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Abstract: Nowadays, a general interest in improving health in order to achieve better conditions of
life is increasing. Diet is a complex factor affecting health conditions. We analysed the biological
activities of three types of alcohol-free lager beer (a blond, a pale-blond and a stout beer) as well as
epicatechin gallate (ECG) as one of their most abundant phenols with the aim of revealing them as
nutraceuticals. For that purpose, we carried out safety and protective assays of the tested substances in
the well-known Drosophila melanogaster animal model. Moreover, chemoprevention studies on human
leukaemia cells (HL-60) in an in vitro model were carried out to evaluate the viability and genomic
damage potential of the studied compounds on the tumour cell line. Results suggest the safety
properties of all compounds, although pale-blond and stout beer only showed genotoxic activity at
the lowest concentrations assayed. Moreover, alcohol-free beers and phenols were able to protect
against H2O2 oxidative damage as well as to induce an increase in longevity with an improvement
of the quality of life in the in vivo animal model assayed. Promising results were obtained with the
alcohol-free beers and ECG in the in vitro assays with human leukaemia cells as they inhibited the
tumour cells’ growth, induced DNA damage and modified the methylation status of such a cancer
cell line. To sum up, alcohol-free beers should be of interest not only because of their reduced calories
and isotonic properties but because they can be recognised as nutraceutical substances.

Keywords: alcohol-free beer; cytotoxicity; DNA damage; Drosophila melanogaster; epicatechin gallate;
genotoxicity; HL-60 cell line; lifespan; methylation status; toxicity

1. Introduction

Beer is now being considered as a beverage with potential added value in the diet. Beer
consumption has been associated with a wide range of beneficial health effects such as the
prevention of cardiovascular disease and a decreased risk of kidney stone formation, chemo-
preventive activity, antioxidant capacity and physiological effects, among others [1–4]. The
sugars, minerals, B vitamins and other available bioactive substances found in beer are
conducive to its consideration as a nutritional supplement [5].

Beer is a complex beverage, containing a wide range of constituents. About 20–30%
of beer polyphenols originate from hops, whereas 70–80% are malt-derived [6]. Addi-
tionally, some unique bioactive compounds have been identified in beers as hop-derived
prenylflavonoids, including xanthohumol, isoxanthohumol and 8-prenylnaringenin [6],
showing promising xanthohumol and iso-alpha humulone properties (safe, protective
and cytotoxic with chemoprotective effects) [7,8]. Numerous proanthocyanidins, phenolic
compounds formed from single monomer units such as the (−)-epicatechin, are present in
beer. Up to 30% of the proanthocyanidins present in beer are derived from hops (e.g., epi-
catechin gallate); the rest are derived from the malt [9,10]. ECG ((−)-epicatechin gallate)
is a three-gallate ester form of (−)-epicatechin that, like other phenols, is found in beer in
relatively high concentrations (5–20 mg/L) [10]. ECG is present in green tea and also in
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other plants such as grapes, strawberries and buckwheat. This phenol was selected for
this study because (apart from the iso-alpha-acids (iso-Cohumulone and iso-n-Humulone)
and tyrosol) it is the most abundant phenolic in beer, reaching a concentration of up to
20 mg/mL [6]. This value is within one order of magnitude of the range of green tea’s
ECG content (8 mg/g dw) [11]. Many studies support the health benefits of ECG mostly
due to its antioxidant properties. ECG contributes to reducing the risk of cancer and
cardiovascular-related disease and has antiviral and antibacterial activities, ultraviolet pro-
tection of skin and neuroprotective power, among properties [12]. Bartolomé et al. [13] and
McMurrough and Baert [14] recorded the presence of (−)-epicatechin in alcohol-free beers.

Despite the wide variety of styles of beer, they generally fall into two classes: lager
and ale beer. The two categories of beer differ from each other in the type of yeast and
temperature used during the brewing process. Lager beers use special yeast that ferments
best at cooler temperatures, whereas ale beers use another type of yeast that ferments better
at warmer temperatures [15]. Moreover, beers can exhibit colours ranging from pale to
black due to the colour of malt(s) caused by the caramelisation of sugars and Maillard-type
reactions [16,17]. Having beers brewed with dark malts results in a longer shelf life than that
of pale beers [18]; furthermore, they differ from pale malts in their colour due to the Maillard
reaction or caramelisation of products formed during the roasting of malt by reactions
involving proteins and carbohydrates [19]. Although the possible effects that the Maillard
reaction and caramelisation process have on the oxidative stability of beer are unknown,
positive correlations between antioxidant activity and malt colour have been observed due
to the phenols’ compositions and the presence of Maillard components [19,20].

Recently, a worldwide interest in alcohol-free (AFB) and low-alcohol beers (LAB)
has been increasing. AFB and LAB are known to have a weaker aroma than standard
beers [21]. Legally fixed maximum alcohol contents differ among countries, but AFB and
LAB are defined as beers with an alcohol content below 0.5% and no more than 1.2%
alcohol, respectively, for the total volume [21].

Two procedures have been established for manufacturing non-alcoholic beer: (a) phys-
ical methods based on removing the alcohol content (dealcoholisation by vacuum rectifi-
cation and evaporation, dialysis, reverse osmosis, membrane extraction, CO2 extraction,
pervaporation, adsorption or freezing), and (b) biological processes based on limited al-
cohol formation by using a special yeast [21–25]. The most commonly used yeast for
alcohol-free beer production is Saccharomycodes ludwigii. It has the capacity to control the
fermentation process due to its inability to ferment the prevailing fermentable sugars in all
malt worts (maltose and maltotriose). Moreover, the fermentation of S. ludwigii does not
require continuous monitoring as it is a slow attenuation process at 20 ◦C [21].

There is a scarcity of literature on comparisons of the two processes and their effects on
product quality and the cost of brewing LABs or AFBs. Nonetheless, the arrested/limited
fermentation process may be easily carried out with standard brewery equipment, resulting
in a quicker production time and requiring fewer raw materials. As a result, the man-
ufacturing charges of LAB/AFBs are comparable to or even less than those generated
from producing normal beer. Alcohol removal processes, on the other hand, necessitate
additional equipment, utilities and space, implying additional investments and operating
costs above the price of producing conventional dealcoholised beer. The alcohol separation
procedures are, however, flexible (the more hours, the higher output) and can generate
zero-alcohol beers, which is difficult to achieve using natural fermentative processes [21].

Phenol content (type and concentration) in beer is related to the raw materials utilised,
the brewing process and also the change during storage after manufacturing. Alcohol-free
beer usually has lower levels of phenolic content due to the differences in the duration
of fermentation and the yeast strains employed in their brewing and to losses during the
dealcoholisation process [10,13].

