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Analysis of Long-Chain Fatty Acids in Beer by HPLC-Fluorescence

Detection Method
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Long-chain fatty acids (C12-Cis) in beer were determined by the HPLC—fluorescence detection method
using 9-(chloromethyl)anthracene as a labeling reagent. The detection limits were 0.2 pg/L in beer.
Fatty acids of C14—Cs in beer were reduced 10-20% during incubation at 60 °C. The degradation of
unsaturated fatty acids (C18:1, C18:2) was accelerated by additions of Fe2+ and/or H202, while it was
inhibited by EDTA. It was thought, therefore, that the degradation of these unsaturated acids was
responsible for the free-radical reactions in beer. From a model experiment, it appeared that the
degradation of these acids would be inhibited by polyphenols in beer.

Free fatty acids in beer are important because some of
them have a high flavor potential. Linoleic and lino-
lenic acids are especially of great importance because their
oxidative degradation, by means of either enzymatic or
free-radical reactions, may lead to the formation of a char-
acteristic aging flavor (Dominguez and Canales, 1974;
Krauss et al., 1975; Tressl et al., 1979). The autoxida-
tion of these unsaturated fatty acids produces several
hydroperoxides (Esterbauer, 1982). These hydroperox-
ides are unstable and degrade into low molecular weight
compounds (aldehydes, ketones, and acids) that include
2-alkenals and 2,4-alkadienals. It has been theorized that
trans-2-nonenal is responsible for the cardboard “off-
flavor” (Meilgaard, 1972; Drost et al., 1971; Jamieson et
al., 1970). The threshold concentration is very low (0.11
rg/L). Wang and Siebert (1974a,b) showed that fresh
beer contains 0.02-0.06 ng/L of trans-2-nonenal and that
incubation at 38 °C causes the concentration to rise rap-
idly, passing the threshold level after 3-4 days, at which
point the beer begins to have a papery flavor. Linolenic
acid in beer degrades into other unsaturated aldehydes
that have off-flavor character (Dominguez et al., 1974).

Krauss et al. (1972) and Ziircher et al. (1971) showed
that long-chain fatty acids (C;2-C;g) have a relationship
with beer head retention. Yabuuchi et al. (1979) reported
that trihydroxyoctadecenoic acid produced from the oxi-
dation of linoleic acid reduced beer head retention. The
ratio of unsaturated (inhibitor) and saturated (promot-
er) acids is related to gushing problems (Sandra et al.,
1973). These are sufficient reasons to be interested in
the analysis of the long-chain fatty acids in beer.

Fatty acid concentration has been determined by gas
chromatographic analysis using a flame ionization detec-
tor (FID) (Klopper et al., 1975; Sandra and Verzele, 1975;
Tressl et al., 1975; Tripp et al., 1968). However, the results
obtained differed. Linoleic acid concentrations varied
between 10 and 600 pg/L in beer. It is thought that this
difference was caused not only by differences in beer types
but also by the difference in precision of the GC analy-
ses. FID can detect compounds other than fatty acids.
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Fatty acids are difficult to monitor directly at low con-
centrations by liquid chromatography; however, deriva-
tization of the acids with moieties that enhance either
ultraviolet absorption or fluorescence can greatly facili-
tate detectability (Nimura and Kinoshita, 1980; Lloyd,
1980; Lam and Grushka, 1978; Tsuchiya, 1982; Diinges,
1978). 9-Anthrylmethyl esters that formed from carbox-
ylic acids with 9-anthradiazomethane show both high
absorptivity and intense fluorescence and are readily sep-
arated on reversed-phase LC columns (Greeley, 1974).
Korte (1982) showed that 9-(chloromethyl)anthracene as
an alternative reagent for the preparation of 9-anthryl-
methyl esters of carboxylic acids was a useful reagent
for reversed-phase separations, and this analysis had a
high detection sensitivity. The detection limit using flu-
orescence detection is 2 fmol.
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il (CHa)NOH
+ HO—C—R ——m
9—{chloromethyl)anthracene

Il
CH,0—C—R

S-anthrylmethyl ester

In this paper, long-chain fatty acids (C12~Cis) in beer
were determined by HPLC using 9-(chloromethyl)an-
thracene as a fluorescence labeling reagent and the oxi-
dative degradation of fatty acids by free-radical reac-
tions was studied.

