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The use of reduced isomerised hop extracts to achieve both bitterness and light stability
became very popular during the last decade. Changes during storage in four hop extracts
and seven commercial lager beers are studied using HPLC and spectrophotometric tech-
niques. The degradation of the iso-α-acids and tetrahydro iso-α-acids as a function of time
is represented by the ratio, in percentage, of the sum of trans-isomer concentration to the
sum of the cis-isomer concentration (T/C). The results provided conclusive evidence that the
gradual decreased of bitterness intensity in beer was due to the degradation of iso-α-acids,
notably to the instability of the trans-iso-α-acids. When the beers were stored for 14 days
at 45◦C the decrease of the T/C average varied from 8.6 to 14.0%, except in lemon beer,
in which case, T/C decreased 36.9%. The results allowed us to infer that in open storage
and/or warm conditions the deterioration of beer was critical above 35◦C. On the other
hand, the results showed that tetrahydro iso-α-acids remained unaltered.

Keywords: Commercial beers, Iso-α-acids, Tetrahydro iso-α-acids, Bitterness, Storage,
Hop, Brewing.

INTRODUCTION

The bitter taste of beer is derived from hops (Humulus lupulus L.) or hop extracts
added to the wort during brewing.[1] In the boiling process, the hop α-acids, which are
mildly bitter, are isomerised into the bitter-tasting iso-α-acids. These products are not only
responsible for the bitter taste of beer, but they also exhibit bacteriostatic properties and,
furthermore, play an essential role in enhancing the foam stability of beer.[2–5]

Activity-guided separation of a hop extract, before and after wort-boiling, revealed
that, besides the α-acids, the β-acids are also potential bitter taste precursors in hop.[6]

Flavour changes in packaged beer constitute one of the most serious challenges in brew-
ing. The deterioration of beer flavour, occurring during storage, was believed to be caused
by the formation of long-chain unsaturated carbonyls with low flavour thresholds.[7]

Among the carbonyls responsible for these changes, trans-2-nonenal was very impor-
tant, giving the product a cardboard off-flavor at a concentration as low as 0.035 ppb.[8]
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An array of enzymatic and chemical reactions are supposed to be involved in the for-
mation of aging carbonyls, including melanoidin-catalysed oxidation of higher alcohols,
oxidative reactions of iso-α-acids, Strecker-type degradation of amino acids, autooxida-
tion, photo-oxidation and enzymatic degradation of unsaturated fatty acids, and aldol-type
condensations of short-chain aldehydes.[8–11] It is widely known that a decrease in bit-
ter substances, as well as in the sensory impression of bitterness, occurs during the
aging of beer. Storage of beer at elevated temperatures simultaneously resulted in a
decrease in bitterness-producing substances and a pronounced deterioration of the quality
of bitterness,[12] even in beer previously prepared at the pilot brewery.[13]

Six major iso-α-acids (cis- and trans-pairs of isocohumulones, isohumulones, and
isoadhumulones) impart most of the bitter flavor to beer brewed with fresh hops (Fig. 1).
The concentration of each hop-derived hop bitter acid varies from beer to beer. The choice
of hop variety, the amount of hops and hop products used, and the conditions employed
both in hop processing and beer production determine their concentration in beer.[14] The
bitterness of a beer can be profiled by chromatography, particularly by HPLC of the
iso-α-acids and UV detection of individual constituents.[15] These iso-α-acids were stud-
ied in great detail and their properties, as well as their chemical features, are quite well
understood.[16,17] Some aspects of beer aging have recently been studied by the authors’
group.[18,19] Partition coefficients of iso-α-acids and derivates, including hydrogenated
molecules, such as dihydro-, tetrahydro-, or hexahydro, as well as their molecular sizes,
have been used by us in order to establish the bacteriostatic effects of referred species.[20]

Currently, much attention is being paid to reduced iso-α-acids, amongst others in
the making of light-proof beers and beers with improved foam characteristics.[21,22] The
use of reduced, isomerised hops extracts became very popular during the last decade in
terms of achieving both better foam and light stability. Nowadays, one of the most com-
mon products are tetrahydro iso-α-acids.[16] For their routine quality control, most brewers
use a simple and rather empirical method to determine beer bitterness based on a simple
spectrophotometric measurement of the light absorption by an iso-octane extract.[23]

Hop products used in brewing are commercially present in various forms, such as
hop cones, powdered hops, hop pellets, hop extracts, and isomerised extracts.[24,25] In
Europe, hop extracts are the most often used products because they are the cheapest
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Figure 1 Isomer structures of iso-α-acids.
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form of bittering. In this work, a comparative study of different samples of iso-α-acids
and tetrahydro iso-α-acids was carried out using HPLC, a very popular technique in food
analysis.[26,27] Effects of storage temperature on isomerization and degradation are studied
both in commercial beers and in extracts.