The final outcome of a specific beer is the result of multifactorial entries (composi-
tion, alcohol content, brewing process), and hence, the exhaustive study of beer becomes
complicated. Nevertheless, it is known that recently there has been an increasing interest
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in health care and, consequently, a new lifestyle emerging. For these reasons, we studied
one of the most consumed beverages as it is believed to be healthier: alcohol-free beers. A
new data corpus is needed not only for their brewing process, phenol content or flavour
but also to assess their safety, genome-protecting and longevity-enhancing activities. The
aim of the present research was to evaluate the safety, protective and chemopreventive
activities of three types of alcohol-free lager beers (a blond, a pale-blond and a stout beer
variety) and the common and most abundant phenol in all of them (ECG). For that purpose,
the Drosophila animal model used for safety and protective assays, which contains more
than 70% of genes homologous with human disease [26,27], is a reliable system for in vivo
screening assessing tests. Moreover, chemopreventive studies in the in vitro model of the
human leukaemia cell line (HL-60) were carried out to evaluate the cytotoxic and DNA
clastogenic potency that our tested compounds induced in the tumour cells.

2. Materials and Methods
2.1. Samples Preparation and Single Compounds

A blond alcohol-free lager beer (Bucker 0,0 ®) (LBAFLB), a pale-blond alcohol-free
lager beer (Pale Buckler 0,0 ®) (LPBAFLB) and a stout alcohol-free lager beer (Stout Buckler
0,0 ®) (LSAFLB) were selected for this study. All beers are characterised by an alcohol
volume ≤ 0.04% and the use of special yeast (S. ludwigii) during their brewing. It should be
noticed that LPBAFLB is characterised by the addition of food additives such as the E-414
stabiliser and the E-330 acidulant. Furthermore, taking into account that alcohol-free beers
have the same bioactive compounds (although in lower concentrations) than regular beer
except for alcohol [28], epicatechin gallate (ECG) was tested as a single bioactive compound
as it is the third most abundant phenol in beers after tyrosol and iso-alpha humulone [6]
and has not been studied in our previous research [8].

Only alcohol-free lager beers were chosen for the present study as they claim the
highest consumption rate in the world with respect to alcohol-free ale. This could be related
with the economic impact that ale beers may have in the dealcoholisation process as well as
the brewing process (top-fermenting yeast at warm temperatures), and they have a much
higher alcohol content than lagers [29].

Beers samples were lyophilised before the assays were carried out (SCAI, University
of Córdoba) and stored until use at room temperature in a dark and dry atmosphere.
Lyophilised beers were dissolved in distilled water to obtain the different concentrations to
be tested.

The concentrations of beers tested were established for the purpose of comparing
them to the daily beer intake of humans (192 mL of total beer/day for 70 kg of human
body weight) [30] with the average daily food intake of Drosophila (1 mg/day) and the
average body weight of D. melanogaster individuals (1 mg) [31]. Furthermore, the assayed
concentrations of ECG were the equivalent to those contained in the full beer.

2.2. Model System Used
2.2.1. In Vivo: D. melanogaster

The exceptional characteristics that Drosophila possesses, such as a short life cycle and
reliability, make this eukaria an ideal model organism. Furthermore, Drosophila shows
a consistent genetic similarity to humans, taking into account that just about 75% of
the genes involved in human diseases have related or similar sequences to those in D.
melanogaster [32,33], which makes this organism the choice model for toxicology, develop-
mental biology, genetics and evolutionary studies [34–38].

Two Drosophila strains were used, each one characterised by a distinctive hair marker
in the third chromosome:

• mwh/mwh: holds the recessive mutation mwh (multiple wing hairs) that produces multi-
ple tricomas per cell instead of one when homozygous [39].
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• flr3/In (3LR) TM3, rippsep bx34eesBdS: the flr3(flare) marker is a homozygous reces-
sive lethal mutation that causes deformed tricomas to appear, but once larvae begin
development it is viable in homozygous somatic cells [40].

2.2.2. In Vitro: HL-60 Promyelocytic Human Leukaemia Cells

The HL-60 cell line originated from a female patient with acute myeloid leukaemia [41].
The growing of peripheral blood leukocytes from this subject in conditioned medium pro-
ceeded the expansion of a growth-factor-independent immortal cell line with distinct
myeloid characteristics [42]. The promyelocytic human leukaemia cell line HL-60 prolifer-
ates in suspension culture with a doubling time of about 36 to 48 h.

Cells were cultured in supplemented RPMI-1640 medium (Sigma-Aldrich, St. Louis,
MO, USA, R5886) at 37 ◦C and 5% CO2 conditions [42]. The cultures were plated at
2.5 × 104 cells/mL density in 10 mL culture bottles and replaced three times per week.

2.3. Safety In Vivo Assays
2.3.1. Toxicity

The percentage of the number of individuals hatched in each treatment compared to
the number of individuals hatched in the negative control was analysed at the following
ranks of concentrations for the different beers, which fell between 3.125 and 50 mg/mL.
For ECG the concentrations used were those equivalent to its quantity in the total volume
of beer (0.0048–0.079 mM). Treatment tubes contained 0.85 g of Drosophila Instant Medium
(Formula 4-24, Carolina Biological Supply Company, Burlington, NC, USA) and 4 mL
of each different concentration of the substance to be tested. The negative controls were
composed of medium and distilled water.

Chi-square test in Microsoft Office Excel 2007 was used to estimate if the tested
compounds affected the survival of flies in a significant way.

2.3.2. Genotoxicity

The genotoxicity assays were performed using the method described by Graf et al. [27].
Assayed concentrations (3.125 and 50 mg/mL beer and 0.0048 and 0.079 mM ECG) were
prepared in the same way as described in the toxicity section. After emergence, adult flies
were stored in 70% ethanol until the wings were mounted and scrutinised for mutations at
400×magnification. Transheterozygous wings (mwh flr+/mwh+ flr3) show spots correspond-
ing to different events (somatic point mutation, deletions, non-disjunction and somatic
recombination of both mwh and flr genetic markers).

A total of 207 wings were mounted, and the total number of spots were analysed by
a multiple-decision procedure to determine whether a result was positive, inconclusive
or negative [43]. The frequencies of each obtained type of mutant clone were analysed
applying the binomial Kastenbaum and Bowman Test [44], without Bonferroni correction
and at 5% level of significance, and compared with the concurrent control. All inconclu-
sive and positive results were analysed with the nonparametric Mann–Whitney U-test
(α = β = 0.05).