EXPERIMENTAL PROCEDURES

Beer. Bottled lager beer obtained before pasteurization and
without added L-ascorbic acid was used for the study of the
free-radical reactions. Beers for the determination study were
obtained commercially.

Reagents. 9-(Chloromethyl)anthracene (3-CA) and tetra-
methylammonium hydroxide (10% in methanol) (TMA) were
purchased from Tokyo Kasei Kogyo Co., Ltd. Hydrogen per-
oxide (31% w/v) was obtained from Mitsubishi Gas Co. (Tokyo)
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Figure 1. HPLC chromatogram of pure fatty acids. (1) Lau-
ric acid (C12:0); (2) linolenic acid (C18:3); (3) myristic acid (C14:0);
(4) palmitoleic acid (C16:1); (5) linoleic acid (C18:2); (6) pal-
mitic acid (C16:0); (7) oleic acid (C18:1); (8) n-heptadecanoic
acid (C17:0); (9) stearic acid (C18:0).

and stored at 4 °C. Acetonitrile 300, N,N-dimethylformamide
(Lu) (DMF), and ethylenediaminetetraacetic acid, disodium sait,
were obtained from Wako Pure Chemicals Industries Ltd.

Apparatus. The HPLC instrument was a JASCO 801-SC
(Japan Spectroscopic Co., Ltd.) equipped with a JASCO 850-AS
automatic sample injector, a JASCO 860-CO column thermo-
stating oven, a JASCO 820-FP spectrofluorometric detector, and
a Shimazu CR-3A integrator. The column was a Kaseisorb LC
0ODS-60-5S (4.6 x 250 mm, Tokyo Kasei Kogyo) that is packed
with silica gel decorated with Cys.

Model System. Linoleic acid (50 ppb) and oleic acid (50
ppb) in 0.1 M acetate buffer (pH 4.3) including 4.5% (v/v) eth-
anol were prepared, and 2.6 mM H20,-500 ppm FeSO, and/or
100 ppb catechin were added.

Treatment of Beer and Model Solution. Beer or the model
solution (240 mL) was transferred into a brown bottle (head-
space, 100 mL), and the bottle was sealed and incubated at 60
°C.

Sample Preparation. Beer or the model solution (200 mL)
acidified with 10 mL of 6 N HsSO, was transferred into a 1-L
separation funnel, 100 uL of internal standard solution (100
mg/L n-heptadecanoic acid in methanol), 200 mL of ether-
pentane solution (1:1), and 60 g of NaCl were then added, and
the mixture was shaken for 30 min. The mixture was then cen-
trifuged (5000 rpm, 5 min). The 150-mL ether-n-pentane (E-P)
phase was washed with 150 mL of 5% NaHCOj. The 140-mL
E-P phase was evaporated with a rotoevaporator. The residue
was dissolved in 1 mL of 6 mM TMA in DMF. The solution
and 1 mL of 7.5 mM 9-CA in DMF were transferred to a test
tube, and the test tube was sealed and then incubated at 75 °C
for 20 min. This sample was used for the high-performance
liquid chromatography (HPLC).

Chromatography. Chromatographic conditions used for the
analytical method were as follows: fluorescence detection, Aex
365 nm and A.m 412 nm; injection volume, 50 uL; flow rate, 1.1
mL/min; column temperature, 40 °C; chart speed, 2 mm/min;
eluting solution A, 90% acetonitrile; eluting solution B, 100%
acetonitrile. The eluting program followed this sequence: (1)
0-5 min, isocratic, 100% A; (2) 5.01-45 min, gradient, 0~-50%
B; (3) 45.01-65 min, isocratic, 50% A and 50% B; (4) 65.01-70
min, gradient, 50-100% B; (5) 70.01-85 min, isocratic 100% B;
(6) 85.01 min, isocratic, 100% A. Peak patterns of the pure
fatty acids (C;2-C1g) are shown in Figure 1.