MATERIALS AND METHODS

Four samples of different iso-α-acids and tetrahydro iso-α-acids extract provided
from Germany were analysed using HPLC: two iso-α-acids (30%) and two tetrahydro iso-
α-acids (10%), all of them pH = 9.0. They were stored in darkness at different temperatures
(5, 15, and 35◦C) for one month.

Extract A: An aqueous solution of the potassium salts of iso-α-acids.
Extract B: Potassium salt of iso-α-acids in aqueous alkaline solution.
Extract C: Aqueous solution of the potassium salts of tetrahydro iso-α-acids.
Extract D: Tetrahydro iso-α-acids in aqueous alkaline solution.

The following seven commercial beers were used: L1 NAC (Lager Non-Alcoholic
Can) (0% vol), L1 NAB (Lager Non-Alcoholic Bottle) (0% vol), L2 B (Lager Pilsen
Bottle) (5.0% vol), L2 C (Lager Pilsen Can) (5.0% vol), L3 CL (Lager Colourless
glass) (4.6% vol), L4 WL (Lager with lemon) (0.9%vol), and L5 P (Lager Premium)
(5.4% vol).

HPLC Conditions

The HPLC system consisted of a HP 1090 with a UV detector (Hewlett Packard,
USA), which was set to measure absorbance at 270 nm. The injection volume was 10
μl. A Nucleosil column C 18 (250 × 4.6 mm, 5 μm) was used. The method accepted
by the European Brewery Convention (EBC) was used (Sigma-Aldrich, Germany). This
method has moments in gradient regime and moments in isocratic regime. For the complete
separation, A was methanol pure and mixture B was acetonitrile-1% citric acid buffer (3:7)
(v/v). The citric acid buffer was adjusted to pH 7.0 with 20% KOH solution and filtered
separately before combination with the organic solvents. The percentages of cis- and trans-
isomers were analysed. Data of trans- and cis-isoadhumulone were deliberately omitted
because errors in the quantification of these minor constituents could be considerable. The
reported HPLC results are the average of at least three determinations.

Beer Samples

Beers were bought at local stores, kept at different temperatures (35, 40, and 45◦C),
and freshly opened prior to analysis. They were stored in darkness for 14 days and degasi-
fication was done by ultrasonication. A portion sample of degasified beer was filtered
through a syringe filter (0.2 μm) prior to injection.

Analysis of Bitterness

The bitterness of beer was analysed using the EBC method. The Institute of Brewing,
Mitteleuropäischen Brautechnischen Analysenkommision, and American Society of
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Brewing Chemist organisations have accepted a standard method based on a simple spec-
trophotometric measure of the light absorption at 275 nm by an iso-octane extract of
an acidified sample with HCl (22). The result of the analysis expresses bitterness in
International Bitterness Units (IBU): Absorbance at 275 nm × 50. The factor of 50 is
determined empirically and based on the assumption that about 70% of the absorbance
reading of an iso-octane extract is caused by iso-α-acids. The spectrophotometric results
were the average of at least three determinations.

RESULTS AND DISCUSSION

Firstly, all isomers in each sample were separated by HPLC. Four isomers were
identified at different retention times: cis-isocohumulone 15.88 min, trans-isocohumulone
16.67 min, cis-isohumulone 20.75 min, and trans-isohumulone 21.52 min. Data of trans-
and cis-isoadhumulone was deliberately omitted because errors in the quantification of
these minor constituents could be considerable.[21]

Hop Extracts

A study of temperature effects (5, 15, and 35◦C) in isomer variation on hop extracts
was carried out. Figure 2 shows the variation of each isomer with temperature. Figure 2a
shows that cis-isohumulone remained largely unaltered, whereas the trans-iso-α-acids dete-
riorated at a much faster rate than the cis-iso-α-acids. These results might be justified since
the propensity of trans-iso-α-acids to auto-oxidation was associated to the cis-configuration
of the side chains at C(4) and C(5), therefore creating a region of high electron density,
which allows ready initiation of radical-type oxidation reaction.