A total of 40 wings for each positive concentration (3.125 gm/mL) of LPBAFLB and
LSAFLB with balancer marker (mwh/BdS) at their single treatments were also tested in order
to evaluate the percentage of genotoxic activity present due to somatic recombinogenic
events (R) of the substance using the following formula [45]:

R = [1 − (mwh spots on the balancer wings/mwh spots on the marker wings)] × 100

2.4. Protection In Vivo Tests
2.4.1. Antitoxicity

The antitoxicity tests in the study revealed the viability percentage of Drosophila treated
with the same concentrations as in toxicity assays combined with the genotoxicant H2O2
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at 0.12 M [46]. The positive controls were prepared with medium and 0.12 M H2O2 as an
oxidative genotoxicant.

Chi-square test in Microsoft Office Excel 2007 was used to determine if the tested
compounds significantly affected the survival of flies.

2.4.2. Antigenotoxicity

The antigenotoxicity trials were performed according to Graf et al. [47], which included
combined treatments of genotoxin (0.12 M H2O2) and the same concentration used in
genotoxicity assays (3.125 and 50 mg/mL beer; 0.0048 and 0.079 mM ECG). After emergence,
the same steps as those taken for the genotoxicity assays were carried out to mount and
scrutinise the wings. A total of 196 wings were mounted and analysed. The inhibition
percentages (IP) for the combined treatments were calculated from total spots per wing
with the following formula [48]:

IP = [(single genotoxin − combined treatment)/single genotoxin] × 100

2.4.3. Longevity

All lifespan trials were performed at 25 ◦C according to the procedure described in
Tasset-Cuevas et al. [46]. Four replicas were studied during the complete life extension for
each control and concentration established (3.125–50 mg/mL beer and 0.0048–0.079 mM
ECG). Alive animals were counted, and the respective media were renewed twice a week.
Healthspan data were also obtained by studying the upper 25% of the curve, characterised
by low and nearly constant age-specific mortality rate values [49].

The statistical treatment of survival data for each control and concentration were
assessed with the SPSS Statistics 17.0 software (SPSS, Inc., Chicago, IL, USA), applying the
Kaplan–Meier method. The significance of the curves was determined using the log-rank
method (Mantel–Cox).

2.5. Protection In Vitro Tests
2.5.1. Cytotoxicity Assay

HL-60 cells were placed in 96-well culture plates (2 × 104 cells/mL) and treated for
72 h with the different beers (7.81–250 mg/mL for LBAFLB; 0.488–250 mg/mL for LPBAFLB
and LSAFLB) and the equivalent concentrations for ECG (0.0048–0.079 mM). This wide
range was selected to rate a variety of cytotoxic doses including the inhibitory concentration
50 (IC50) when possible. This allowed the evaluation of a wide range of concentrations in
the cell viability assays, which let us to predict acute in vitro lethality.

Cell viability was determined by the trypan blue dye (Sigma-Aldrich, St. Louis, MO,
USA, T8154) exclusion test in a Neubauer chamber at 100×magnification (AE30/31, Motic).
Cytotoxicity curves at 72 h were determined as the average survival percentage of three
independent experiments compared to that of the control.

2.5.2. Tumour Cells’ DNA Damage Evaluation
DNA Fragmentation

HL-60 cells (1 × 106 cells/mL) were treated with different concentrations of selected
blond and stout lyophilised beers (15.625–250 mg/mL) and their equivalent concentration
of ECG (0.0048–0.79 mM) for 5 h.

Treated cells were collected following the protocol carried out in our laboratory [7]
with lysis, precipitation and washing steps. Finally, DNA was quantified, subjected to a 2%
agarose gel electrophoresis and visualised under UV light. A DNA-size ladder (GTP Bio)
was run in parallel with DNA molecular weight reference.
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Comet Assay

Cells were treated with different concentrations of lyophilised beers (15.625, 31.25 and
62.5 mg/mL) and their equivalent concentrations of ECG (0.0048, 0.0097 and 0.0195 mM)
for 5 h.

Cells were mixed with 0.75% low-melting-point agarose (Sigma-Aldrich, St. Louis,
MO, USA, A4018) and transferred to frosted-end slides followed by steps of lysis, alkaline
electrophoresis and neutralization and dried according to Mateo-Fernández et al.’s [50] pro-
tocol. Finally, DNA of 50–100 single cells was visualised using a Leica DM 2500 fluorescence
microscope with green filter and an attached camera (JAI CV-M4CL).

Statistical analysis of data was performed using SPSS Statistic 17.0 software. The tail
moment data were evaluated by a one-way ANOVA. The post hoc Tukey’s test was applied
to assess the effect of the compounds on HL-60 cells’ DNA integrity. Statistical significance
was considered p ≤ 0.05.

Methylation Status

Genomic DNA from beer (15.625 and 250 mg/mL) and ECG (0.0048 and 0.079 mM)
treatments was isolated following the protocol used in the DNA fragmentation assays.
Bisulphite-modified DNA, using the EZ DNA Methylation-Gold Kit, was used as a template
for fluorescence-based real-time quantitative methylation-specific PCR (qMSP) according
to the protocol described by Merinas-Amo et al. [7]. qMSP was performed in 48-well plates
in MiniOpticon Real-Time PCR System (MJ Mini Personal Thermal Cycler, Bio-Rad) and
analysed by Bio-Rad CFX Manager 3.1 (Bio-Rad, Hercules, California).

Three different repetitive elements (Alu M1, LINE-1 and Sat-α) (Isogen Life Science)
were chosen with the aim of studying extensive human genomic DNA. The Alu and LINE
sequences are distributed throughout the genome in a random way; meanwhile, satellites
are restricted to the centromere areas [51–54]. Complete information about Alu M1, LINE-1
and Sat-α sequences is described in Table 1 [55].

Table 1. Primer information.

Reaction ID GenBank
Number

Amplicon
Start

Amplicon
End

Forward Primer
Sequence 5′ to 3′ (N)

Reverse Primer
Sequence 5′ to 3′ (N)

GC-Content (%)
Forward Reverse

ALU-C4 Consensus
Sequence 1 98

GGTTAGGTATAGTGGTTTATATTTGTAA-
TTTTAGTA

(36)

ATTAACTAAACTAATCTTAAACTCCT-
AACCTCA

(33)
25 27.3

ALU M1 Y07755 5059 5164 ATTATGTTAGTTAGGATGGTTTCGATTTT
(29) CAATCGACCGAACGCGA (17) 27.6 58.8

LINE-1 X52235 251 331 GGACGTATTTGGAAAATCGGG (21) AATCTCGCGATACGCCGTT (19) 47.6 52.6

Sat-α M38468 139 260
TGATGGAGTATTTTTAAAATATACGTTTT-

GTAGT
(34)

AATTCTAAAAATATTCCTCTTCAATTA-
CGTAAA

(33)
23.5 21.2

Source Weisenberger et al. [55].

