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The phenolic profiles and corresponding antioxidant activities of 34 commercial beers in Chinese markets
were evaluated. Results found remarkable variations in total and individual phenolic contents as well as
antioxidant activity across beer brands. Gallic and ferulic acids were the dominant phenolic compounds
identified in the tested beer samples and both of them accounted for >50% of the total phenolic com-
pounds. Results from Pearson correlation analysis suggested that five antioxidant activity assays posi-
tively correlated well (p < 0.01) with each other and showed significant positive correlations (p < 0.05)
with (+)-catechin, protocatechuic, and caffeic acids contents. Stepwise linear regression further demon-
strated that different phenolic components responsible for beer antioxidant activity were dependent on
the method used, and that ferulic acid, syringic acid, (+)-catechin, caffeic acid, protocatechuic acid and
(�)-epicatechin together made 55.0–88.1% of contribution to the antioxidant activity of beer.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Flavour stability, one of the important characteristics in beer, is
challenging brewers, and is one of the most important factors in
determining the shelf-life of packaged beer. It has been widely ac-
cepted that the main factor responsible for beer flavour instability
is oxidation during brewing, although there is no agreement on the
main precursor of staling substances (Narziss, Miedaner, Graf,
Eichhorn, & Lustig, 1993). As a consequence, a number of efforts
have been made to avoid oxygen pick-up during brewing and pack-
aging (Narziss et al., 1993). The level of total packaged oxygen
might be as low as 0.1 mg/l with modern filling equipment, but
oxidative staling of beer remains difficult to control (Bamforth,
2000). Researchers are seeking alternative ways to solve this prob-
lem by increasing the endogenous antioxidant activity of beer it-
self. Although both natural and synthetic antioxidants such as
flavonoids, sulfites and ascorbate could be used in the brewing
industry to improve beer flavour stability, there has been a trend
towards minimising the use of additives in brewing because of
consumer demand and stiffening regulations.

There are many endogenous antioxidants such as phenolic com-
pounds, Maillard reaction products, and sulfite present in beer
(Vanderhaegen, Neven, Verachtert, & Derdelinckx, 2006). Among
these antioxidants, phenolic compounds are of particular interest
to brewers because they play a key role in the brewing process
by delaying, retarding, or preventing oxidation processes (Guido,
Boivin, Benismail, Gonçalves, & Barros, 2005). Phenolic compounds
ll rights reserved.

: +86 20 87113914.
identified in beer include phenolic acids, flavonoids, proanthocy-
anidins, tannins, and amino phenolic compounds (Gorinstein,
Caspi, Zemser, & Trakhtenberg, 2000; Montanari, Perretti, Natella,
Guidi, & Fantozzi, 1999), all of which have been reported to possess
antioxidant and antiradical properties as well as other biological
effects (Brand-Williams, Cuvelier, & Berset, 1995; Gaulejac, Provost,
& Vivas, 1998). Our previous study demonstrated that phenolic
profiles and antioxidant activity in barley varied considerably
across varieties and changed significantly during malting (Lu et al.,
2007; Zhao et al., 2008). Thus, the differences of raw materials
and brewing process would lead to significant differences in
phenolic profiles and antioxidant activities of beer. Moreover, there
is controversy concerning the relevance of phenolic compounds
and antioxidant activity of beer (Vanderhaegen et al., 2006). There-
fore, investigating the phenolic profiles and antioxidant activities
of commercial beers, clarifying the relationships between them
and quantifying the contribution of phenolic compounds to beer
antioxidant activity would be helpful to better understand the beer
flavour stability.

There have been several studies on the antioxidant activity and
phenolic content of beer (Lugasi, 2003; Lugasi & Hóvári, 2003;
Montanari et al., 1999). However, these researches focused on
the relationship between antioxidant activity and total phenolic
contents, limited data are available on phenolic profiles and their
contribution to antioxidant activity for commercial beers (Kaneda,
Kobayashi, Furusho, Sahara, & Koshino, 1995). Moreover, it is diffi-
cult to compare data within the literature due to the lack of agree-
ment on the appropriate method for analysing phenolic
compounds and antioxidant activity evaluation. As a consequence,
information in the literature on the levels and species of phenolic
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compounds is not enough and also contradictory. Beer is a complex
mixture of natural compounds, activities and mechanisms of anti-
oxidants present in beer would largely depend on the composition
and conditions of the test system. Different antioxidant activity
evaluation methods based on different reaction mechanisms might
give various evaluation results (Frankel & Meyer, 2000; Gaulejac
et al., 1998). To the best of our knowledge, there were no detailed
investigations in terms of phenolic profiles and antioxidant activi-
ties of commercial beers. The correlations among different antiox-
idant activity evaluation methods and total and individual
phenolic contents of beers have not been fully elucidated as well.
Furthermore, the contribution of phenolic compounds, especially
individual phenolic compounds to beer antioxidant activity mea-
sured by different methods has not been quantified successfully
due to the complexity of phenolic compounds in beer, which was
of extreme importance for practical beer production.

Therefore, the first objective of this study was to investigate and
compare phenolic profiles and antioxidant activities of commercial
beers. The second objective was to analyse the correlations among
individual and total phenolic contents, and beer antioxidant activ-
ity evaluation indices. The last objective was to quantify the contri-
bution of individual phenolic compounds to beer antioxidant
activity.
2. Materials and methods

2.1. Beer samples

Three bottles of 34 beer samples including 27 domestic and 7
imported beers were purchased from local markets (Guangzhou,
Guangdong province). The detailed characteristics of these beers
Table 1
Characteristics of 34 commercial beers.

No. Brand Type Original gravity (�P) Alc

1 Peng Cheng Lager 8.0 3.1
2 Tian Mu Hu Lager 8.8 3.6
3 Jin Ling Lager 10.0 3.3
4 Siwo Lager 8.0 3.1
5 Snow Lager 9.0 3.6
6 Tai Hu Shui Lager 9.5 3.6
7 Cheerday Lager 8.0 2.8
8 BBOSS Lager 9.0 3.6
9 Yan Jing Lager 8.0 3.1
10 Tiger Lager 11.8 4.7
11 Tsing Tao Lager 10.0 4.0
12 Budweiser Lager 10.5 4.3
13 Blue Lion Lager 11.0 4.0
14 Asahi Lager 11.2 4.3
15 Harbin Lager 10.0 3.6
16 Suntory Lager 10.0 3.6
17 King Benefit Lager 11.0 3.7
18 Heineken Lager 11.4 4.7
19 Sanmiguel Lager 11.0 4.8
20 Reeb Lager 10.0 4.0
21 Pearl River Lager 8.0 3.1
22 Beck’s Lager 10.1 4.1
23 Blue Ribbon Lager 10.0 3.6
24 Carlsberg Lager 11.1 4.3
25 Coors Light Lager 8.1 3.9
26 Sedrin Lager 11.0 4.0
27 Huang He Lager 10.0 3.6
28 Blue Girl Lager 11.5 5.0
29 Grolsch Lager 11.5 5.0
30 Corona Lager 11.0 4.6
31 Duvel Lager 16.9 8.5
32 Leffe Lager 12.0 6.6
33 Samuel Lager 13.1 4.9
34 Bitburger Lager 11.3 4.8
were presented in Table 1. All samples were stored in a refrigerator
at 4 �C and analysed within 48 h.

2.2. Chemicals

1,1-Diphenyl-2-picrylhydrazyl (DPPH) and 6-hydroxy- 2,5,7,8-
tetramethylchroman carboxylic acid (Trolox) were purchased from
Sigma-Aldrich (Steinheim, Germany). Xanthine oxidase (XOD),
vanillic acid, (+)-catechin, (�)-epicatechin, protocatechuic acid,
syringic acid, p-coumaric acid, trans-ferulic acid, gallic acid, caffeic
acid, and Folin–Ciocalteu’s phenol reagent were obtained from Sig-
ma–Aldrich (St. Louis, MO). 2,20-Azinobis (3-ethylbenzothiazoline-
6-sulfonic acid) diammonium salt (ABTS) was obtained from Wako
(Osaka, Japan). 3-(2-Pyridyl)-5,6-diphenyl-1,2,4-triazine-40,400-
disulfonic acid monosodium salt (ferrozine) and nitrotetrazolium
blue chloride (NBT) were purchased from Fluka (Buchs, Switzer-
land). All other chemicals and solvents were of the highest com-
mercial grade and obtained from Sinopharm Chemical Reagent
Co. Ltd. (Shanghai, China).

