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HIGH-PERFOWWNCE LIQUID CHROMATOGRAPI2Y OF BEER BITTER 
ACIDS 

SUMMARY 

The high-performance liquid chromatogmphy of the six beer bitter iso-a-acids 
on difkeut modifkd silica gel stationary phases is described_ Octadecyl-, nitro- 
Phenyl- and cyauopropyEsubstituted and btiered siJica gels were studied with a 
variety of solvent systems. The aim was to fiud a system suitable for the routine 
isocratic analysis of the beer bitter compounds. Akhough the six iso-a-acids can be 
separated, it is concluded that a separation in three groups for each cis and DWZ.S 
pair corresponding to the three a-acids is preferable for this pm-pose. This is possible 
with an ion-pairing method on octadecyl-silica gel. 

Tlxz bitter-tasting compounds in beer mostly occur in concentrations around 
25 & 10 ppm_ They are formed during the brewing process by isomerization of the 
three hop a-acids: humulone, adhumulone and cohusnulone. Each a-acid yields a 
cis and a irmzr isomer and the&ore there are six major iso-a-acids in beer. Their 
bitter tastes are almost identical and the&ore it has bceu convenient to determine 
them as a group. Many contributions to this analysis can be found in the literature, 
but a rea!!ly satisfactory method for iso-a-acids in beer is still lacking. Numerous ring 
analyses, inter-Iaborztory exercises and comparative evaluations organized by the 
European Brewery Convention (EBC), the American Society of Brewing Chemists 
(ASBC) or others have given inadequate results, considering the efforts mzde. 

It is advantageous today to tum to high-performance liquid chromatography 
(HPLC) to obtain the required separation efficiency for the type of analysis involved. 
This investigation was a study of the HPLC of beer bitter acids. Our main aim was to 
establish the potential of commercially available derivatizd silica gel HPLC sta- 
tionary phases for the routine analysis of iso-a-acids. A similar study, mainly on the 
unisomerized hop bitter acids, the a- and /?-acids, has recently been published’. 
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All separations were carried out on a Varian 5ooO LC chromatograph, equiped 
with a lO-~1 V&o 7000 sample loop injector and a Varichrom variable-wavelength 
detector. The columns were 25 x 0.46 cm I.D. Lichroma tubing unless otherwise 
specified. The stationary phases, all 10 pm, were obtained from RSL (Eke, Belgium) 
and were used without further treatment. The columns were packed either with a 
carbon tetrachloride or a glycerol-methanol suspension slurry. All analyses were 
optimized in the isocratic mode as this greatly facilitates eventual routine analysis. 

The chemicals used were pure or were appropriately puriGed. §pecial attention 
was paid to the quality of the solvents (water and methanol). 

Beer bitter substances were extracted from acidi&d beer with 2.5 times their 
volume of isooctane. Iso-a-acids in the extract form were obtained from PRB (Wet- 
teren, Belgium). Pure individual bitter compounds were prepared from hops accord- 
_ing to the techniques developed in this laboratoryz*3. 

Reversed-phase chromatography 
Reversed-phase C,, silica gel or octadecyl-silica gel is generally the most sue- 

cessful of all derivatized silica gels. An example of a separation of hop acids on RSil- 
Cl%HL is shown in Fig. 1. This trace contains only one iso-u-acid peak, namely that 
of crrars-isohumulone. The other peaks normally do not occur in beer, or in only 
very small concentrations, but for some applications it is interesting to know the 
elution sequence of Fig. 1. 

When the percentage of water is increased it becomes possible to separate 
nearly all of the iso-o-acids. A chromatogram obtained on isomer&d hop extract 
is shown in Fig. 2. The analysis time is about 30 min. Complete resolution, which 
would permit easy quantitation, is not attained, however. With the high water and 
buffer concentrations, a high counter pressure is generated (ca. 300 kg/cm* at 100 
ml/h) and a slight loss in column eEciency occurs4 With 5pm RSiL-CIS-HL the 
separation can be complete, but the analysis takes 1 h and is clearly more diEcult. 
A trace of an isomerized hop extract in these conditions is given in ref. 1. 

Another possibility is to use four coupled RI-pm columns. The resolution is 
much improved, as shown in Fig. 3. However, the analysis time is excessive. 