The relative yielded results were normalised by using the Alu C4 sequence as house-
keeping according to Nikolaidis et al. [56] and Liloglou et al.’s [57] comparative Ct method.
After triplicate assays were performed for each sample, results were analysed with one-way
ANOVA and post hoc Tukey’s statistical tests.

3. Results and Discussion
3.1. Safety: Toxicity and Genotoxicity

The toxicity of LBAFLB, LPBAFLB, LSAFLB and ECG was evaluated in the Drosophila
in vivo model. After treating larvae with different concentrations of the studied substances,
results show a non-significant survival rate compared to that of the control at all of the
concentrations tested, exhibiting a non-toxic effect on Drosophila’s viability (Figure 1).
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Figure 1. Toxicity levels of lyophilised blond alcohol-free beer (LBAFLB), lyophilised pale-blond
alcohol-free beer (LPBAFLB), lyophilised stout alcohol-free lager beer (LSAFLB) and epicatechin
gallate (ECG) in D. melanogaster. Data are expressed as percentage of surviving adults with respect
to 300 untreated 72-hour-old larvae from three independent experiments treated with different
concentrations of LBAFLB, LPBAFLB, LSAFLB and ECG.

Results of genotoxicity assays in the SMART test are indicated in Table 2. The fre-
quency of mutations per wing in the negative control test (0.157) falls into the biographical
range for the wing spot test [58]. The results show that all the compounds assayed appear
to have no genotoxic effect at the tested concentrations, except for the lowest concentrations
(3.125 mg/mL) of the LPBAFLB and LSAFLB, which showed a significantly higher total
mutation rate (0.575 and 0.452 spots/wings, respectively) than that of the negative control
(0.157 spots/wing). In the balancer–heterozygous genotype (mwh/TM3) mwh spots were
produced mainly by somatic point mutation and chromosome aberrations. By scoring
mwh/TM3 balancers–heterozygous wings, the quantification of the recombinogenic potency
of the positive control was possible. The frequency of mwh clones on the marker tran-
sheterozygous wings (mwh single spots plus twin spots) was compared with the frequency
of mwh spots on the balancer transheterozygous wings. The difference in mwh clone
frequency is a direct measure of the proportion of recombination. Recombinogenicity
values for genotoxic beers were 78.39% for LPBAFLB and 83.24% for LSAFLB, which were
slightly higher than that of their respective control treatment (74.5%). Consequently, our
compounds induced mutagenic activity instead of recombinogenic activity.

Although beer is known to have healthy properties including anti-bacterial, anti-
inflammatory and anti-oxidative effect, it is associated with a lower risk of cardiovascular
disease, and few studies have been performed with this beverage in the Drosophila animal
model. A previous similar study by Merinas-Amo et al. [7] with an alcoholic lyophilised
blond lager beer showed that it does not exhibit toxicity at the assayed concentrations with
100% survival compared to the control; moreover, they revealed that beer showed non-
genotoxic effects in the Drosophila SMART test with significant similar or lower values of
mutation rates at the different concentrations tested compared with the negative control [7].
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Table 2. Genotoxicity of lyophilised blond alcohol-free lager beer (LBAFLB), lyophilised pale-blond
alcohol-free lager beer (LPBAFLB), lyophilised stout alcohol-free lager beer (LSAFLB) and epicatechin
gallate (ECG) in the Drosophila wing spot test.

Clones Per Wing (No. of Spots) (1)

Compound No of
Wings

Small Single
Clones (1–2
Cells) m = 2

Large Single
Clones (>2

Cells) m = 5

Twin Clones
m = 5

Total Clones
m = 2 F (2) U-Test (3) R (%) (4)

Single Treatment (mwh/flr3)

H2O 38 0.157 (6) 0 0 0.157 (6) 0.650 76.92

LBAFLB (mg/mL)
3.125 47 0.255 (12) 0.0212 (1) 0 0.276 (13) i 1.134 ∆

50 45 0.288 (13) 0 0 0.288 (13) i 1.184 ∆

LPBAFLB (mg/mL)
3.125 40 0.450 (18) 0.15 (5) 0 0.575 (23) + 2.360 78.39

50 40 0.225 (9) 0.075 (3) 0 0.300 (12) i 1.230 ∆

LSAFLB (mg/mL)
3.125 42 0.357 (15) 0.095 (4) 0 0.452 (19) + 1.850 83.24

50 32 0.281 (9) 0.094 (3) 0 0.375 (12) i 1.665 ∆

ECG (mM)
0.0048 38 0.210 (8) 0.052 (2) 0 0.263 (10) i 1.079 ∆
0.079 40 0.175 (7) 0.025 (1) 0 0.200 (8) i 0.820 ∆

Single Treatment (mwh/TM3)

H2O (5) 80 0.040 (3) 0 0 0.040 (3) 0.150

LPBAFLB (mg/mL)
3.125 40 0.125 (5) 0 0 0.125 (5) 0.510

LSAFLB (mg/mL)
3.125 40 0.075 (3) 0 0 0.075 (3) 0.310

(1) Statistical diagnosis according to Frei and Wurgler [43]. + (positive), − (negative) and i (inconclusive) versus
negative control. m: multiplication factor. Kastenbaum–Bowman Test without Bonferroni correction, probability
levels α = β = 0.05. (2) Frequency of clone formation per 105 cells: clones/wings/24,400 cells. (3) Inconclusive
results were resolved by Mann–Whitney U-test. Delta marker (∆) means no differences between the treatment
and the concurrent control. (4) Recombination percentage was calculated according to Valadares, Graf and Spanó
[45]. (5) Balancers–heterozygous wings.

3.2. Protection: Antitoxicity, Antigenotoxicity and Longevity

The antitoxicity assays revealed the ability of LBAFLB, LPBAFLB, LSAFLB and ECG
to protect the individuals against oxidative stress at some of the tested concentrations.
Figure 2 shows that the positive control H2O2 is toxic at 0.12 M with an average survival
rate of 54% with respect to the water control. LBAFLB showed a significant protection
against the genotoxicant at the two highest concentrations tested (25 and 50 mg/mL).
LPBAFLB also showed a significant protective effect at 6.25 and 12.5 mg/mL concentrations.
LSAFLB only showed a protective effect at the lowest concentration (3.125 mg/mL). The
combined treatment of ECG and H2O2 showed a significant protective effect at the two
lowest concentrations (0.0048 and 0.079 mM).

Results of antigenotoxicity assays in the SMART test are indicated in Table 3. The
concentration of H2O2 used (0.12 M) has been evidenced to exert a potent genotoxic effect
able to induce somatic mutations and mitotic recombination in D. melanogaster [59] at a rate
of 0.388 spots/wing.