2.3. Total phenolic content (TPC) determination

The TPC of beer was determined according to the Folin–Ciocalteu
spectrophotometric method (Singleton & Rossi, 1965) with some
modifications. Briefly, 0.5 ml of diluted beer sample was mixed
with 2.5 ml of 10-fold diluted Folin–Ciocalteu’s phenol reagent
and allowed to react for 5 min. Then, 2 ml of 7.5% Na2CO3 solution
was added, and the final volume was made up to 10 ml with deion-
ised water. After 1 h of reaction at room temperature, the absor-
bance at 760 nm was determined. The measurement was
compared to a calibration line of prepared gallic acid (GA) solution,
ohol content (%, v/v) Raw materials Country of origin

Malt, rice, hop China
Malt, hop China
Malt, rice, hop China
Malt, rice, starch, hop China
Malt, rice, syrup, hop China
Malt, rice, syrup, hop China
Malt, rice, hop China
Malt, rice, hop China
Malt, rice, hop China
Malt, rice, hop China
Malt, rice, hop China
Malt, rice, hop China
Malt, rice, hop China
Malt, rice, corn, hop China
Malt, rice, hop China
Malt, rice, hop China
Malt, rice, hop China
Malt, hop China
Malt, rice, hop China
Malt, rice, hop China
Malt, rice, hop China
Malt, hop China
Malt, rice, hop China
Malt, hop China
Malt, hop China
Malt, rice, hop China
Malt, rice, hop China
Malt, millet, hop South Korea
Malt, hop Holland
Malt, hop Mexico
Malt, hop Belgium
Malt, hop Belgium
Malt, hop USA
Malt, hop Germany
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and the results were expressed as milligrams of gallic acid equiva-
lents (GAE) per liter of beer (mg GAE/l).

2.4. Pretreatment of beer samples and extraction of phenolic
compounds

For each beer sample, beers of three bottles were combined,
homogenised and degassed with intensive stirring for 30 min at
room temperature under protection of nitrogen gas prior to analy-
sis. For HPLC analysis, 20 g of NaCl was added in 50 ml of the de-
gassed beer sample. The resulting sample was extracted three
times by shaking vigorously with ethyl acetate (3 � 50 ml), phase
separation being assisted where necessary by centrifugation
(10,000g for 10 min). The pooled ethyl acetate extracts were then
evaporated to dryness under reduced pressure at 35 �C. Each resi-
due was redissolved in 2 ml of methanol (HPLC grade) and then fil-
tered through a 0.45 lm membrane (Sartorius, Goettingen,
Germany). The filtrates were analysed by HPLC.

2.5. Determination of individual phenolic compounds in beer

HPLC analyses were performed using a Waters 1525 pump
(Waters, Milford, MA) equipped with a Waters 717 plus autosam-
pler coupled with a Waters 2478 dual k absorbance detector at 280
and 254 nm according to an established protocol (Zhao et al.,
2006). Separation was performed with a Symmetry C18 (5 lm,
3.9 mm � 150 mm) column (Waters, Milford, MA) at room temper-
ature. Elution was carried out by using a gradient procedure with a
mobile phase containing solvent A (0.1% acetic acid in water) and
solvent B (0.1% acetic acid in methanol) as follows: 0 min, 5% B;
15 min, 20% B; 35 min, 40% B; 42 min, 65% B; 50 min, 80% B;
52 min, 5% B; 60 min, 5% B. Runtime was 60 min, the solvent flow
rate was 0.8 ml/min, and the injection volume was 10 ll. Phenolic
compounds were identified by comparison of their retention times
and spectral parameters with those of standards. The concentra-
tions of individual phenolic compounds in beer were calculated
using calibration lines. Results were expressed as milligrams per li-
ter of beer (mg/l).

2.6. DPPH radical scavenging activity

DPPH radical scavenging activity of beer was determined
according to the method of Brand-Williams et al. (1995) with min-
or changes. Every diluted beer sample (0.1 ml) was added to 2.9 ml
of 6 � 10�5 mol/l DPPH solution (dissolved in 50% methanol solu-
tion). The absorbance at 517 nm was measured after the solution
had been allowed to stand in the dark for 60 min. The Trolox cali-
bration curve was plotted as a function of the percentage of DPPH
radical scavenging activity. The final results were expressed as mil-
limoles of Trolox equivalents (TE) per liter of beer (mmol TE/l).

2.7. ABTS radical cation scavenging activity

The radical scavenging activity of beer against the ABTS radical
cation was measured using the method of Re et al. (1999) with
some modifications. ABTS was dissolved in water to a concentra-
tion of 7 mmol/l. The ABTS radical cation was produced by reacting
ABTS stock solution with 2.45 mmol/l potassium persulfate (final
concentration) and allowing the mixture to stand in a dark at room
temperature for 12–16 h before use. The ABTS radical cation solu-
tion was diluted with ethanol to an absorbance of 0.70 (±0.02) at
734 nm and equilibrated at 30 �C. An aliquot of each diluted beer
sample (0.1 ml) was mixed with 2.9 ml of diluted ABTS radical cat-
ion solution. After reaction at 30 �C for 20 min, the absorbance at
734 nm was measured. The Trolox calibration curve was plotted
as a function of the percentage of ABTS radical cation scavenging
activity. The final results were expressed as millimoles of Trolox
equivalents (TE) per liter of beer (mmol TE/l).

2.8. Superoxide anion radical scavenging activity

Superoxide anion radical scavenging activity of beer was per-
formed using a HPX (hypoxanthine)/XOD system following a pro-
cedure described by Takao, Kitatani, Watanabe, Yagi, and Sakata
(1994) with some modifications. Briefly, NBT, EDTA, XOD and
HPX were prepared with 0.05 mol/l phosphate buffer (pH 7.4),
respectively. Each beer sample (0.1 ml) was added to the reaction
solution containing 0.1 ml of 30 mmol/l EDTA, 0.1 ml of 3 mmol/l
HPX, and 0.2 ml of 1.42 mmol/l NBT. After the solution had been
preincubated at room temperature for 3 min, 0.1 ml of 0.75 U/ml
XOD was added to the mixture, and the volume was brought up
to 3 ml with 0.05 mol/l phosphate buffer (pH 7.4). Then, the solu-
tion was incubated at room temperature for 40 min, and the absor-
bance was measured at 560 nm. The superoxide anion radical
scavenging activity was calculated by using the formula given
below:

Superoxide anion radical scavenging activity ð%Þ
¼ ½1� ðS� SBÞ=ðC � CBÞ� � 100

where S, SB, C and CB are the absorbances of the sample, the blank
sample, the control, and the blank control, respectively.

2.9. Reducing power

The determination was carried out as described by Zhao et al.
(2006). Briefly, 1 ml of diluted beer sample was mixed with phos-
phate buffer (2.5 ml, 0.2 mol/l, pH 6.6) and K3Fe(CN)6 (2.5 ml, 1%).
The mixture was incubated at 50 �C for 20 min. A portion (2.5 ml)
of trichloroacetic acid (10%) was added to the mixture, which was
then centrifuged at 10,000g for 10 min. The upper layer of solution
(2.5 ml) was mixed with deionised water (2.5 ml) and FeCl3

(0.5 ml, 0.1%), and the absorbance was measured at 700 nm. The
measurement was compared to a calibration line of prepared
ascorbic acid (AA) solution, and the final results were expressed
as millimoles of ascorbic acid equivalents (AAE) per liter of beer
(mmol AAE/l).