RESULTS AND DISCUSSION

Determination of Fatty Acids in Beer. The gen-
eral procedure for the derivatization of carboxylic acids
with 9-CA was reported by Korte (1982). It was thought,
however, that this procedure might not be the optimum
reaction condition in beer, which has compounds other
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Figure 2. Effect of 9-CA concentration on peak height of fatty
acids in beer. Peak height is the sum of peak heights of C;o—
Cis in beer.
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Figure 3. Effect of TMA concentration on peak height of fatty

acids in beer. Peak height is the sum of peak heights of C;o—
Cis in beer.
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Figure 4. Effect of reaction time on peak height of fatty acids
in beer. Peak height is the sum of peak heights of C,2-C;3g in
beer.

than fatty acids. The reaction conditions with beer sam-
ples for various concentrations of 9-CA and TMA and
reaction times were therefore studied by comparison of
the total peak height of the C,2~C,s fatty acids (see Fig-
ures 2-4). From the results, the following conditions for
the derivatization of 9-anthrylmethyl esters and prepa-
ration of the HPL.C samples were chosen; a sample was
incubated with 7.5 mM CA and 6 mM TMA at 75 °C for
20 min. The peak pattern of the fatty acids (Cy2—Cyg) in
beer is shown in Figure 5. N-Caprylic (C8:0), pelargonic
(C9:0), n-capric (C10:0), and 9-decenoic acid (10:1) can
be determined by this analysis, although the data are
not shown. The calibration graphs prepared by the stan-
dard addition method using n-heptadecanoic acid (C17:0)
as an internal standard were linear over the range 0-50
ug/L added fatty acids (Figure 6). The detection and
determination limits of fatty acids in beer were 0.2 and
0.4 ug/L, respectively. This method has higher sensitiv-
ity than that for the typical GC method (10 ug/L).
Analytical results for 10 commercial beers are summa-
rized in Table I. The concentrations of the long-chain
fatty acids were very different in the various beers, and
the differences were especially notable for lauric acid
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Figure 5. HPLC chromatogram of fatty acids in beer. (1) Lau-
ric acid (C12:0); (2) linolenic acid (C18:3); (3) myristic acid (C14:0);
(4) palmitoleic acid (C16:1); (5) linoleic acid (C18:2); (8) pal-
mitic acid (C16:0); (7) oleic acid (C18:1); (8) n-heptadecanoic
acid (C17:0); (9) stearic acid (C18:0).
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Figure 6. Determination of fatty acids in beer by the stan-
dard addition method. (A) Saturated fatty acids; (B) unsatur-
ated fatty acids. (O) Lauric acid (C12:0) or palmitoleic acid
(C16:1); (@) myristic acid (C14:0) or oleic acid (C18:1); (a) pal-
mitic acid (C16:0) or linoleic acid {C18:2); (®) stearic acid (C18:0)
or linolenic acid (C18:3). The relative peak height was calcu-
lated with respect to the peak height of the internal standard
(C17:0). Each data point is the average of three replicates, and
the vertical line represents standard deviation.

(C12:0) and stearic acid (C18:0). The concentrations of
unsaturated fatty acids in all types of beer were low. The
total unsaturated fatty acids were only from 2 to 20 ug/L.
From the experiments, it was made clear that the HPLC
fluorescence method is useful for the analysis of long-
chain fatty acids.

Free-Radical Reactions of Fatty Acids. In previ-
ous papers (Kaneda et al., 1988a,b), we detected free rad-
icals that are generated during the incubation of beer
and concluded that these radicals are produced by the
reactions of hydrogen peroxide generated during beer oxi-
dation and small amounts of metals. The free radicals
attack several beer components as well as isohumulones,
which are the main bitter substances in beer, and pro-
duce many kinds of aldehydes and ketones.