Processes 2022, 10, 331 9 of 21

Processes 2022, 10, x FOR PEER REVIEW 9 of 21 
 

 

LPBAFLB also showed a significant protective effect at 6.25 and 12.5 mg/mL concentra-
tions. LSAFLB only showed a protective effect at the lowest concentration (3.125 mg/mL). 
The combined treatment of ECG and H2O2 showed a significant protective effect at the 
two lowest concentrations (0.0048 and 0.079 mM).  

Results of antigenotoxicity assays in the SMART test are indicated in Table 3. The 
concentration of H2O2 used (0.12 M) has been evidenced to exert a potent genotoxic effect 
able to induce somatic mutations and mitotic recombination in D. melanogaster [59] at a 
rate of 0.388 spots/wing.  

Results show that LBAFLB, LPBAFLB, LSAFLB and ECG were able to inhibit the 
genotoxic activity of H2O2 with inhibition percentages of 27.32–42.78; 6.44–29.12; 25.25–
35.56; and 16.24–9.79 at the lowest and highest tested concentrations, respectively. There 
was an apparent contradictory result regarding the significant genotoxicity of the lower 
concentration of LPBAFLB and LSAFLB. Nevertheless, we hypothesised that a competi-
tive oxidation mechanism may take place between hydrogen peroxide and the mutagenic 
compounds contained in the studied LPBAFLB and LSAFLB [60]. 

 
Figure 2. Antitoxicity levels of lyophilised blond alcohol-free lager beer (LBAFLB), lyophilised pale-
blond alcohol-free lager beer (LPBAFLB), lyophilised stout alcohol-free lager beer (LSAFLB) and 
epicatechin gallate (ECG) in D. melanogaster. Data are expressed as percentage of surviving adults 
with respect to 300 untreated 72-h-old larvae from three independent experiments treated with dif-
ferent concentrations of LBAFLB, LPBAFLB, LSAFLB and ECG combined with 0.12 M H2O2. *: Chi-
square > 3.84 (p < 0.05). 

Table 3. Antigenotoxicity of lyophilised blond alcohol-free lager beer (LBAFLB), lyophilised pale-
blond alcohol-free lager beer (LPBAFLB), lyophilised stout alcohol-free lager beer (LSAFLB) and 
epicatechin gallate (ECG) in the Drosophila wing spot test. 

 Clones Per Wing (No. of Spots) (1)   

Compound No. of 
Wings 

Small Single 
Clones (1–2 
Cells) m = 2 

Large Single 
Clones (>2 Cells) 

m = 5 

Twin Clones 
m = 5 

Total Clones m = 
2 

F (2) IP (%) (3) 

H2O 38 0.157 (6) 0 0 0.157 (6) 0.650  
H2O2 36 0.305 (11) 0.083 (3) 0 0.388 (14) + 2.049  

LBAFLB (mg/mL)       
3.125 39 0.231 (9) 0.0512 (2) 0 0.282 (11) β 1.156 27.32 

Figure 2. Antitoxicity levels of lyophilised blond alcohol-free lager beer (LBAFLB), lyophilised
pale-blond alcohol-free lager beer (LPBAFLB), lyophilised stout alcohol-free lager beer (LSAFLB)
and epicatechin gallate (ECG) in D. melanogaster. Data are expressed as percentage of surviving
adults with respect to 300 untreated 72-h-old larvae from three independent experiments treated
with different concentrations of LBAFLB, LPBAFLB, LSAFLB and ECG combined with 0.12 M H2O2.
*: Chi-square > 3.84 (p < 0.05).

Table 3. Antigenotoxicity of lyophilised blond alcohol-free lager beer (LBAFLB), lyophilised pale-
blond alcohol-free lager beer (LPBAFLB), lyophilised stout alcohol-free lager beer (LSAFLB) and
epicatechin gallate (ECG) in the Drosophila wing spot test.

Clones Per Wing (No. of Spots) (1)

Compound No. of
Wings

Small Single
Clones (1–2 Cells)

m = 2

Large Single
Clones (>2 Cells)

m = 5

Twin Clones
m = 5

Total Clones
m = 2 F (2) IP (%) (3)

H2O 38 0.157 (6) 0 0 0.157 (6) 0.650

H2O2 36 0.305 (11) 0.083 (3) 0 0.388 (14) + 2.049

LBAFLB (mg/mL)
3.125 39 0.231 (9) 0.0512 (2) 0 0.282 (11) β 1.156 27.32

50 45 0.155 (7) 0.066 (3) 0 0.222 (10) β 0.911 42.78

LPBAFLB (mg/mL)
3.125 44 0.295 (13) 0.068 (3) 0 0.363 (16) β 1.490 6.44

50 40 0.025 (10) 0.025 (1) 0 0.275 (11) β 1.127 29.12

LSAFLB (mg/mL)
3.125 34 0.235 (8) 0.059 (2) 0 0.290 (10) β 1.205 25.25

50 40 0.150 (6) 0.100 (4) 0 0.250 (10) β 1.025 35.56

ECG (mM)
0.0048 40 0.275 (11) 0.050 (2) 0 0.325 (13) β 1.332 16.24
0.079 40 0.250 (10) 0.050 (2) 0.050 (2) 0.350 (14) β 1.434 9.79

(1) Statistical diagnosis according to Frei and Wurgler [43]. β (significantly different) versus positive control. m:
multiplication factor. Kastenbaum–Bowman Test without Bonferroni correction, probability levels α = β = 0.05.
(2) Frequency of clone formation per 105 cells: clones/wings/24,400 cells. (3) The inhibition percentage for the
combined treatments was calculated from total spots per wing according to Abraham [48].
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Results show that LBAFLB, LPBAFLB, LSAFLB and ECG were able to inhibit the geno-
toxic activity of H2O2 with inhibition percentages of 27.32–42.78; 6.44–29.12; 25.25–35.56;
and 16.24–9.79 at the lowest and highest tested concentrations, respectively. There was an
apparent contradictory result regarding the significant genotoxicity of the lower concentra-
tion of LPBAFLB and LSAFLB. Nevertheless, we hypothesised that a competitive oxidation
mechanism may take place between hydrogen peroxide and the mutagenic compounds
contained in the studied LPBAFLB and LSAFLB [60].