2.10. Metal chelating activity

The chelating activity of the beer for ferrous ions was measured
following the ferrozine method with minor modifications (Dinis,
Madeira, & Almeidam, 1994). The reaction mixture contained
0.5 ml of beer and 0.05 ml of FeCl2 (2 mmol/l). After 5 min, the
reaction was initiated by the addition of 5 mmol/l ferrozine
(0.1 ml), and the total volume was adjusted to 3 ml with deionised
water. Then, the mixture was shaken vigorously and incubated at
room temperature for 10 min. Absorbance of the solution was
measured at 562 nm. The EDTA calibration curve was plotted as
a function of the percentage of metal chelating activity. The final
results were expressed as micromoles of EDTA equivalents (EDTAE)
per liter of beer (lmol EDTAE/l).

2.11. Statistical analysis

All of experiments were carried out in triplicate. Data were re-
ported as means ± standard deviation (SD) for triplicate determina-
tions. Analysis of variance and significant difference tests were
conducted to identify differences among means by one-way ANO-
VA using SPSS software (version 13.0 for Windows, SPSS Inc.,
Chicago, IL). Moreover, correlation coefficients were calculated
using Pearson product moment correlation. Stepwise regression
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was used to evaluate how much variability could be explained by
each independent variable (phenolic compounds) for the depen-
dent variable (antioxidant activity) by Statistical Analysis System
(version 9.1, SAS Institute, Cary, NC).

3. Results and discussion

3.1. Total phenolic content

Phenolic compounds play critical roles both in flavour stability
and colloidal stability of beer. Phenolic compounds are also gener-
ally considered as one of very important antioxidant sources in
beer (Vanderhaegen et al., 2006). Therefore, TPC of 34 beer samples
studied were examined by the Folin–Ciocalteu assay and the re-
sults are presented in Fig. 1. Thirty-four beer samples investigated
exhibited considerable differences in their TPC values, varying
from 152.01 mg GAE/l for Reeb beer to 339.12 mg GAE/l for Carls-
berg beer. Grolsch, Heineken and Bitburger beers also had rela-
tively higher TPC (>290 mg GAE/l). The results were lower than
the data from Lugasi (2003) but higher than those from Shahidi
and Naczk (1995) (270–600 mg/l and 60–100 mg/l, respectively).
This might be due to the differences between beer samples and
TPC evaluation methods used in these studies. Moreover, it is
important to mention that the Folin–Ciocalteu method, although
widely used for beverages or plant extracts, is not specific for phe-
nolic compounds and does suffer interference from other com-
pounds (Dávalos, Gómez-Cordovés, & Bartolomé, 2003). Thus the
results from Folin–Ciocalteu method for beer TPC evaluation might
not only reflect the levels of phenolic compounds, but also the con-
tents of Maillard reaction products, sulfite or other substance with
reducing activity. Therefore, separation and identification of indi-
vidual phenolic compounds are of importance to reveal the real
differences in phenolic profiles present in beers.

3.2. Individual phenolic compounds

To remedy the limitation of Folin–Ciocalteu method for pheno-
lic content determination, nine phenolic compounds including gal-
lic acid, protocatechuic acid, (+)-catechin, vanillic acid, caffeic acid,
syringic acid, (�)-epicatechin, p-coumaric acid and ferulic acid
were identified among different beer samples and the results are
summarised in Table 2. All these phenolic compounds mentioned
above with different concentrations in diverse beer samples were
confirmed in previous studies (Gorinstein et al., 2000; Montanari
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Fig. 1. Total phenolic contents (mg GAE/l) of 34 commercial beers. Verti
et al., 1999). Table 2 shows that gallic and ferulic acids are the most
phenolic constitutes identified in beer and representing >50% of
the total content of individual phenolic compounds present in all
beer samples. Moreover, the tested beers in the current study
exhibited relatively high levels of (+)-catechin, vanillic and p-cou-
maric acids, while the values were much lower for (�)-epicatechin
and syringic acid. Considerable variations were found in phenolic
profiles among different beer samples. In all beer samples tested,
the levels of gallic acid, protocatechuic acid, (+)-catechin, vanillic
acid, caffeic acid, syringic acid, (�)-epicatechin, p-coumaric acid
and ferulic acid were in the ranges of 1.81–10.39 mg/l, 0.02–
1.30 mg/l, 0.03–4.00 mg/l, 0.22–2.98 mg/l, 0.08–1.22 mg/l, 0.06–
0.99 mg/l, 0.02–0.73 mg/l, 0.01–1.12 mg/l and 0.51–3.13 mg/l,
respectively. The results agreed with the reports of Gorinstein
et al. (2000). Blue Lion, Duvel, Harbin, Jin Ling and Blue girl beers
exhibited the highest levels of gallic acid, (+)-catechin, vanillic acid,
p-coumaric acid and ferulic acid, respectively. While the highest
levels of protocatechuic acid and caffeic acid, syringic acid and
(�)-epicatechin were found in Samuel and Leffe beers, respec-
tively. It should be noted that some individual phenolic com-
pounds in certain beers were not detected due to their low
contents. The sum of individual phenolic contents (SPC) in differ-
ent beer samples varied considerably, ranging from 4.47 mg/l
(Reeb beer) to 15.50 mg/l (Blue Lion beer). The great variations in
phenolic profiles for different beers might be due to the differences
in raw materials, brewing process and original gravity. Moreover,
significant differences in total phenolic content determined by Fo-
lin–Ciocalteu and HPLC methods were found in the present study,
which also verified the non-specific of Folin–Ciocalteu method.
Therefore, the measurement of phenolic profiles by HPLC method
could give more information about their chemical characteristics
and antioxidant activities.

3.3. DPPH radical scavenging activity

The DPPH radical scavenging activities of 34 beer samples are
shown in Table 3. All beer samples selected exhibited strong DPPH
radical scavenging activities at the test concentration. The values of
DPPH radical scavenging activities ranged from 0.24 to
1.35 mmol TE/l. Samuel beer showed the highest DPPH radical
scavenging activity, whereas Peng Cheng beer had the lowest
activity. The results were in agreement with the report by Lugasi
(2003) that beers exhibited significant hydrogen-donating ability.
All results discussed above suggest that raw material and brewing
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cal bars represent the standard deviation of each data point (n = 3).



Table 2
Individual phenolic contents in 34 commercial beers.a

No. Brand Gallic acid Protocatechuic
acid

(+)-
Catechin

Vanillic
acid

Caffeic
acid

Syringic
acid

(�)-
epicatechin

p-Coumaic
acid

Ferulic
acid

SPC

1 Peng
Cheng

3.64 ± 0.05 0.20 ± 0.01 0.43 ± 0.06 1.89 ± 0.10 0.27 ± 0.03 0.07 ± 0.02 0.28 ± 0.03 0.50 ± 0.05 1.32 ± 0.07 8.60

2 Tian Mu
Hu

3.59 ± 0.07 0.19 ± 0.02 1.17 ± 0.08 0.68 ± 0.03 0.31 ± 0.02 0.07 ± 0.02 0.08 ± 0.02 0.72 ± 0.02 1.85 ± 0.05 8.66