In this study, vials with a headspace greater than that
of actual commercial beers was used. In Table II, lauric
acid (C12:0) increased during the incubation of beer at
60 °C. Other saturated fatty acids (C14—Cis) decreased
about 10-20% in 5 days. Oleic and linoleic acids in beer
decreased about 15% during the storage at 60 °C for 5
days. When a sensory test was carried out, a very strong
stale flavor was observed in the treated beer. However,
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the oxidative degradation of these unsaturated fatty acids
seems to be at a lower level in actual commercial beers,
because they have much less oxygen and are stored at
lower temperatures.

The decrease in unsaturated fatty acids (C18:1, C18:2)
was accelerated by the addition of Fe2* or H202 and more
so by the combination of them. It was inhibited by the
addition of EDTA. Saturated fatty acids (C12—C1g) were
not significantly affected by the addition of Fe2*, Hz0,,
or EDTA. The concentrations of palmitoleic acid (C16:1)
and linolenic acid (C18:3) were only at trace levels in fresh
beer and could not be compared. It seems, therefore,
that unsaturated fatty acids are degraded by free-radi-
cal reactions in beer. This degradation could produce
the aldehydes, ketones, and acids that cause the charac-
teristic aging flavors. However, the level of degradation
was not great. It was thought that beer might have a
system which protects against the oxidative degradation
of unsaturated fatty acids.

Model System Experiment. Linoleic and oleic acid
concentrations decreased 20-25% after incubation at 60
°C for 5 days in the model system (Figure 7). The decrease
in these unsaturated fatty acids was greatly accelerated,
and these acids were over 90% degraded, when Fe2* and
H.0; were added. These results show that these fatty
acids can be degraded by free-radical reactions in a medium
of 4.5% ethanol and pH 4.3. Many kinds of lower molec-
ular weight fatty acids were produced in this oxidation
system (data not shown).

The degradation of linoleic and oleic acids was signif-
icantly inhibited by the addition of 100 mg/L catechin.
It was thought that catechin would act as a radical scav-
enger and protect unsaturated fatty acids from oxida-
tive degradation. It is well-known that beer has hun-
dreds of milligrams per liter of polyphenols other than
catechin (McMurrough and Henningan, 1984; Ohtsu and
Hashimoto, 1982). It was therefore expected that the
oxidative degradation of unsaturated fatty acids in pack-
aged beer could be inhibited by polyphenols.

It is well-known that polyphenols in beer interact with
proteins and cause a haze during the storage of beer (Asano
et al., 1982; Gramshaw, 1970). The role of polyphenols
in beer flavor stability has not, however, been fully elu-
cidated. Harris and Ricketts (1959a,b) and McFarlane
et al. (1963a,b) showed that the use of polyamide resins
such as Polyclar AT or Nylon 66 may impart to beer an
enhanced flavor stability. These authors explained that
this was due to the removal of the oxidation products of
anthocyanogens and catechins, which affect beer flavor
and color. Recently, a number of researchers (Baxter et
al., 1987; Delcour et al., 1984; 1985a,b; Erdal, 1986) have
tried brewing using anthocyanogen-free malts to reduce
the level of polyphenols in beer and to increase colloidal
stability. However, enhanced flavor stability could not
be shown.

There are other antioxidants in beer, as well as Mail-
lard reaction products (Moll et al., 1986) and sulfur com-
pounds. Not only polyphenols but also these antioxi-
dants in beer are thought to play the most important
role during beer aging.