Results obtained in the different longevity assays are shown in Figure 3 and Table 4.
Survival curves show either a similar or a significant increase in lifespan expansion for
all compounds compared to their corresponding control, except for the two lowest con-
centrations of ECG (0.0048 and 0.0097 mM), which significantly reduced the lifespan of
D. melanogaster. LBAFLB and LSAFLB showed a significant increase in life extension in
D. melanogaster at all the tested concentrations with an average range of 52.90–66.38 days
and 74.179–80.852 days, respectively, compared to the control (47.242 and 69.324 days
on average, respectively). LPBAFLB showed a significant increase in life extension in D.
melanogaster fed with concentrations of 3.125 and 6.25 mg/mL, with a life extension of 6
and 11 days, respectively, compared to the corresponding control. Finally, ECG was able to
improve longevity at the two highest concentrations (0.039 and 0.079 mM); however, the
phenol induced a reduction of 10–4 days in the lifespan of Drosophila treated with the re-
spective 0.0048 and 0.0097 mM concentrations, when compared with the control treatment.
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of LSAFLB at the lowest concentration. Moreover, our results are in agreement with find-
ings about the antioxidant ability of blond and stout beers found by Tafulo et al. [67], 
Granato et al. [15] and Merinas-Amo et al. [7].  

Research confirms the antioxidant effect showed by ECG as it act as a scavenger of 
free radicals and suppressor of oxidative stress [68,69]. Therefore, and due to their poly-
phenols content, beers could be a source of bioactive compounds with suitable free-radical 
scavenging properties, such as isoxanthohumol, ferulic acid, vanillic, folic acid and cho-
line, among others [7,70–73]. 
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anogaster ranging between 55.3 and 64.9 days compared to the control [7]. Moreover, the 
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Figure 3. Survival parameters of D. melanogaster fed with different concentrations of lyophilised
blond alcohol-free lager beer (LBAFLB), lyophilised pale-blond alcohol-free lager beer (LPBAFLB),
lyophilised stout alcohol-free lager beer (LSAFLB) and epicatechin gallate (ECG). (A) Survival curves
and (B) healthspan averages. (A) Survival curves of D. melanogaster. (B) Mean of survival time in
the highest 75% of surviving population. * indicates significant differences (p < 0.001) compared to
the control.

In reference to the healthspan results, all tested compounds showed the ability to
improve the quality of life of flies, compared to their corresponding control, at some
concentrations tested. LBAFLB produced a significant improvement of healthspan in D.
melanogaster compared to the control in the two central concentrations assayed (6.25 and
12.5 mg/mL) with an increase of 9 and 22 days, respectively. LPBAFLB showed a significant
improvement of healthspan at all the assayed concentrations with an average range of
11–19 days with respect to the control. LSAFLB induced a significant improvement of
quality of life in Drosophila at all assayed concentrations except at the middle concentration
(12.5 mg/mL) with a range of 12–27 days, compared to the control. ECG exhibited an
improvement of healthspan at the three highest concentrations (0.0097, 0.039 and 0.079 mM)
with an increase of 6, 20 and 9 days, respectively, compared to the control.

Most of the protective properties in beers have been shown to be related with the
antioxidant activity of their phenols [61,62]. Arimoto-Kobayashi et al. [63] evaluated the
antigenotoxic potential of beer components against carcinogens contained in the human
diet, suggesting their protective capacity. Moreover, the formation of the Maillard inter-
mediate is correlated with the alcohol content and colour [64,65]. Studies with coloured
final products of the Maillard reaction, which were formed non-enzymatically during the
roasting of malt, indicate peroxyl radical scavenging potential [66]. This fact, along with the
presence of other phenols, could be the responsible for the stronger antitoxic potential of
LSAFLB at the lowest concentration. Moreover, our results are in agreement with findings
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about the antioxidant ability of blond and stout beers found by Tafulo et al. [67], Granato
et al. [15] and Merinas-Amo et al. [7].

Table 4. Mean and significancy of curves for lifespan and healthspan.

Compound Concentration Mean Lifespan (1) (Days) Mean Healthspan (1) (Days)

LBAFLB

Control 47.242 19.769
3.125 mg/mL 52.900 *** 23.273 ns
6.25 mg/mL 66.380 *** 28.167 ***
25 mg/mL 64.994 *** 41.231 ***
50 mg/mL 53.488 *** 20.538 ns

LPBAFLB

Control 69.324 32.222
3.125 mg/mL 74.358 * 49.413 ***
6.25 mg/mL 76.310 ** 51.308 ***
12.5 mg/mL 69.535 ns 49.667 ***
25 mg/mL 70.490 ns 43.700 *
50 mg/mL 70.660 ns 50.417 ***

LSAFLB

Control 69.324 32.222
3.125 mg/mL 75.782 ** 44.786 ***
6.25 mg/mL 80.852 *** 58.675 ***
12.5 mg/mL 74.179 ** 36.500 ns
25 mg/mL 80.686 *** 59.077 ***
50 mg/mL 78.966 *** 54.577 ***

ECG

Control 47.242 19.769
0.0048 mM 37.187 *** 22.500 ns
0.0097 mM 43.899 * 25.800 ***
0.039 mM 53.070 * 39.962 ***
0.079 mM 50.647 * 28.619 ***

Means were calculated by the Kaplan–Meier method and significance of the curves were determined by the
log-rank method (Mantel–Cox). (1) ns: non-significant (p > 0.05), *: significant (p < 0.05), **: highly significant
(p < 0.01), ***: very highly significant (p < 0.001).

Research confirms the antioxidant effect showed by ECG as it act as a scavenger
of free radicals and suppressor of oxidative stress [68,69]. Therefore, and due to their
polyphenols content, beers could be a source of bioactive compounds with suitable free-
radical scavenging properties, such as isoxanthohumol, ferulic acid, vanillic, folic acid and
choline, among others [7,70–73].

The alcoholic lyophilised blond lager beer induced an increase in lifespan in D.
melanogaster ranging between 55.3 and 64.9 days compared to the control [7]. Moreover, the
healthspan was significantly increased in the reference compared to the control, except for
the highest concentration (50 mg/mL). We speculate that the antioxidant components of
beer neutralise the oxidative radicals originated during the metabolism of the rest of the
diet in the Drosophila longevity trials by increasing life and healthspan.

