak area is converted into concentration in parts per million as follows: 

Concentration in peak (ppm) = 
area iso peak 

0.195 - area standard + 0.004 
> 

-66.9 

In this example the concentration of the external standard was 66.9 mg/l. The total 
content of iso-a-acids in beer is then found by adding the results for the three peaks- 

The relative standard deviation for a typical series of results is aven in Table I. 
The concentration of iso-a-acids in some commercial beers as determined with 

the present method was compared with the results obtained by direct photometry on 
an isooctane extract. For the latter determination, acidified beer was extracted with 
2.5 times its volume of isooctane. The absorbance at 276 mn was converted into iso-r- 
acid concentration by means of the equation 

Iso-a-acids (mg/l) = (28.6 - 2.5. A) - 5.8 
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TABLE I 

COl\iCENTRATIONS OF ISO-z-ACIDS IN A CO_M,MERCIAL BEER 

Results of replicate determinations (mgjml) 

Average: 
Srazdard de\iiation: 
Relative standard deviation: 

25.32 27.91 
27.56 z3.4-s 
29.27 27.93 
29.25 x93 
28.34 25.3s 
28-46 

0.573 
x01?: 

where il is absorbance_ The results are given in Table II. 
The differences between the two methods (confirmed by many other measure- 

ments) range from only 3% to nearly X0%. This is most disturbing and demands 
further research. In any case, according to HPLC beers contain larger amounts of 
iso-z-acids than was hitherto suspected_ Most intriguing is also the observation that 
bitterness as evaluated by tastin, 0 does not seem to correlate well with the HPLC 
results. Result A, for example, is for a French beer generally considered to be much 
milder in taste than the others_ 

TABLE II 

COMP.ARISOS OF RESULTS OBTAINED BY HPLC AND DIRECT PHOTOMETRY 

Beer sample Iso-z-acirlr (mg!ml) 

HPLC Direct 
photometry 

h 26.43 20.95 
B 25.&l 22.36 
C 27-49 26.56 
D 25.57 25.79 
E 32.91 26.23 
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