As the complete resolution of the six iso-a-acids appears to be impractical, 
we can aim for partial or group separation, e.g. of all the rrrms- and all the c&so- 
a-acids together. The complete separation of the cis-trm2s pairs derived from each 
a-acid would even be better, as this can be related to hop origin and quality. This 

last aim can be partly achieved on octadecyl-silica gel by using a buffer, as shown 
in Fig. 4. The isoadhumulones are co-eluted with the isohumulones in Fig. 4. The 
analysis time is fairly long. 

Although our interest was in isocratic analyses, in this instance it is worth 
mentioning what can be achieved by judicious gradient elution. Such an optimized 
separation of a large number of six- and five-membered hop and beer bitter acids is 
shown in Fig. 5. 

It must also be emphasized that the octadecyl-silica gel must be of high 
quality in order to be able to obtain the separations shown here and that it must 
especially have a very low concentration of trace metal impurities. Trace metals can 
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FG. I_ Reersed-phasc chroma~ogram of a synthetic mixture of hop bitter adds. Fluent : methanol- 
w~ter-85 *A osthoph~~phoric acid (90:1&0.25) at 2 ml/min and 160 kg/cm:. Detection wavelength: 
280 nm_ Peaks: 1 = dcacylated anti-isohumuloue; 2 = mm.+humu!i& acid; 3 = rmm-izohuinu- 
lone; 4 = hm~ulone; 5 = czo-triqelooz~ycolupulone; 6 = eolupulone; 7 = lupulone; 8 = hexa- 
hydrcmlupulone. 

Fig. Z Etcwscd-phase chromrtograa of isolnerized hop extract. Elwnt: methanol-O.5 M citric 
acid buffer, pH 3.0 (6QAO) at 100 ml/h and 250 kg/cm’. Detection wmeIength: 2SD sun. Isornerked 
hop extract showing the six major Isoo-acids mentioned in the text in the sequence 1 = c&so- 
cohumu!one, 2 = rmGsocohumrrlo~e, 3 = cis-isohumulone, 4 = irms-isohumu!one, 5 = cis- 
isoadhumulom and 6 = ~ransGscadhum~Ione_ 

be removed from the reversed-phase material by repeated boiling in 1 N or stronger 
hydrochloric acid-methanol (I :i) mixtures, folIowed each time by extensive washing 
with methanols. For identification purposes the elution sequence and relative reten- 
tion times in Table I are useful. 

Ion-pair chomarograpiy 
Whiti and CuzneP developed an ion-pair chromato_~phic group separation 

of the isohumulones and the isocohumulones. The isoacihumuIones are co-eluted 
with the isohumulones. Whitt and CuzneP used G.005 M tetrabutyiammonium phos- 
phate and a methanol gradient from 50 to 6G%. This separation, which takes only 
8-10 snh, kirks promising for the routine Hl?LC analysis of the beer bitter acids. 
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Fig. 3. Reversed-phase chsomatograsn of isomerized hop extract on a l-m column in four 25 x 
0.2 cm sections. Solvent as in Fig. 2 at 10 ml/b and 360 kg/cm*_ Peaks as in Fig. 2. 

Fig. 4. Reversed-phase cbromatogram of isomer&d hop extract. Eluent : metbanol-O.5 Mcitric acid 
buffer, pH 4.0 (60:40) at 100 ml/h and 250 kg/cm*. Detectionwavelength: 280 mn. Peak: 1= cis- and 
trans-isocohumulone; 2 = the four other iso-a-acids. 

We have studied systematically changes in the nature (cety&rimethylammoniuruium. 
tetrabutylammonium, tetraethylammonium, tetramethylammonium and ammonium) 
and concentration (0.1, 0.01, 0.005 and 0.001 At) of the counter ion. The retention 
decreased with size and concentration, but no substantial changes in resolution were 
noted. The selectivity, however, was sometimes dependent on very small changes in 
eluent composition. With the system methanol-water-85 oA orthophosphoric acid 
(72.5:27.5:1 -0.02 M) tetrabutylammonium salt the chromatogram shown in 
Fig. 6 is obtained isocratically (B-phenylchalkone was used as a possible inter& 
standard). 