Studies about the important effects of ECG in the inhibition of the development of
insulin resistance and hyperglycaemia [74], coronary disease and atherogenesis [75] and
its role in obesity as a therapeutic substance [76–78] confirm the positive properties that
this phenol exhibited. Moreover, Gorinstein et al. [79] and Gorinstein et al. [80] reported a
beneficial effect of a special type of beer with an epicatechin content of 132 ± 2.5 mg/mL
on some blood parameters. In addition, age-associated diseases such as Parkinson disease
were inhibited by ECG intake [81,82]. Our results agree with the health effects that beer
and ECG have exhibited. Furthermore, the role of ECG was studied on Drosophila in order
to analyse its effect on neurons that are also present in humans (climbing ability, lipid
peroxidation and apoptosis in the brain of flies) obtaining a promising effect when the
phenol was supplemented at concentrations of 0.25, 0.50 and 1.0 µg/mL [69]. Our results
agree with these findings. Moreover, we could relate the beneficial properties of the phenols
with the safety and protective effects of the AFBs.
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3.3. Chemoprotection: Cytotoxicity and DNA Damage

All substances assayed showed cytotoxic activity against HL-60 cells (Figure 4).
LBAFLB showed an increase in the cytotoxicity level according to the increased concen-
tration of the tested compound, being the inhibitory concentration 50 (IC50) 7.81 mg/mL.
LPBAFLB and LSAFLB showed a stronger chemopreventive activity, inducing inhibitory
tumour cells’ total growth at 31.25 mg/mL and reached the IC50 value of over 0.488 mg/mL.
Finally, the cytotoxicity of ECG exerted a progressive dose-dependent inhibition of cell
growth, reaching the IC50 value at the medium concentration tested (0.0195 mM).
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Figure 4. Effect of lyophilised blond alcohol-free lager beer (LBAFLB), lyophilised pale-blond alcohol-
free lager beer (LPBAFLB), lyophilised stout alcohol-free lager beer (LSAFLB) and epicatechin gallate
(ECG) on cell viability. Viability in promyelocytic human leukaemia cells (HL-60) treated with
different concentrations of LBAFLB (A), LPBAFLB (B), LSAFLB (C) and ECG (D) for 72 h. Each point
represents the growing percentage compared to its control. Values are mean +/− SE from three
independent experiments.

There are contradictory reports with regard to the relationship between beer consump-
tion and cancer risk. Riboli et al. [83] demonstrated that beer consumption is not related
with colon cancer; contrarily, Kato et al. [84] showed that beer drinkers have an increased
risk of colorectal cancer, and a connection between beer consumption and lung cancer was
suggested by Potter et al. [85]. Nevertheless, an inverse connection between moderate beer
consumption and endometrial cancer was proposed by Swanson et al. [86]. In vitro studies
have demonstrated the anti-proliferative activity of lager beer components with antiox-
idant properties in prostate cancer cells and HL-60 promyelocytic cancer cells, showing
a firm connection among antioxidant potency, polyphenols content and antiproliferative
activity [7,87]. The present cytotoxic results of the different AFBs are supported by the
epidemiological data on the safety and the in vitro results of lager beer. Several studies
supported the beneficial effects of ECG in chemoprevention. In animal model studies, ECG
was able to inhibit growth tumours in the colon [88–90], breast [91,92], prostate [93,94],
head and neck [95], lung [96] and skin [93,97], and has several other biological effects on
human diseases. Our results agree with the chemopreventive potential of ECG against
tumour cells’ growth. Moreover, we could hypothesise that ECG is a chemopreventive
element found in alcohol-free beers.

The DNA damage of tumour cells treated with different concentrations of our assayed
compounds was evaluated by DNA internucleosomal fragmentation and DNA strand
break induction (Figure 5) and modification in the DNA methylation status of the HL-60
cells (Figure 6). DNA internucleosomal fragmentation is represented by a DNA laddering,
and it is related with the activation of the apoptotic way in cancer cells. DNA breaks were
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observed in the three lowest concentrations of LBAFLB (15.625, 31.25 and 62.5 mg/mL) and
in the two lowest concentrations of LPBAFLB and LSAFLB (15.625 and 31.25 mg/mL). On
the other hand, ECG did not induce internucleosomal fragmentation at any assayed con-
centrations (Figure 5). These results do not allow us to establish any relation between ECG
effects and the properties showed by the alcohol-free beers to induce DNA fragmentation.
That fact could be due to the presence of other compounds that give the final properties to
the AFBs. In a study with a blond alcoholic beer, Merinas-Amo et al. [7] related the property
of beer to induce proapoptotic DNA fragmentation with the presence of xanthohumol.

The comet assay technique allowed us to readily identify, at a unicellular level, apop-
totic nuclei based on the typical morphological changes attributable to extensive DNA
damage [98]. Based on the work of Fabiani et al. [99], the frequency distribution of DNA
damage can be categorised into five classes according to the TM values as follows: class
0 (TM < 1; no damage), class 1 (TM 1–5; slightly damaged), class 2 (TM 5–10; medium
damage), class 3 (TM 10–20; highly damaged) and class 4 (TM >20; completely damaged).
Based on this categorisation, all control values fell into class 0 (TM < 1); LBAFLB 31.25
and 62.25 mg/mL showed a TM value near to 100, which indicated the induction of high
and complete clastogenicity damage in HL-60 cells; the same properties were shown by
LPBAFLB, which induced significant damage at the 62.5 mg/mL concentration with a TM
value higher than 20; LSAFLB showed slight damage at the two lowest concentrations
assayed (15.625 and 31.25 mg/mL) with a TM value lower than 5, and included high
damage at the highest concentration (TM < 20); ECG induced TM values over 3 (class 1) at
0.0048 and 0.0195 mM, which resulted in slight damage to cells (Figure 5). Although ECG
induced slight DNA damage (TM < 5), it was not responsible for the high damage induced
by alcohol-free beers (TM > 100 and TM > 20). That fact could be because of the presence of
other compounds that give the final properties of AFBs.

Regarding the relative normalised expression of the three repetitive sequences (Alu
M1, LINE-1 and Sat-α) studied in HL-60 cells treated with different concentrations of
our compounds (Figure 6), the following observations were made: LBAFLB showed a
significant hypomethylated status at the highest concentration tested (250 mg/mL) for Alu
M1 and at both concentrations tested (15.625 and 250 mg/mL) for the LINE-1 repetitive
sequence, compared to the corresponding control; LPBAFLB showed significant hyper-
methylation in 15.625 mg/mL treatments on Alu M1 and Sat-α repetitive sequences and
hypomethylation at the highest concentration (250 mg/mL) for the LINE-1 sequence, com-
pared to their controls; contrarily, LSAFLB showed a hypermethylation in the 250 mg/mL
treatment for all the repetitive sequences and hypomethylation at the lowest concentration
(15.625 mg/mL) for the LINE-1 sequence; ECG showed a general tendency towards methy-
late leukaemia cells with significant hypermethylation at 0.0048 and 0.079 mM for Alu M1
and only 0.079 mM for Sat- α sequences, compared to their controls.