3 Jin Ling 6.35 ± 0.10 0.02 ± 0.02 0.57 ± 0.03 0.44 ± 0.05 0.24 ± 0.03 0.08 ± 0.02 0.03 ± 0.01 1.12 ± 0.05 1.60 ± 0.05 10.45
4 Siwo 8.63 ± 0.15 0.04 ± 0.01 1.56 ± 0.09 0.35 ± 0.05 0.22 ± 0.04 0.06 ± 0.01 0.41 ± ± 0.01 0.56 ± 0.06 1.35 ± 0.06 13.18
5 Snow 4.93 ± 0.03 0.19 ± 0.05 1.44 ± 0.10 0.35 ± 0.06 0.20 ± 0.02 0.12 ± 0.03 0.34 ± 0.02 0.88 ± 0.04 1.83 ± 0.04 10.28
6 Tai Hu Shui 3.65 ± 0.05 0.16 ± 0.02 1.62 ± 0.03 0.53 ± 0.07 0.19 ± 0.01 0.15 ± 0.02 0.29 ± 0.03 0.88 ± 0.02 2.55 ± 0.06 10.02
7 Cheerday 5.74 ± 0.08 0.03 ± 0.01 1.27 ± 0.06 0.48 ± 0.07 0.28 ± 0.02 0.10 ± 0.04 0.38 ± 0.01 0.58 ± 0.03 1.98 ± 0.04 10.84
8 BBOSS 5.14 ± 0.04 0.27 ± 0.02 1.47 ± 0.04 0.43 ± 0.03 0.19 ± 0.03 0.10 ± 0.01 0.36 ± 0.01 0.77 ± 0.03 1.18 ± 0.04 9.91
9 Yan Jing 3.74 ± 0.07 0.17 ± 0.02 0.44 ± 0.08 0.42 ± 0.06 0.16 ± 0.05 0.10 ± 0.02 0.18 ± 0.03 0.58 ± 0.04 1.33 ± 0.06 7.12
10 Tiger 5.62 ± 0.09 0.03 ± 0.01 0.96 ± 0.05 0.64 ± 0.05 0.21 ± 0.03 0.09 ± 0.03 0.11 ± 0.03 0.43 ± 0.04 1.13 ± 0.05 9.22
11 Tsing Tao 1.81 ± 0.11 0.19 ± 0.03 0.15 ± 0.05 0.59 ± 0.08 0.24 ± 0.01 0.12 ± 0.02 0.10 ± 0.03 0.59 ± 0.03 1.51 ± 0.07 5.30
12 Budweiser 6.9 ± 0.10 0.05 ± 0.02 0.29 ± 0.03 0.37 ± 0.02 0.36 ± 0.03 0.12 ± 0.02 0.05 ± 0.02 0.43 ± 0.03 1.78 ± 0.06 10.35
13 Blue Lion 10.39 ± 0.09 0.22 ± 0.04 0.93 ± 0.07 0.57 ± 0.03 0.25 ± 0.03 0.11 ± 0.01 0.18 ± 0.04 0.76 ± 0.05 2.09 ± 0.07 15.50
14 Asahi 6.11 ± 0.05 0.06 ± 0.01 1.00 ± 0.07 0.55 ± 0.05 0.24 ± 0.04 0.21 ± 0.01 0.24 ± 0.02 0.85 ± 0.05 1.57 ± 0.05 10.83
15 Harbin 4.75 ± 0.06 0.32 ± 0.05 1.66 ± 0.10 2.98 ± 0.07 0.27 ± 0.04 0.14 ± 0.02 0.41 ± 0.05 0.88 ± 0.04 2.87 ± 0.05 14.28
16 Suntory 5.50 ± 0.03 0.29 ± 0.08 0.74 ± 0.09 0.57 ± 0.02 0.18 ± 0.02 0.09 ± 0.01 0.38 ± 0.04 0.45 ± 0.04 1.72 ± 0.06 9.92
17 King

Benefit
4.60 ± 0.04 0.17 ± 0.04 0.36 ± 0.02 0.50 ± 0.03 0.17 ± 0.01 0.13 ± 0.02 0.07 ± 0.01 0.60 ± 0.05 1.80 ± 0.03 8.40

18 Heineken 6.11 ± 0.08 ND 1.35 ± 0.02 0.78 ± 0.03 0.26 ± 0.02 0.10 ± 0.01 0.03 ± 0.01 0.28 ± 0.02 1.24 ± 0.04 10.15
19 Sanmiguel 4.13 ± 0.02 0.95 ± 0.07 0.13 ± 0.02 0.72 ± 0.06 0.12 ± 0.03 0.13 ± 0.01 ND 0.52 ± 0.01 1.64 ± 0.03 8.34
20 Reeb 2.82 ± 0.02 0.26 ± 0.02 0.13 ± 0.05 0.22 ± 0.07 0.15 ± 0.01 0.07 ± 0.03 0.04 ± 0.01 0.27 ± 0.01 0.51 ± 0.03 4.47
21 Pearl River 4.38 ± 0.05 0.09 ± 0.01 0.08 ± 0.02 0.48 ± 0.05 0.20 ± 0.01 0.10 ± 0.01 0.02 ± 0.01 0.45 ± 0.02 1.57 ± 0.02 7.37
22 Beck’s 5.84 ± 0.06 0.24 ± 0.02 0.74 ± 0.02 0.57 ± 0.04 0.26 ± 0.03 0.13 ± 0.01 0.13 ± 0.01 0.35 ± 0.02 1.51 ± 0.05 9.77
23 Blue

Ribbon
1.94 ± 0.03 0.19 ± 0.03 0.87 ± 0.04 0.45 ± 0.03 0.13 ± 0.03 0.10 ± 0.02 0.11 ± 0.02 0.51 ± 0.03 1.01 ± 0.02 5.31

24 Carlsberg 5.52 ± 0.07 0.31 ± 0.04 1.23 ± 0.06 0.79 ± 0.03 0.22 ± 0.02 0.17 ± 0.02 0.22 ± 0.03 0.88 ± 0.03 1.96 ± 0.03 11.30
25 Coors Light 2.98 ± 0.09 0.25 ± 0.05 0.17 ± 0.08 0.35 ± 0.02 0.08 ± 0.02 0.10 ± 0.02 0.08 ± 0.01 0.22 ± 0.01 0.83 ± 0.03 5.06
26 Sedrin 4.32 ± 0.10 0.36 ± 0.05 0.03 ± 0.01 0.62 ± 0.02 0.41 ± 0.05 0.17 ± 0.01 0.67 ± 0.04 0.77 ± 0.01 1.72 ± 0.05 9.07
27 Huang He 4.11 ± 0.05 0.15 ± 0.04 0.19 ± 0.05 0.42 ± 0.03 0.28 ± 0.03 0.09 ± 0.02 0.03 ± 0.01 0.48 ± 0.05 1.37 ± 0.02 7.12
28 Blue Girl 3.64 ± 0.04 0.24 ± 0.06 0.81 ± 0.03 1.36 ± 0.04 0.22 ± 0.02 0.25 ± 0.03 0.14 ± 0.01 0.89 ± 0.03 3.13 ± 0.04 10.68
29 Grolsch 3.41 ± 0.08 ND 1.64 ± 0.07 0.87 ± 0.05 0.23 ± 0.02 0.13 ± 0.02 0.23 ± 0.02 0.35 ± 0.04 2.04 ± 0.05 8.90
30 Corona 3.18 ± 0.06 0.29 ± 0.07 0.52 ± 0.07 0.48 ± 0.03 0.20 ± 0.01 0.16 ± 0.02 0.08 ± 0.01 0.68 ± 0.05 1.58 ± 0.04 7.17
31 Duvel 2.89 ± 0.07 0.29 ± 0.05 4.00 ± 0.15 0.70 ± 0.02 0.27 ± 0.03 0.12 ± 0.01 0.49 ± 0.05 0.01 ± 0.01 1.16 ± 0.05 9.93
32 Leffe 4.83 ± 0.02 0.37 ± 0.03 1.03 ± 0.05 0.80 ± 0.04 0.60 ± 0.04 0.99 ± 0.03 0.73 ± 0.02 0.40 ± 0.01 1.32 ± 0.06 11.07
33 Samuel 5.02 ± 0.03 1.30 ± 0.05 1.85 ± 0.08 1.06 ± 0.09 1.22 ± 0.05 0.36 ± 0.04 ND 0.77 ± 0.03 2.81 ± 0.04 14.39
34 Bitburger 2.88 ± 0.06 0.27 ± 0.01 0.74 ± 0.05 0.71 ± 0.02 0.31 ± 0.01 0.09 ± 0.01 0.09 ± 0.01 0.55 ± 0.02 1.47 ± 0.05 7.11

a Each value is the mean ± standard deviation of triplicate determinations; The levels of individual phenolic compounds are expressed as milligrams per liter of beer (mg/l);
ND, not detected.
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process might have significant influences on the DPPH radical scav-
enging activity of beer. The relative higher SPC in Samuel beer
might be responsible for its high DPPH radical scavenging activity.
Indeed, protocatechuic and caffeic acids with the highest levels in
Samuel beer had significant DPPH radical scavenging activities be-
cause of their chemical structures (Brand-Williams et al., 1995).
Antioxidants with DPPH radical scavenging activity could donate
hydrogen to free radicals, particularly to the lipid peroxides or
hydroperoxide radicals that are the major propagators of the chain
autoxidation of lipids, and to form non-radical species, resulting in
the inhibition of propagating phase of lipid peroxidation (Bam-
forth, Muller, & Walker, 1993). Beer with higher DPPH radical scav-
enging activity was therefore important to beer flavour stability
because beer staling are generally considered as the formation of
trans-2-nonenal and other saturated and unsaturated aldehydes
due to lipid oxidation (Vanderhaegen et al., 2006).