Trans-iso-α-acids are lost preferentially during primary fermentation and are
enriched in the beer foam with respect to the cis-iso-α-acids. Differences in the properties
of the trans-and cis-iso-α-acids were previously observed.[28,29] The differential behaviour
may be explained on the basis of small, but significant, entropy differences between
trans- and cis-iso-α-acids related to the respective geometrical configuration. These entropy

0

2

4

6

8

10

12

14

16

0 5 10 15 20 25 30 35
Temperature

A
re

a 
* 

10
−

6

CIC (A)
TIC (A)
CIH (A)
TIH (A)
CIC (B)
TIC (B)
CIH (B)
TIH (B)

A
re

a 
* 

10
−

6

0

10

20

30

40

50

60

70

80

0 5 10 15 20 25 30 35
Temperature

CTC (C)
TTC (C)
CTH (C)
TTH (C)
CTC (D)
TTC (D)
CTH (D)
TTH (D)

Figure 2 Temperature effects on iso extract isomer areas: (A): Extract A; (B): Extract B, (C):
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differences were caused by the position of the prenyl and isohexenoyl side chains. These
side chains are on the same side of the five-membered hop acid ring in trans-iso-α-acids
but they are on the different side in cis-isomers. Parallel studies were made with tetrahy-
dro iso-α-acids samples. Figure 2b shows the variation of different isomers with varying
temperatures. In this case, we can observe that the cis- and trans-tetrahydro iso-α-acids
remained unaltered.

Commercial Beers

Several studies demonstrated that auto-oxidation, including decomposition of iso-α-
acids, played a pivotal role in the deterioration of taste and flavour qualities of beer during
aging.[21] In order to continue with our previous research, the effect of temperature of
storage on isomers variation in seven commercial beers was studied (Fig. 3). Full results
obtained are shown in Table 1. Percentage variation of each iso-α-acid with the temperature
in beers is shown in Fig. 4.

The storage properties of trans- and cis-iso-α-acids may be described as the ratio
of the sum of the concentrations of trans-isohumulone and trans-isocohumulone to the
sum of the concentrations of cis-isohumulone and cis-isocohumulone, expressed as a
percentage (T/C ratio %). Table 2 shows the variation of this ratio for analysed beers.
It was observed that in analysed beers the cis-isomer predominates, however, in non-
alcoholic beer, the concentration of cis- and trans-forms is similar. In fact, the ratio
trans-/cis- decreased with aging, indicating a pronounced degradation of the trans-iso-
α-acids.

Studies about bitterness of the iso-α-acids[14,17] demonstrated that there were large
differences in the bitterness of the individual compounds: cis-isohumulone > trans-
isohumulone = cis-isocohumulone > trans-isocohumulone. There are two trials that are
worthy of noting. Firstly, for a given pair of cis- and trans-isomers, the cis- component
was significantly more bitter than its trans- counterpart. Secondly, the isohumulones were
more bitter than the isocohumulone. This latter was expected on the basis of polarity, but
the differences in the behaviour of the cis- and trans-isomers cannot be explained in terms
of polarity as there is little, if any, difference between them. Thus, the bitterness of beers
was analysed using a spectrophotometric method. The result of this analysis expressed the
bitterness in IBU. In fact, spectrophotometric measurements have corroborated the results
obtained using HPLC. It was found that the beers analysed had bitterness in the range of
8–22 IBU and an approximate equivalence between IBU and percentage of iso-α-acids was
achieved (Fig. 5).

CONCLUSION

Decomposition of iso-α-acids, the main bittering agents of beer during the beer
aging, determines the consistence of the bitter taste in beer. This study demonstrated that
the decrease of trans-isohumulone concentration by temperature effect was rather more
important than in other isomers. Being the second most important compound in bitterness
intensity, it is expected that the decrease of bitterness will be notable.



Ta
bl

e
1

A
re

as
of

di
ff

er
en

ti
so

m
er

s
of

is
o-

α
-a

ci
ds

an
d

te
tr

ah
yd

ro
is

o-
α

-a
ci

ds
fo

un
d

in
co

m
m

er
ci

al
pa

ck
ag

ed
be

er
s

st
or

ed
fo

r
14

da
ys

at
4,

35
,4

0,
an

d
45

◦ C
.

B
ee

r
Is

om
er

s
fo

un
d

A
bb

r.
4◦

C
35

◦ C
40

◦ C
45

◦ C

L
1

N
A

C
C

is
-i

so
co

hu
m

ul
on

e
C

IC
(6

.8
±

0.
3)

∗ 1
05

(6
.1

±
0.

4)
∗ 1

05
(5

.5
±

0.
3)

∗ 1
05

(5
.3

±
0.

3)
∗ 1

05

T
ra

ns
-i

so
co

hu
m

ul
on

e
T

IC
(6

.1
±

0.
4)

∗ 1
05

(5
.9

±
0.

3)
∗ 1

05
(5

.2
±

0.
3)

∗ 1
05

(5
.0

±
0.