CONCLUSIONS

Free-radical reactions in beer are responsible for the
degradation of unsaturated fatty acids. However, the level
of degradation products of unsaturated fatty acids is very
low, because packaged beer contains the low levels of unsat-
urated fatty acids and oxygen and antioxidants in beer,
as well as polyphenols, that can inhibit these radical reac-
tions. Moreover, the oxidation of unsaturated fatty acids
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Table I. Long-Chain Fatty Acids in Several Types of Beers
saturated fatty acid,” ug/L unsaturated fatty acid,® ug/L
beer C12:0 C14:0 C16:0 C18:0 Cl6:1 C18:1 C18:2 C18:3
Japanese lager
brand A 55+0.8 150+ 24 30.7 £ 5.7 20.7 £ 3.3 1.0£0.3 5.2+ 0.8 3.2+0.8 0.8+0.3
brand B 9.1£1.2 154+24 37.8 £ 5.0 29.6 + 3.5 1.1+ 0.3 0.9+03 1.8+ 0.5 0.6+ 0.3
brand C 72+£1.0 173+ 2.0 40.3 £ 6.1 37.5+ 4.5 1.0£0.3 3.4x0.8 14+ 0.5 trd
brand D 5.3+0.8 13.1£ 2.3 358+ 7.0 181+ 25 tré trb 1.6£0.3 0.7+ 0.3
Japanese all malt 18.2£ 3.0 169+ 2.1 50.7 £ 9.9 28.9+ 3.0 20x04 0.7+ 0.3 52+£09 25%0.8
Japanese Pilsner 8.2£2.0 80+1.8 25.3+ 5.5 219+ 3.0 1.7+ 0.4 100+ 1.5 5406 1.7+ 0.8
American light
brand A 478 +£6.8 10,0+ 1.7 29.6 + 5.3 94+£1.0 1.2+£0.3 42+ 0.6 2.5+ 0.3 0.8+0.3
brand B 66.9+9.9 130+ 1.8 274 +49 179+ 2.0 0.9+ 0.3 11.2+ 1.0 7.1+09 3.0+ 0.7
European
brand A 470+ 7.1 8.0+ 1.2 152+1.2 1.1+0.3 1.9£05 3.7x£0.7 2.9+ 0.3 1.6+ 04
brand B 144£12 8.0+1.8 116+ 2.0 1.0+ 0.5 1.0+ 0.8 3410 2.2+ 0.5 1.2+ 0.3
s The data represent the means of three determinations. ® tr, trace.
Table 1I. Effect of Free Radicals on Long-Chain Fatty Acids in Beer
saturated fatty acid unsaturated fatty acid
incubation?®
time (days) treatment (additions) C12:0 C14:0 C16:0 C18:0 Cis:1 C18:2
0 no additions 100 100 100 100 100 100
2 no additions 117+ 10 737 90 x 10 84 15 90 x5 88+7
2 5 mM EDTA 118+ 8 84+ 10 102+ 10 98 15 1005 102+ 7
2 2.6 mM H,0, 113+ 11 78+ 15 937 857 79+ 10 86+ 6
2 500 ug/L FeSO, 132 % 23 88 % 17 90 £ 15 848 89 4 90+5
2 2.6 mM H;0, + 500 ug/L FeSO, 128+ 18 87 + 20 1007 93+ 11 72+ 10 75 £ 10
5 no additions 128+ 8 68+ 10 78 £ 10 87 x4 85+ 6 845
5 5 mM EDTA 132+ 15 68 + 7 895 92 % 10 1007 99+ 7
5 2.6 mM H,0, 134 + 20 70 £ 10 83+4 84+8 73+ 6 TT+4
5 500 ug/L FeSO4 138+ 21 71+15 80 £ 10 80+8 5+7 78+ 6
5 2.6 mM H;0; + 500 ug/L FeSO, 140+ 15 62 + 20 79+9 9+7 65 %8 70+£3

o Beer was incubated at 60 °C. ® Each fatty acid concentration was calculated with respect to that of beer with an incubation time of 0
days, no additions. The data represent the means of three determinations.
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Figure 7. Effect of catechin on free-radical reactions of unsat-
urated fatty acids. (A) Linoleic acid; (B) oleic acid. (©) Con-
trol (no additions); (@) addition of 2.6 mM Hy0. and 500 ug/L
Fe2+; (a) addition of 100 mg/L catechin; (a) addition of 2.6
mM H;0;, 500 ug/L Fe2*, and 100 mg/L catechin. Each data
point is the average of three replicates, and the vertical line
represents standard deviation.

does not produce only unsaturated aldehydes such as 2-alk-
enals and 2,4-alkadienals (Esterbauer, 1982). Alkenals
are main products. In this model study, it was con-
firmed that many kinds of fatty acids were produced from
oleic and linoleic acids. It was therefore concluded that
the degradation of unsaturated fatty acids could not sig-
nificantly contribute to the formation of the off-flavor
in packaged beer.
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