3.4. ABTS radical cation scavenging activity

Different beer samples were also measured and compared for
their free radical scavenging activity against the ABTS radical cat-
ion. Table 3 shows that all beer samples used in this study had sig-
nificant ABTS radical cation scavenging activities. The values of
ABTS radical cation scavenging activities of 34 beer samples were
in the range of 0.55–1.95 mmol TE/l. Of the beer samples studied,
the highest and the lowest ABTS radical cation scavenging activi-
ties were found in Samuel and Peng Cheng beers, respectively,
which was consistent with the result from DPPH radical scaveng-
ing activity assay. In addition to protocatechin acid and caffeic acid,
the higher activity of this beer might be its high levels of (+)-cate-
chin and ferulic acid, both of these two phenolics identified in bar-
ley and malt had been found to have high antioxidant activity
assessed by accelerated autoxidation of methyl linoleate (Maillard,
Soum, Boivin, & Berset, 1996). These results also indicate that raw
material and brewing process might have considerable impacts on
the ABTS radical cation scavenging activity of beer. It is important
to mention that TE values of the same beer obtained by the ABTS
assay were consistently higher than those obtained by the DPPH
assay. The same phenomena were found in recent studies on anti-
oxidant activity of guava fruit reported by Thaipong, Boonprakob,
Crosby, Cisneros-Zevallos, and Byrne (2006), and that of malting
barley by Zhao et al. (2008). Different reaction kinetics between
phenol and the ABTS radical cation and DPPH radical over a similar
range of concentrations might lead to the different results from
two methods (Campos & Lissi, 1996). Actually, the ABTS radical
cation scavenging activity also reflects hydrogen-donating ability.
Beer with a higher ABTS radical cation scavenging activity might
stabilise active oxygen radicals and have better flavour stability.

3.5. Superoxide anion radical scavenging activity

The superoxide anion radical scavenging activities of different
beer samples are shown in Table 3. All beer samples considered in
this study displayed significant superoxide anion radical scavenging



Table 3
DPPH radical scavenging activity, ABTS radical cation scavenging activity, superoxide anion radical scavenging activity, reducing power and metal chelating activity of 34
commercial beers.a

No. Brand DPPH radical
scavenging activityb

ABTS radical cation
scavenging activityb

Superoxide anion radical
scavenging activityc

Reducing powerd Metal chelating activitye

1 Peng Cheng 0.24 ± 0.02 0.55 ± 0.04 15.71 ± 1.20 1.04 ± 0.08 0.64 ± 0.05
2 Tian Mu Hu 0.52 ± 0.03 0.89 ± 0.08 37.14 ± 2.30 1.41 ± 0.05 5.53 ± 0.10
3 Jin Ling 0.49 ± 0.02 0.82 ± 0.07 35.71 ± 3.00 1.32 ± 0.10 3.48 ± 0.12
4 Siwo 0.60 ± 0.02 0.88 ± 0.06 41.42 ± 3.50 1.24 ± 0.09 7.12 ± 0.15
5 Snow 0.50 ± 0.04 0.80 ± 0.07 34.29 ± 2.50 1.30 ± 0.11 2.49 ± 0.18
6 Tai Hu Shui 0.47 ± 0.02 0.76 ± 0.04 34.29 ± 2.90 1.24 ± 0.07 7.52 ± 0.15
7 Cheerday 0.44 ± 0.05 0.74 ± 0.05 25.71 ± 4.60 1.24 ± 0.09 1.17 ± 0.10
8 BBOSS 0.55 ± 0.02 0.87 ± 0.09 40.00 ± 3.40 1.42 ± 0.12 7.85 ± 0.08
9 Yan Jing 0.39 ± 0.03 0.62 ± 0.05 35.71 ± 1.50 1.08 ± 0.08 9.31 ± 0.20
10 Tiger 0.58 ± 0.02 0.95 ± 0.05 35.71 ± 1.00 1.45 ± 0.11 6.66 ± 0.18
11 Tsing Tao 0.57 ± 0.02 0.85 ± 0.03 34.29 ± 1.80 1.36 ± 0.13 4.34 ± 0.12
12 Budweiser 0.43 ± 0.01 0.73 ± 0.04 22.86 ± 3.50 1.39 ± 0.07 6.20 ± 0.06
13 Blue Lion 0.58 ± 0.03 0.90 ± 0.07 45.71 ± 3.10 1.30 ± 0.08 5.56 ± 0.13
14 Asahi 0.71 ± 0.01 0.97 ± 0.04 41.43 ± 4.50 1.61 ± 0.14 1.76 ± 0.15
15 Harbin 0.57 ± 0.02 0.88 ± 0.04 32.86 ± 4.00 1.27 ± 0.11 12.55 ± 0.25
16 Suntory 0.49 ± 0.03 0.75 ± 0.05 24.89 ± 4.60 1.27 ± 0.12 3.09 ± 0.20
17 King Benefit 0.62 ± 0.03 0.84 ± 0.06 35.71 ± 3.50 1.33 ± 0.12 2.36 ± 0.14
18 Heineken 0.75 ± 0.04 1.13 ± 0.07 48.57 ± 3.40 1.72 ± 0.10 3.68 ± 0.09
19 Sanmiguel 0.69 ± 0.02 0.90 ± 0.05 31.42 ± 2.00 1.57 ± 0.06 2.49 ± 0.06
20 Reeb 0.43 ± 0.01 0.57 ± 0.05 35.53 ± 1.60 1.01 ± 0.09 0.35 ± 0.05
21 Pearl River 0.49 ± 0.02 0.73 ± 0.03 19.74 ± 3.50 1.23 ± 0.10 0.22 ± 0.07
22 Beck’s 0.65 ± 0.01 0.96 ± 0.03 40.79 ± 1.70 1.59 ± 0.07 10.82 ± 0.25
23 Blue Ribbon 0.51 ± 0.02 0.69 ± 0.03 38.16 ± 2.80 1.12 ± 0.07 5.13 ± 0.10
24 Carlsberg 0.82 ± 0.06 1.14 ± 0.05 40.79 ± 3.00 1.96 ± 0.15 13.09 ± 0.34
25 Coors Light 0.54 ± 0.01 0.74 ± 0.04 43.42 ± 1.00 1.37 ± 0.12 0.52 ± 0.23
26 Sedrin 0.75 ± 0.07 1.03 ± 0.06 40.79 ± 2.60 1.74 ± 0.10 1.12 ± 0.11
27 Huang He 0.40 ± 0.03 0.71 ± 0.06 15.79 ± 4.20 1.28 ± 0.08 6.74 ± 0.14
28 Blue Girl 0.70 ± 0.01 0.99 ± 0.08 47.37 ± 2.40 1.57 ± 0.07 5.54 ± 0.17
29 Grolsch 0.85 ± 0.05 1.20 ± 0.07 50.00 ± 1.80 1.73 ± 0.06 26.34 ± 0.13
30 Corona 0.49 ± 0.03 0.79 ± 0.03 38.16 ± 1.60 1.39 ± 0.10 0.12 ± 0.16
31 Duvel 0.89 ± 0.06 1.27 ± 0.08 52.63 ± 3.30 1.84 ± 0.11 24.13 ± 0.24
32 Leffe 0.91 ± 0.03 1.33 ± 0.05 55.26 ± 4.20 2.08 ± 0.15 14.3 ± 0.28
33 Samuel 1.35 ± 0.02 1.95 ± 0.05 57.89 ± 3.50 2.84 ± 0.18 54.57 ± 0.36
34 Bitburger 0.71 ± 0.06 1.1 ± 0.06 38.16 ± 2.60 1.62 ± 0.16 22.06 ± 0.16