To our knowledge, all previous studies on AFBs have been carried out in order to
analyse the DNA fragmentation pattern that this beer causes in cancer cells. Studies
with blond lager beer showed a fragmentation effect at the two lowest concentrations of
the beer (15.625 and 31.25 mg/mL) and a slight effect at the intermediate concentration
(62.5 mg/mL) [7], the findings of which are in agreement with our results. Treatment
with ECG in different tumour cells such as human epidermis carcinoma (A431), human
carcinoma karatinocyte (HaCaT), human prostate carcinoma (DU145), mouse lymphoma
(L5178Y) and human oral tumour cells (HSC-2) induced apoptosis by induction of DNA
fragmentation, but this was not the case in normal NHEK cells or HGF-2 fibroblasts [93,100].
Our results do not agree with these previous findings, most likely because we studied
lower concentrations than the 40 µg/mL dose used by the previous authors.
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h. (A) Internucleosomal DNA fragmentation. (B) DNA strand break induction. (A) M indicates DNA 
size marker, C indicates control treatment. (1) ECG: concentrations of 0.0048 mM (1), 0.0097 mM (2), 
0.0195 mM (3), 0.039 mM (4) and 0.079 mM (5). (B) Alkaline comet assay (pH < 13) of HL-60 cells 
treated. DNA migrations are reported as mean TM. Values are mean +/− SE. Different letters (b and 
c) in treatment indicate differences compared to the negative control (a) after one-way ANOVA and 
post hoc Tukey’s test. 

The comet assay technique allowed us to readily identify, at a unicellular level, apop-
totic nuclei based on the typical morphological changes attributable to extensive DNA 

Figure 5. DNA-induced damage in promyelocytic HL-60 cells treated with different concentrations
of lyophilised blond alcohol-free lager beer (LBAFLB), lyophilised pale-blond alcohol-free lager beer
(LPBAFLB), lyophilised stout alcohol-free lager beer (LSAFLB) and epicatechin gallate (ECG) for 5 h.
(A) Internucleosomal DNA fragmentation. (B) DNA strand break induction. (A) M indicates DNA
size marker, C indicates control treatment. (1) ECG: concentrations of 0.0048 mM (1), 0.0097 mM (2),
0.0195 mM (3), 0.039 mM (4) and 0.079 mM (5). (B) Alkaline comet assay (pH < 13) of HL-60 cells
treated. DNA migrations are reported as mean TM. Values are mean +/− SE. Different letters (b and
c) in treatment indicate differences compared to the negative control (a) after one-way ANOVA and
post hoc Tukey’s test.
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0.0048 and 0.0195 mM, which resulted in slight damage to cells (Figure 5). Although ECG 
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quence, compared to the corresponding control; LPBAFLB showed significant hyper-
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hypomethylation at the highest concentration (250 mg/mL) for the LINE-1 sequence, com-
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Alu M1 and only 0.079 mM for Sat- α sequences, compared to their controls.  
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blond alcohol-free lager beer (LPBAFLB) (B), lyophilised stout alcohol-free lager beer (LSAFLB) (C) 
and epicatechin gallate (ECG) (D). The different letters (a, b and c) in each compound and each 

Figure 6. Relative normalised expression data of each repetitive element in treated HL-60 cells
with different concentration of lyophilised blond alcohol-free lager beer (LBAFLB) (A), lyophilised
pale-blond alcohol-free lager beer (LPBAFLB) (B), lyophilised stout alcohol-free lager beer (LSAFLB)
(C) and epicatechin gallate (ECG) (D). The different letters (a, b and c) in each compound and each
repetitive element indicate differences compared to the negative control (a) (ANOVA followed by
post hoc Tukey’s test).

TM values have been shown to be correlated with cytotoxicity ones [101]. Our results
agree with that relation, showing significant TM values in agreement with the viability
percentage of HL-60 cells. Moreover, the results of DNA fragmentation are in line with
those obtained in comet assays, considering that TM values higher than 30 indicate an
induction of apoptosis mechanisms [102]. Only the two highest concentrations of LBAFLB
assayed showed TM > 30, supporting the death of leukaemia cells by apoptosis. The rest of
the compounds and concentrations tested induced cell death by a necrosis mechanism.

The procedure of controlling epigenetic DNA modifications is complex [103]. En-
doparasitic repetitive sequences refrain from jumping around due to the repression of DNA
methylation [104]. The majority of DNA methylation in humans takes place in the cytosine
of CpG dinucleotides (CpG islands). In an ordinary cell, they are unmethylated, and the
gene is expressed if the needed transcription factors are present [104]. As a result of the
methylation effects caused in the repetitive sequences of the genome and understanding
the methylation of repetitive sequences as a genomic protective mechanism [55,105], we
could say that only LPBAFLB has an effect on Alu M1 and Sat-α at the lowest concen-
trations; LSAFLB at the highest concentrations for all repetitive sequences studied; and
ECG at the lowest concentration for Alu M1 and Sat-α and the highest concentration for
Alu M1 sequences, which prevents DNA epigenetic damages. Besides that, and taking
into account the idea of tumour cells’ demethylation, this would indicate that beers and
their compounds act as preventive agents, cutting off the repetitive sequences of tumour
cells [105].

Unfortunately, no previous studies related with the methylation status induced by
AFBs or ECG were found. Merinas-Amo et al. [7] proved that a lyophilised blond lager beer
cause an increase in the DNA methylation level in treated tumour cells in different repetitive
sequences. Fang et al. [106] proposed that in conventional dietary consumption the effect of
a single polyphenol is not significant, while in contrast the combination of polyphenols with
dietary histone deacetylase inhibitors and the additive effect of different dietary chemicals
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may produce some effects. Furthermore, the extreme consumption of polyphenols in
dietary supplements could affect the DNA methylation status [106]. Consequently, single
or combined phenols included in food should be taken into consideration in epigenetic-
focused therapies as not everything is worthy.

4. Conclusions

The different compositions and brewing processes of drinks could influence the final
outcomes of the full beer. Although further research must be carried out to check the
properties of alcohol-free beers in other animal models and even in humans, the results of
in vivo and in vitro studies with model organisms (animal and cell) are promising.

Results suggest the safety properties of all compounds, although LPBAFLB and
LSAFLB showed a genotoxic activity only at the lowest concentrations assayed. Moreover,
all the studied alcohol-free beers and ECG were able to protect against H2O2 oxidative
damage as well as to induce an increase in longevity with an improvement of the quality of
life in the in vivo animal model assayed. Promising results were obtained with the alcohol-
free beers and ECG in the in vitro assays with human leukaemia cells as they inhibited the
tumour cells’ growth, induced DNA damage and modified the methylation status of such
a cancer cell line.

Taking into account the ideas introduced and results obtained in the present work,
we could suggest that alcohol-free beers should be of interest not only because of their
reduced calories and isotonic properties but also their recognised potential as nutraceu-
tical substances due to their safety and protective and chemopreventive elements, as
presented herein.
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