The isoadhumulones were separated from the isohumulones. The slightly 
longer analysis time was .xmpensated for by the separation of the isoadhumulones 
from the other two pairs. The difference from the Whitt and Cuzne$ procedure is 
thus that the separation is run isocratically and that three peaks (for each pair of 



Fig. 5. Reversed-phase gradient chromatography of a synthetic mixture of hop and beer bitter acids. 
Eluent: from me-hanol-u;2ter-85% orthophosphoric acid (5050zO.5) to nx%hanol-SS% o&o- 
phosphoric acid (lOO_~_S) in 30 min at 2 mllmin and with pressure from 300 to 150 kgjcm=. Deteaion 
uwckngtb: Zeo am- This trace can be produced only with very pure components of the eluent on 
2 suitabk ckminera!ized rebzrsed-phue m2teriaL Pe&s: see Table I. 

cis-frans-&-a-acids) are obtained instead of two. For routine beer analysis this is 
considered to be important. 

Normal-phase chromatography 
Silica get. Gill’ has used di-n-butykmmonium acetate as an ion-pair former 

TABLE I 

RETENTIONS RELATIVE TO HUMULONE FOR HOP AND BEER BiTTER ACIDS 1N THE 
GRADIENT CONDJ.TIONS IN FIG. 5 

Peax: h’o. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

:: 

12 
13 

cotTlpow~ Relative retentfon time 

Deacylated cmti-isohumulone 0.410 
irarwCohumuiinic acid 0.465 
rrans-Hmnu&nic acid 0.550 
trmrr-Adhunudinic acid 0.595 
rranr-ci+Isohumolone 0.718 
rrprrs-IsohI.mlulone 0.769 
fmzz.r-Xso&humulone 0.785 

Cohumulone 0.957 
HunulOX l.alO 
exe-Triqcioox)rolupulone 1.056 
Colupulone 1.073 
Lupulone 1.111 
EIeshydrocuIQpulone 1.188 
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in chloroform-light petroleum as the carrier solvent and with silica gel as the sta- 
tionary phase. The separation of the iso-a-acids was incompbte, however_ Buffered 
silk gel has been studied extensively for the separation of hop bitter acidss.g, and 
it is possible to separate the six iso-cr-acids in this way. The three cis-iso-tr-acids elute 
before the three trmrs-iso-a-acids. Chromafograms of this separation can be found 
in the references cited. Buffered silica gel is not easy fo work with, however. 

The reproducibility and lifetime of the columns are unsatisfactory. It is almost 
impossible to keep the water content of the columns cous~ant. With progressive dry- 
ing out of the column, the resolution of the iso-u-acids decreas es. At some stage (not 
specifically investigated) it becomes possible to elute all trrms- and all cis-iso-a-acids 
together in seemingly well resolved peaks (Fig. 7). This result is important in relation 
to the isomerization procedure leading to synthetic or natural iso-a-acids, and the 
ci3/trms ratio is dependent on this factor. In our hands, however, normal-phase liquid 
chromatography with buffered silica gel did not seem suitable for the routine deter- 
mination of the iso-a-acids. 

Nitru-s&a gel. Nitro-silica gel (in this case we also used Nucleosil5 pm NOa 
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Fig. 6. Ion-pair chromatography of an evaporated isooctane extract of beer containing the six major 
&-a-acids. Fluent: prepared by mixing 72.3 ml of methanol, 27.5 ml of water, 1.29 g of 40% tetra- 
butylammonium hydroxide (making the mixture 0.02 M) and 1 ml of 85% orthophosphoric acid; 
flow-rate, 129 ml/h. Detection wavelength: 280 nm. Peaks: 1 = c& and rrans-isocohumulone; 2 = 
cis- and tram-isohumulone; 3 = cis- and trans-isoadhumulone; 4 = /3-phenylchalkone as possibIe 
internal standard. 
Fig. 7. Normal-phase partition cbromatogram of isomer&d hop extract_ FairIy dry S-pm ECSiL 
bufCered with citric acid-potassium hydroxide buffer at pH 3.0. Huent: 10% diethyl ether in iso- 
octane at 100 ml/h. Detection waveIength: 280 run. Peaks: 1 = the three c%sw-acids; 2 = the 
three rrans-isw-acids. This separation is heavily dependent on the state of hydration and is very 
difEcuIt to reproduce. 
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Fig. 8. Adsorption c.hmmatogr;tphy o: isomerized hop extrzct on NucIeasil5 /LKI NO=. Eluent : iso- 
octa~4.2~~ isopmpano: zt 120 mlih_ Detection wave!ength: 280 nm. Peaks: 1 = cfGsoa&umu- 
lone; 2 = cbisohumdone; 3 = c&isocohumdone; 4 = fras-kodhumuione; 5 = ~rans-isohu- 
mulone; 6 = tratihumulox. 