a Values are the means of three replications ± standard deviation.
b Values expressed as mmol TE/l.
c Values expressed as percent.
d Values expressed as mmol AAE/l.
e Values expressed as lmol EDTAE/l.
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activities under experimental conditions. The values of superoxide
anion radical scavenging activity for beers were between 15.71%
and 57.89%. Comparison of the results obtained by DPPH and ABTS
methods, similar results was observed when antioxidant activity of
beer was evaluated by superoxide anion radical scavenging activ-
ity. The highest and the lowest activities were also found in Samuel
and Peng Cheng beers, respectively. Therefore, superoxide anion
radical scavenging activity of beer was influenced significantly by
the raw materials and brewing process. It is also important for beer
to have higher superoxide anion scavenging activity, because the
superoxide anion was a major source of many free radicals, such
as peroxyl, alkoxyl, hydroxyl, and nitric oxide, which were formed
from the superoxide anion through a Fenton reaction and/or lipid
oxidation or nitric oxidation (Ambrosio & Flaherty, 1992). Thus,
beer with a higher superoxide anion radical scavenging activity
could reduce the production of many free radicals, which improve
beer flavour stability by protecting beer components from the free
radical attacks.

3.6. Reducing power

As shown in Table 3, there were significant variations in reduc-
ing power for different beer samples. The reducing power of 34
beer samples tested in this investigation ranged from 1.01 mmo-
l AAE/l in the case of Reeb beer to 2.84 mmol AAE/l detected in
Samuel beer. The results were partly different with the results
evaluated in the three assays mentioned above, and this might
be due to the different reaction mechanisms among antioxidant
activity evaluation assays. Lugasi (2003) also found significant
reducing power in dark and lager beers, whereas no significant dif-
ference was found between the two types of beers. These observa-
tions suggest that raw materials and brewing process have some
influences on the reducing power of beer. Reducing power is gen-
erally associated with antioxidant activity and may serve as a sig-
nificant reflection of the antioxidant activity. Compounds with
reducing power indicate that they could reduce the oxidised inter-
mediates of lipid peroxidation processes and act as primary or sec-
ondary antioxidants.

3.7. Metal chelating activity

Table 3 shows the metal chelating activities of selected commer-
cial beers. Although all beer samples exhibited metal chelating
activities at test concentrations, a 450-fold difference was recorded
between Corona (0.12 lmol EDTAE/l) and Samuel beers
(54.57 lmol EDTAE/l), which suggested that the raw materials
and brewing process might have remarkable impacts on metal che-
lating activity. The results obtained were partly different from the
data tested by DPPH, ABTS, superoxide anion, and reducing power
methods. In the present study, the different observations from these
methods for evaluating antioxidant activity of beer might be due to
different mechanisms of reaction. Moreover, antioxidant properties
of single compounds within a group could vary remarkably, so that
the same levels of antioxidants were not necessarily corresponded
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to the same antioxidant responses. Some beers showed very weak
metal chelating activities, which might be beers in the present study
potentially contained weak-chelating phenolic compounds. Indeed,
Miranda, Stevens, Ivanov, McCall, Frei and Deinzer (2000) also
found that the prenylated and nonprenylated chalcones and flava-
nones found in beer and hops did not chelate copper ions in vitro.
It is well known that even trace amounts of metals such as iron or
copper will convert molecular oxygen to ROS (reactive oxygen spe-
cies). ROS participates the beer oxidation and results in the occur-
rence of off-flavour in beer (Bamforth et al., 1993).
3.8. Correlations among beer antioxidant activity assays and
individual and total phenolic contents

The Pearson’s product moment correlation coefficients among
five different beer antioxidant activity assays and individual and
total phenolic contents were calculated and shown in Table 4.
Significant positive correlations among five antioxidant activity
assays for beer were observed (ranging from 0.552 to 0.973,
p < 0.01), especially among DPPH radical scavenging activity, ABTS
radical cation scavenging activity and reducing power, suggesting
that overall antioxidant activity evaluation results for 34 beer sam-
ples using five assays were consistent although these assays in-
volved different reaction mechanisms. These findings suggest
that the compounds which could scavenge DPPH, ABTS and super-
oxide anion radicals in beer are capable of reducing ferric ions and
chelating ferrous ions. Moreover, (+)-catechin, (�)-epicatechin,
protocatechuic, caffeic and syringic acids contents exhibited strong
positive correlations with five antioxidant activity assays (ranging
from 0.341 to 0.688, p < 0.05), except for the case of syringic acid
for metal chelating activity assay and (�)-epicatechin for superox-
ide anion radical scavenging activity and metal chelating activity.
All these results suggest an association between these individual
phenolic compounds and antioxidant activity, and all these pheno-
lic compounds might make considerable contributions to the anti-
oxidant activity of beer. The results were in agreement with the
previous reports that (+)-catechin and ferulic acid were the most
efficient antioxidants in beer (Waters, Heasman, & Hughes, 1997)
and the decreases or increases in antioxidant activity during brew-
ing was accompanied significantly by changes in the levels of
(+)-catechin and ferulic acid (Pascoe, Ames, & Chandra, 2003).
However, gallic and ferulic acids, the major phenolic compounds
Table 4
Correlations among beer antioxidant activity evaluation indices, individual and total phen

DSA ASA SSA RP MCA TPC GA PA

DSA 1 0.973** 0.793** 0.950** 0.788** 0.433* 0.045 0.696**

ASA � 1 0.750** 0.967** 0.843** 0.426* 0.092 0.671**

SSA � � 1 0.682** 0.552** 0.304 0.057 0.401*

RP � � � 1 0.777** 0.461** 0.052 0.699**

MCA � � � � 1 0.225 �0.053 0.662**

TPC � � � � � 1 0.059 0.196
GA � � � � � � 1 �0.139
PA � � � � � � � 1
CC � � � � � � � �
VA � � � � � � � �
CA � � � � � � � �
SA � � � � � � � �
ECC � � � � � � � �
PCA � � � � � � � �
FA � � � � � � � �
SPC � � � � � � � �

a DSA, DPPH radical scavenging activity; ASA, ABTS radical cation scavenging activity;
activity; RP, reducing power; MCA, metal chelating activity; TPC, total phenolic content; G
acid; SA, syringic acid; ECC, (�)-epicatechin; PCA, p-coumaric acid; FA, ferulic acid; SPC
* Significant at p < 0.05.
** Significant at p < 0.01.
identified in beer, exhibited very weak correlations with antioxi-
dant activity except for the correlation between ferulic acid–ABTS
radical cation scavenging activity, and ferulic acid–metal chelating
activity, which might be caused by different responses of phenolic
compounds to different antioxidant activity evaluation assays. As
for correlations among antioxidant activity assays and TPC and
SPC, both of them gave significant (p < 0.05) positive correlations
with DPPH radical scavenging activity, ABTS radical cation scav-
enging activity and reducing power, but no correlation was found
between TPC and SPC. All these results indicate that TPC might
not be a good predictor for beer antioxidant activity evaluated by
superoxide anion radical scavenging activity and metal chelating
activity, and prove the non-specificity of Folin–Ciocalteu method
for total phenolic content determination (Zieliński & Kozłowska,
2000). There were also some antioxidant activities in beer that
might be attributable to other unidentified substances or to syner-
gistic interactions. There were significant positive correlations be-
tween some individual phenolic compounds, suggesting that these
phenolic compounds might have the same behaviors during beer
brewing. Results obtained from this study indicated that individual
phenolic contents could reflect the antioxidant activity of beer
more objective than TPC or SPC, which was of significance for prac-
tical beer production.
3.9. Contribution of phenolic compounds to beer antioxidant activity
analysed by stepwise linear regression