3)
∗ 1

05

C
is

-i
so

hu
m

ul
on

e
C

IH
(1

7
±

1.
6)

∗ 1
05

(1
6

±
2.

0)
∗ 1

05
(1

5
±

1.
4)

∗ 1
05

(1
5

±
2.

7)
∗ 1

05

T
ra

ns
-i

so
hu

m
ul

on
e

T
IH

(1
5

±
1.

5)
∗ 1

05
(1

3
±

2.
6)

∗ 1
05

(1
2

±
4.

8)
∗ 1

05
(1

1
±

2.
6)

∗ 1
05

L
1

N
A

B
T

ra
ns

-i
so

co
hu

m
ul

on
e

T
IC

(1
9

±
2.

4)
∗ 1

05
(1

8
±

3.
6)

∗ 1
05

(1
6

±
1.

8)
∗ 1

05
(1

5
±

2.
7)

∗ 1
05

C
is

-i
so

hu
m

ul
on

e
C

IH
(4

0
±

3.
6)

∗ 1
05

(3
8

±
2.

9)
∗ 1

05
(3

7
±

2.
7)

∗ 1
05

(3
6

±
2.

6)
∗ 1

05

L
2

B
C

is
is

oc
oh

um
ul

on
e

C
IC

(9
.1

±
0.

4)
∗ 1

05
(7

.1
±

0.
3)

∗ 1
05

(5
.6

±
0.

3)
∗ 1

05
(5

.3
±

0.
3)

∗ 1
05

T
ra

ns
-i

so
co

hu
m

ul
on

e
T

IC
(7

.3
±

0.
3)

∗ 1
05

(5
.2

±
0.

3)
∗ 1

05
(3

.1
±

0.
3)

∗ 1
05

(3
.1

±
0.

3)
∗ 1

05

C
is

-i
so

hu
m

ul
on

e
C

IH
(2

2
±

2.
8)

∗ 1
05

(2
1

±
3.

2)
∗ 1

05
(1

8
±

1.
0)

∗ 1
05

(1
7

±
1.

8)
∗ 1

05

T
ra

ns
-i

so
hu

m
ul

on
e

T
IH

(1
8

±
2.

6)
∗ 1

05
(1

7
±

2.
3)

∗ 1
05

(1
4

±
2.

2)
∗ 1

05
(1

4
±

2.
8)

∗ 1
05

L
2

C
T

ra
ns

-i
so

co
hu

m
ul

on
e

T
IC

(1
5

±
2.

4)
∗ 1

05
(1

4
±

2.
6)

∗ 1
05

(1
3

±
1.

6)
∗ 1

05
(1

3
±

2.
4)

∗ 1
05

C
is

-i
so

hu
m

ul
on

e
C

IH
(1

7
±

1.
8)

∗ 1
05

(1
5

±
1.

7)
∗ 1

05
(1

4
±

1.
7)

∗ 1
05

(1
3

±
4.

3)
∗ 1

05

T
ra

ns
-i

so
hu

m
ul

on
e

T
IH

(9
.3

±
0.

1)
∗ 1

05
(8

.0
±

0.
9)

∗ 1
05

(7
.0

±
0.

6)
∗ 1

05
(6

.6
±

0.
5)

∗ 1
05

C
is

-t
et

ra
hy

dr
oi

so
co

hu
m

ul
on

e
C

T
C

(3
.9

±
0.

5)
∗ 1

05
(3

.7
±

0.
5)

∗ 1
05

(3
.6

±
0.

4)
∗ 1

05
(3

.4
±

0.
4)

∗ 1
05

L
3

C
L

C
is

-i
so

co
hu

m
ul

on
e

C
IC

(1
2

±
2.

6)
∗ 1

05
(1

1
±

2.
0)

∗ 1
05

(1
2

±
2.

6)
∗ 1

05
(1

2
±

2.
6)

∗ 1
05

T
ra

ns
-i

so
co

hu
m

ul
on

e
T

IC
(2

0
±

3.
0)

∗ 1
05

(1
9

±
2.

0)
∗ 1

05
(2

0
±

3.
0)

∗ 1
05

(2
0

±
3.

0)
∗ 1

05

C
is

-t
et

ra
hy

dr
oi

so
co

hu
m

ul
on

e
C

T
C

(7
.6

±
2.

2)
∗ 1

05
(7

.3
±

1.
8)

∗ 1
05

(7
.1

±
2.

0)
∗ 1

05
(6

.7
±

1.
9)

∗ 1
05

C
is

-t
et

ra
hy

dr
oi

so
hu

m
ul

on
e

C
T

H
(6

.6
±

2.
0)

∗ 1
05

(6
.3

±
1.