is obtained by derivatization ofsilica gel with a nitiophenyl group. This phase is very 
polar and is intended to be used in the normal-phase mode_ This leads to the usual 
dif&ulties of a substantial influence of trace concentrations of small polar molecules 
(umdifiers, water) and the great di&ulty of keeping retention times and selectivity 

TABLE II 

INFLUENCE OF ISOPROPANOL CONCEhTRATION IN I SOOC?i.ANE ON THE REFEN- 
TION OF ISo-a-ACIDS 

CiWZd Cl3-h C&CO cranssd fram-h CtU2ZS-CO 

1 1.35 1_4O 1.55 1.65 1.75 1.95 
05 2.25 2.35 2.60 2.95 3.15 3.50 
0.25 4.ao 4.35 4.80 5.75 6.30 7.00 
0 Lo% 

* ad = isoadhrnulone; h = isohumulone; co = isuxohumulone. 
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constant. By first washing the column with methanol-water-85°~ orthophosphoric 
acid and then with methylene chloride, before applying isooctane-methylene chloride- 
isopropanol as the eluting solvent, the trace shown in Fig. 8 can be produced for a 
relatively short number of analyses. The retention of the iso-a-acids increases grad- 
ually and becomes excessive. 

CymopropyZ-siilicct gel. To compensate for the disadvantages of buffered silica 
gel and very polar nitro-silica gel, we examined a cyanopropyl derivatized silica gel 
(RSiL-CN). Isooctane, methylene chloride or their mixtures always gave tailing peaks. 
By washing with methanol-water-85% orthophosphoric acid (9O:lO:I) followed by 
methylene chloride, and then applying isooctane-isopropanol, a fairly good separation 
was obtained. The influence of the isopropanol concentration was studied (Table II). 

Separations with 0.2% isopropanol in isooctane of a mixture of iso-a-acids 
and of an isomerized extract are shown in Fig. 9. 

1 

Fig. 9. (A) Adsorption chromatography on RSiL-CN of a synthetic mixture of bitter acids. Eluent: 
isooctane4.2°~ isopropanol at 120 ml/h and 60 kg/cm’. Detection wavelength: 280 nm. Sequence 
of elution: 1 = chalkone; 2 = cis-isoadhumuIone; 3 = cis-isohumulone; 4 = cir-isocohumulone; 
5 = rram-isoadhumulone; ri = rrans-isohumuloae; 7 = rrans-isocohumulone. @) The same as in A 
but on isomer&d hop extract and with isooctane4.25% isopropanol. Peaks as in A. 

The attractive feature of this method is that the counter pressure is very low 
compared with the usual pressure in reversed-phase liquid chromatography and there- 
fore the analysis times can be controlled. The elution time can then easily be less 
than 10 min with virtually complete separation of the six iso-a-acids. The elution 
sequence is completely diEerent from that on reversed-phase silica gel. Considering the 
low counter pressure, the smaller S-pm packings could easily be used. We studied 
this in detail, but it was found that the typical difficulties of normal-phase liquid 
chromatography (reproducibility and influence of modifiers, as explained above) must 
be considered too great for cyanopropyl-silica gel be adopted in a routine method for 
iso-a-acids. 
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Although reversed-phase silica gel does not separate the six iso-a-acids com- 
pIeMy, it is concluded that it is suitable for the routine anaiysis of beer bitter iso- 

a-a&is_ A modi&ation of the Whitt and CuzneP ion-pair technique, separating the 
isohumulones, isocohumulones and isoadhumulones, appears to be the best choice. 
Gmplete development of such a procedure is currently in pr0gres9~. 
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