It is rather difficult to isolate and characterise every compound
in beer, and then to evaluate their antioxidant activities due to
the diversity and complexity of the natural antioxidant com-
pounds. However, quantification of the contribution of phenolic
compounds, especially individual phenolic compounds to beer
antioxidant activity was of importance for improving beer flavour
stability by increasing selectively certain phenolic content in beer.
Nine independent variables (individual phenolic compounds iden-
tified in beer) were used to explain variability for the dependent
variable (antioxidant activity evaluated by different assays) by
stepwise linear regression and results are presented in Table 5.
Gallic, vanillic and p-coumaric acids found did not help explain
the variation in beer antioxidant activity in the current study.
There were some differences in phenolic species and their contri-
butions for the different antioxidant assays although (+)-catechin,
olic contents.a

CC VA CA SA ECC PCA FA SPC

0.462** 0.121 0.701** 0.502** 0.390* �0.022 0.316 0.407*

0.511** 0.173 0.787** 0.509** 0.405* 0.017 0.359* 0.482*

0.506** �0.006 0.398* 0.464** 0.294 �0.031 0.131 0.315
0.386* 0.115 0.790** 0.551** 0.381* 0.017 0.321 0.404*

0.543** 0.227 0.769** 0.303 0.246 �0.047 0.352* 0.373*

�0.055 0.130 0.073 0.009 �0.206 0.165 0.304 0.125
0.079 �0.080 0.114 0.005 0.113 0.241 0.174 0.754**

0.122 0.225 0.647** 0.306 0.428* 0.020 0.299 0.205
1 0.205 0.234 0.089 0.425* �0.094 0.212 0.484**

� 1 0.196 0.120 0.237 0.202 0.518** 0.389*

� � 1 0.524* 0.537** 0.119 0.374* 0.451**

� � � 1 0.526** 0.001 0.134 0.245
� � � � 1 0.046 0.142 0.440*

� � � � � 1 0.604* 0.418*

� � � � � � 1 0.622**

� � � � � � � 1

HSA, hydroxyl radical scavenging activity; SSA, superoxide anion radical scavenging
A, gallic acid; PA, protocatechuic acid; CC, (+)-catechin; VA, vanillic acid; CA, caffeic

, sum of individual phenolic contents.



Table 5
Partial (part.) and cumulative (cum.) R2 values from stepwise regression analysis across phenolic compounds for five antioxidant activity assays.a

Parameter DSA ASA SSA RP MCA

Part. R2 Cum. R2 Part. R2 Cum. R2 Part. R2 Cum. R2 Part. R2 Cum. R2 Part. R2 Cum. R2

Ferulic acid 46.0 46.0 (1) � � � � � � � �
Syringic acid 18.5 64.5 (2) � � 12.0 55.0 (3) � � � �
(+)-Catechin 8.8 73.3 (3) 8.9 82.4 (3) 15.0 43.0 (2) � � 11.6 84.9 (3)
Caffeic acid � � 54.9 54.9 (1) � � 57.8 57.8 (1) 55.9 55.9 (1)
Protocatechuic acid � � 18.6 73.5 (2) 28.0 28.0 (1) 14.0 71.8 (2) 17.4 73.3 (2)
(�)-Epicatechin � � � � � � � � 3.2 88.1 (4)

a Data were expressed as percentages; Numbers in parentheses indicate the order in which parameters were added to the model; DSA, DPPH radical scavenging activity;
ASA, ABTS radical cation scavenging activity; SSA, superoxide anion radical scavenging activity; RP, reducing power; MCA, metal chelating activity.

H. Zhao et al. / Food Chemistry 119 (2010) 1150–1158 1157
(�)-epicatechin, ferulic, syringic, caffeic and protocatechuic acids
were observed to make significant (p < 0.05) contributions to anti-
oxidant activity of beer. Stepwise linear regression showed that
ferulic acid alone was able to explain 46.0% of the variation in
DPPH radical scavenging activity observed in the present study.
Sequential addition of the syringic and (+)-catechin increased this
to 64.5% and 73.3%, respectively. As for ABTS radical cation scav-
enging activity, caffeic acid was also the most important factor
that alone explained 54.9% of the observed variation. Sequential
addition of protocatechuic acid and (+)-catechin increased the
predictive value of the model to 73.5% and 82.4%, respectively.
Furthermore, protocatechuic acid could explain 28.0% of the ob-
served variation in superoxide anion radical scavenging activity.
Sequential addition of (+)-catechin and syringic acid increased
the predictive value of the model to 43.0% and 55.0%, respec-
tively. However, caffeic and protocatechuic acids were able to ex-
plain 71.8% of total variation in reducing power. As for metal
chelating activity, caffeic acid was the most important factor,
since it alone explained 55.9% of the observed variation. Sequen-
tial addition of protocatechuic acids, (+)-catechin and (�)-epicat-
echin increased the predictive value of the model to 73.3%, 84.9%
and 88.1%, respectively. Therefore, results from stepwise regres-
sion analysis showed that antioxidant activity of beer was mainly
attributed to their phenolic constituents. The contribution of phe-
nolic compounds identified in this study to beer antioxidant
activity was between 55.0% and 88.1%, which was dependent on
antioxidant activity evaluation methods. The results supported
that polyphenols were mainly responsible for the endogenous
reducing power of beer and partial removal of the polyphenol
fraction by polyvinylpolypyrrolidone treatment diminished the
reducing power by 9–38% (McMurrough, Madigan, Kelly, &
Smyth, 1996). Moreover, it should be noted that (+)-catechin
was important to beer antioxidant activity because it not only
exhibited mainly significant positive correlations with the major-
ity of antioxidant assays, but also made considerable contribu-
tions to antioxidant activity of beer (Tables 4 and 5). Actually,
compounds with flavonoid structure like (+)-catechin generally
showed higher antioxidant activity than non-flavonoid com-
pounds, such as phenolic acids, stilbenes, lignans and coumarins.
The activity of flavonoids to act as antioxidants depends upon
their molecular structure. The position and number of hydroxyl
groups and double bonds as well as the ortho 30,40-dihtdroxy moi-
ety in the chemical structure of flavonoids are important for their
antioxidant and free radical scavenging activities. Flavonoids pos-
sessing multiple hydroxyl groups, especially 30,40 o-dihydroxy
groups, and the 3- and 5-OH groups with 4-oxo function in A
and C rings are generally the more efficient antioxidants than
non-flavonoid compounds (Rice-Evans, Miller, & Paganga, 1996).
Indeed, (+)-catechin had been found to have higher antioxidant
activity than caffeic acid, ferulic acid, chlorogenic acid and p-cou-
maric acid assessed by the ABTS method (Rice-Evans, Miller, &
Paganga, 1997). Therefore, it is efficient to improve beer antioxi-
dant activity by increasing the levels of phenolic compounds, par-
ticularly flavonoids and some phenolic acids in beer.
4. Conclusions

There were considerable variations in phenolic profiles (both
total and individual phenolic contents) and antioxidant activities
of commercial beers across different brands. DPPH radical scaveng-
ing activity, ABTS radical cation scavenging activity, superoxide an-
ion radical scavenging activity, reducing power and metal
chelating activity exhibited significant positive correlations with
(+)-catechin, protocatechuic, caffeic and syringic acids contents.
Although the individual phenolic compounds responsible for beer
antioxidant activity were different, the overall contribution of phe-
nolic compounds to antioxidant activity of beer was between 55.0%
and 88.1%. Therefore, it was important for us to characterise the
phenolic species mainly responsible for beer antioxidant activity,
which provide a good means for brewers to increase selectively
certain phenolic content during brewing for improvement on fla-
vour stability of final beer. Moreover, this research was part of
our continuous efforts to improve beer flavour stability by protect-
ing endogenous antioxidants in raw materials and beer. Further
work on optimising brewing processes will be the improvement
of beer’s flavour stability through raising selectively certain pheno-
lic contents.
Acknowledgments

The authors gratefully acknowledge the Key Technology R&D
Program of Guangdong Province (Nos. 2007A010900001 and
2008A010900001) for financial supports.
References

Ambrosio, G., & Flaherty, J. T. (1992). Effects of the superoxide radical scavenger
superoxide dismutase, and of the hydroxyl radical scavenger mannitol, on
reperfusion injury in isolated rabbit hearts. Cardiovascular Drugs and Therapy, 6,
623–632.