5)
∗ 1

05
(6

.1
±

1.
2)

∗ 1
05

(5
.8

±
1.

1)
∗ 1

05

L
4

W
L

C
is

-i
so

co
hu

m
ul

on
e

C
IC

(4
.2

±
0.

3)
∗ 1

05
(4

.0
±

0.
4)

∗ 1
05

(3
.5

±
0.

3)
∗ 1

05
(3

.4
±

0.
2)

∗ 1
05

T
ra

ns
-i

so
co

hu
m

ul
on

e
T

IC
(1

.8
±

0.
3)

∗ 1
05

(1
.5

±
0.

2)
∗ 1

05
(1

.1
±

0.
2)

∗ 1
05

(8
.8

±
0.

5)
∗ 1

05

C
is

-i
so

hu
m

ul
on

e
C

IH
(3

.9
±

0.
3)

∗ 1
04

(3
.6

±
0.

2)
∗ 1

04
(2

.8
±

0.
2)

∗ 1
04

(2
.6

±
0.

2)
∗ 1

04

T
ra

ns
-i

so
hu

m
ul

on
e

T
IH

(2
.4

±
0.

2)
∗ 1

04
(2

.1
±

0.
2)

∗ 1
04

(1
.6

±
0.

4)
∗ 1

04
(1

.3
±

0.
3)

∗ 1
04

C
is

-t
et

ra
hy

dr
oi

so
co

hu
m

ul
on

e
C

T
C

(1
.8

±
0.

2)
∗ 1

04
(1

.5
±

0.
2)

∗ 1
04

(1
.1

±
0.

2)
∗ 1

04
(0

.9
±

0.
1)

∗ 1
04

L
5

P
T

ra
ns

-i
so

co
hu

m
ul

on
e

T
IC

(4
1

±
2.

6)
∗ 1

05
(3

9
±

2.
9)

∗ 1
05

(3
4

±
3.

4)
∗ 1

05
(3

3
±

2.
3)

∗ 1
05

C
is

-i
so

hu
m

ul
on

e
C

IH
(5

5
±

3.
6)

∗ 1
05

(5
3

±
3.

0)
∗ 1

05
(5

0
±

3.
6)

∗ 1
05

(4
8

±
4.

1)
∗ 1

05

C
is

-t
et

ra
hy

dr
oi

so
co

hu
m

ul
on

e
C

T
C

(1
.3

±
0.

4)
∗ 1

05
(1

.0
±

0.
4)

∗ 1
05

(0
.9

±
0.

3)
∗ 1

05
(0

.8
±

0.
3)

∗ 1
05

1282



THERMAL DETERIORATION OF THE TRANS-/CIS-RATIO 1283

0

2

4

6

8

10

12

0 10 20 30 40 50

Temperature

L5P
L1NAB
L1NAC
L2B
L2C
L3CL
L4WL

A
re

a 
* 

10
−

6

Figure 3 Area variation of total iso-α-acids in analysed beers.

Table 2 Level of cis- and trans-isomers in beers after storage under specified conditions.

T = 4◦C T = 35◦C T = 40◦C T = 45◦C

L1 NAC Area cis- 2,361,619 2203632 2027267 2020067
Area trans- 2,073,949 1,898,312 1,674,077 1,621,989
T/C ∗ 100 87.88 86.14 82.58 80.29

L1 NAB Area cis- 4,025,167 3,836,192 3,685,670 3,585,789
Area trans- 1,931,456 1,804,020 1,584,905 1,487,982
T/C ∗ 100 47.98 47.02 43.00 41.50

L2 B Area cis- 3,142,617 2,772,152 2,352,152 2,267,696
Area trans- 2,535,734 2,170,253 1,760,253 1,669,718
T/C ∗ 100 80.67 78.29 74.83 73.63

L2 C Area cis- 3,149,821 2,896,662 2,716,725 2,606,725
Area trans- 926,714 804,567 696,536 659,830
T/C ∗ 100 29.42 27.77 25.64 25.31

L3 CL Area cis- 1,951,255 1,861,784 1,716,857 1,680,948
Area trans- 1,209,717 1,106,072 950,346 903,784
T/C ∗ 100 62.00 59.41 55.35 53.77

L4 WL Area cis- 457,764 434,793 382,216 366,459
Area trans- 201,523 172,746 122,430 101,805
T/C ∗ 100 44.02 39.73 32.03 27.78

L5 P Area cis- 5,521,419 5,259,281 4,984,302 4,826,184
Area trans- 4,105,548 3,823,245 3,409,281 3,264,986
T/C ∗ 100 74.36 72.69 68.40 67.65
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