Bamforth, C. W. (2000). Beer quality: Oxidation. Brewer’s Guardian, 4, 31–34.
Bamforth, C. W., Muller, R. E., & Walker, M. D. (1993). Oxygen and oxygen radicals in

malting and brewing: A review. Journal of the American Society of Brewing
Chemists, 53, 79–88.

Brand-Williams, W., Cuvelier, M. E., & Berset, C. (1995). Use of a free radical method
to evaluate antioxidant activity. Lebensmittel-Wissenschaft Und-Technoogie, 28,
25–30.

Campos, A. M., & Lissi, E. A. (1996). Kinetics of the reaction between 2,2-azinobis(3-
ethylbenzothiazoline)-6-sulfonic acid (ABTS) derived radical cation and
phenols. International Journal of Chemical Kinetics, 29, 219–224.

Dávalos, A., Gómez-Cordovés, C., & Bartolomé, B. (2003). Commercial dietary
antioxidant supplements assayed for their antioxidant activity by different
methodologies. Journal of Agricultural and Food Chemistry, 51, 2512–2519.

Dinis, T. C. P., Madeira, V. M. C., & Almeidam, L. M. (1994). Action of phenolic
derivates (acetoaminophen, salycilate, and 5-aminosalycilate) as inhibitors of
membrane lipid peroxidation and peroxyl radicals scavengers. Archives of
Biochemistry and Biophysics, 315, 161–169.



1158 H. Zhao et al. / Food Chemistry 119 (2010) 1150–1158
Frankel, E. N., & Meyer, A. S. (2000). The problems of using one dimensional
methods to evaluate multifunctional food and biological antioxidants. Journal of
the Science of Food and Agriculture, 80, 1925–1941.

Gaulejac, N. S.-C., Provost, C., & Vivas, N. (1998). Comparative study of polyphenol
scavenging activities assessed by different methods. Journal of Agricultural and
Food Chemistry, 47, 425–431.

Gorinstein, S., Caspi, A., Zemser, M., & Trakhtenberg, S. (2000). Comparative
contents of some phenolics in beer, red and white wines. Nutrition Research, 20,
131–139.

Guido, L. F., Boivin, P., Benismail, N., Gonçalves, C. R., & Barros, A. A. (2005). An early
development of the nonenal potential in the malting process. European Food
Research and Technology, 220, 200–206.

Kaneda, H., Kobayashi, M., Furusho, S., Sahara, H., & Koshino, S. (1995). Reducing
activity and flavour stability of beer. MBAA Technical Quarterly, 32, 90–94.

Lu, J., Zhao, H., Chen, J., Fan, W., Dong, J., Kong, W., et al. (2007). Evolution of
phenolic compounds and antioxidant activity during malting. Journal of
Agricultural and Food Chemistry, 55, 10994–11001.

Lugasi, A. (2003). Polyphenol content and antioxidant properties of beer. Acta
Alimentaria, 32, 181–182.

Lugasi, A., & Hóvári, J. (2003). Antioxidant properties of commercial alcoholic and
nonalcoholic beverages. Nahrung, 47, 79–86.

Maillard, M. N., Soum, M. H., Boivin, P., & Berset, C. (1996). Antioxidant activity of
barley and malt: Relationship with phenolic content. Lebensmittel-Wissenschaft
Und-Technoogie, 29, 238–244.

McMurrough, I., Madigan, D., Kelly, R. J., & Smyth, M. R. (1996). The role of flavanoid
polyphenols in beer stability. Journal of the American Society of Brewing Chemists,
54, 141–148.

Miranda, C. L., Stevens, J. F., Ivanov, V., McCall, M., Frei, B., & Deinzer, M. L. (2000).
Antioxidant and prooxidant actions of prenylated and nonprenylated chalcones
and flavanones in vitro. Journal of Agricultural and Food Chemistry, 48,
3876–3884.

Montanari, L., Perretti, G., Natella, F., Guidi, A., & Fantozzi, P. (1999). Organic and
phenolic acids in beer. Lebensmittel-Wissenschaft Und-Technoogie, 32, 535–539.

Narziss, L., Miedaner, H., Graf, H., Eichhorn, P., & Lustig, S. (1993). Technological
approach to improve flavour stability. MBAA Technical Quarterly, 30, 48–53.

Pascoe, H. M., Ames, J. M., & Chandra, S. (2003). Critical stages of the brewing
process for changes in antioxidant activity and levels of phenolic compounds in
ale. Journal of the American Society of Brewing Chemists, 61, 203–209.
Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., & Rice-Evans, C. (1999).
Antioxidant activity applying an improved ABTS radical cation decolorization
assay. Free Radical Biology and Medicine, 26, 1231–1237.

Rice-Evans, C. A., Miller, N. J., & Paganga, G. (1996). Structure-antioxidant activity
relationships of flavonoids and phenolic acids. Free Radical Biology and Medicine,
20, 933–956.

Rice-Evans, C. A., Miller, N. J., & Paganga, G. (1997). Antioxidant properties of
phenolic compounds. Trends in Plant Science, 2, 152–159.

Shahidi, F., & Naczk, M. (1995). Phenolic compounds of beverages. In Food phenolics,
sources, chemistry, effects, applications (pp. 128–136). Lancaster, PA: Technoming
Publishing Co.

Singleton, V. L., & Rossi, J. A. (1965). Colorimetry of total phenolics with
phosphomolybdic–phosphotungstic acid reagent. American Journal of Enology
and Viticulture, 16, 144–158.

Takao, T., Kitatani, F., Watanabe, N., Yagi, A., & Sakata, K. (1994). A simple screening
method for antioxidants and isolation of several antioxidants produced by
marine bacteria from fish and shellfish. Bioscience, Biotechnology, and
Biochemistry, 58, 1780–1783.

Thaipong, K., Boonprakob, U., Crosby, K., Cisneros-Zevallos, L., & Byrne, D. H. (2006).
Comparison of ABTS, DPPH, FRAP, and ORAC assays for estimating antioxidant
activity from guava fruit extracts. Journal of Food Composition and Analysis, 19,
669–675.

Vanderhaegen, B., Neven, H., Verachtert, H., & Derdelinckx, G. (2006). The chemistry
of beer aging – A critical review. Food Chemistry, 95, 357–381.

Waters, M. T., Heasman, A. P., & Hughes, P. S. (1997). Comparison of (+)-catechin and
ferulic acid as natural antioxidants and their impact on beer flavour stability. Part
1: Forced-aging. Journal of the American Society of Brewing Chemists, 55, 83–89.

Zhao, H., Dong, J., Lu, J., Chen, J., Li, Y., Shan, L., et al. (2006). Effects of extraction
solvent mixtures on antioxidant activity evaluation and their extraction
capacity and selectivity for free phenolic compounds in barley (Hordeum
vulgare L.). Journal of Agricultural and Food Chemistry, 54, 7277–7286.

Zhao, H., Fan, W., Dong, J., Lu, J., Chen, J., Shan, L., et al. (2008). Evaluation of
antioxidant activities and total phenolic contents of typical malting barley
varieties. Food Chemistry, 107, 296–304.
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