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ABSTRACT
Different natural antimicrobials affected viability of bacterial contaminants isolated at critical steps during a beer production process. In the presence of 1 mg/ml chitosan and 0.3 mg/ml hops, the viability of Escherichia coli in an all malt
barley extract wort could be reduced to 0.7 and 0.1% respectively after 2 hour- incubation at 4 °C. The addition of
0.0002 mg/ml nisin, 0.1 mg/ml chitosan or 0.3 mg/ml hops, selectively inhibited growth of Pediococcus sp. in more than
10,000 times with respect to brewing yeast in a mixed culture. In the presence of 0.1mg ml chitosan in beer, no viable
cells of the thermoresistant strain Bacillus megaterium were detected. Nisin, chitosan and hops increased microbiological stability during storage of a local commercial beer inoculated with Lactobacillus plantarum or Pediococcus sp.
isolated from wort. Pulsed Electric Field (PEF) (8 kV/cm, 3 pulses) application enhanced antibacterial activity of nisin
and hops but not that of chitosan. The results herein obtained suggest that the use of these antimicrobial compounds
in isolation or in combination with PEF would be effective to control bacterial contamination during beer production and
storage.
Key words: beer spoilage bacteria, brewing yeast, natural antimicrobials, pulsed electric fields

RESUMEN
Exploración del uso de agentes antimicrobianos naturales y de campos eléctricos pulsantes para el control
de bacterias contaminantes durante el proceso de elaboración de cerveza. Diferentes antimicrobianos naturales disminuyeron la viabilidad de bacterias contaminantes aisladas en etapas críticas del proceso de producción
de cerveza. En un extracto de malta, el agregado de 1 mg/ml de quitosano y de 0,3 mg ml de lúpulo permitió reducir
la viabilidad de Escherichia coli a 0,7 y 0,1%, respectivamente, al cabo de 2 horas de incubación a 4 °C. El agregado
de 0,0002 mg/ml de nisina, 0,1 mg/ml de quitosano o de 0,3 mg/ml de lúpulo inhibió selectivamente (10.000 veces
más) el crecimiento de Pediococcus sp. respecto de la levadura de cerveza en un cultivo mixto. El agregado de
0,1 mg/ml de quitosano permitió disminuir la viabilidad de una cepa bacteriana termorresistente, Bacillus megaterium,
hasta niveles no detectables. Por otra parte, el agregado de nisina, quitosano y lúpulo aumentó la estabilidad
microbiológica durante el almacenamiento de cervezas inoculadas con Lactobacillus plantarum y Pediococcus sp.
aislados de mosto de cerveza. La aplicación de campos eléctricos pulsantes (CEP) (3 pulsos de 8kV/cm) aumentó
el efecto antimicrobiano de la nisina y del lúpulo, pero no el del quitosano. Los resultados obtenidos indicarían que
el uso de antimicrobianos naturales en forma individual o en combinación con CEP puede constituir un procedimiento
efectivo para el control de la contaminación bacteriana durante el proceso de elaboración y almacenamiento de la
cerveza.
Palabras clave: bacterias contaminantes de cerveza, levadura de cerveza, antimicrobianos naturales, campos
eléctricos pulsantes

INTRODUCTION
Beer is not a good environment for microbial growth
because ethanol and hop compounds levels can be high
enough to make beer bacteriostatic or bactericidal (26).
Furthermore, the low pH and lack of fermentable sugar
and oxygen inhibit growth of pathogenic and most nonpathogenic bacteria. Nevertheless, bacterial contaminants
can be traced along the whole brewing process and the

so-called beer spoilage microorganisms can cause an
increase in turbidity and unpleasant organoleptic changes
in beer through the elaboration and storage process (10).
Bacteria are commonly considered a minor problem
in the wort to be fermented provided that it is promptly
pitched. However, it has been established that coliforms
are able to continue their growth after yeast has begun to
multiply and the presence of their metabolic products in
beer can adversely modify its taste and aroma (19, 26).
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Another source of contamination usually comes from pitching yeast. Gram (-) genera and Lactic Acid Bacteria (LAB)
are frequently detected and they can be more than 1% of
the cell number of yeast inoculum (20). Brewing conditions naturally select for LAB and their growth causes
haze, acidity and unpleasant flavor changes in beer (32).
LAB are the major potential spoilage microorganisms in
beer at the fermentation stage. Their growth leads to a
beer with too much developed acid and off- flavors due to
diacetyl production (9). Finally, can or glass bottle filler
systems can be another possible contribution to beer contamination. At the brewery, fillers can be reservoirs of
sporulated thermotolerant bacteria such as Bacillus spp.
Conventional time-temperature combinations applied
during pasteurization are not effective in eliminating these
heat resistant microorganisms without affecting the organoleptic properties of beer or bottle integrity.
Natural antimicrobials have been shown to provide an
efficient way of reducing or eliminating bacterial contamination of beers (6, 22, 26). Among them, the heat-stable
peptide nisin has been used as an effective antimicrobial
agent against beer-spoilage LAB (21, 32). Like most
bacteriocins, it has a limited activity spectrum, being normally active against gram (+) but not against gram (-) bacteria, yeasts or molds (2, 8, 14). Nisin has no effect on
intact yeast due to specific cell wall proteins that prevent the bacteriocin access into the cytoplasmatic membrane (3).
Hops is one of the main beer components. Particularly, the a-acids (humulones) and their isomerization
products (isohumulones) confer flavor, bitterness, foam
stability and antimicrobial activity to the finished beer.
Studies on the antiseptic properties of hopped wort and
hop boiling products showed that these compounds are
specifically toxic for gram (+) bacteria (4, 28). It has been
reported that beer-spoiling LAB can possess a plasmidencoded hop resistance mechanism, HorA, which mediates an ATP-dependent efflux pump of hops that would
be a prerequisite for bacterial growth in beer (27).
Chitosan is a biopolymer derived from chitin deacetylation obtained mainly from crustaceous shells. The antimicrobial activity of chitosan and its derivatives is exerted
against different groups of bacteria and fungi (11, 17, 18,
29). Several mechanisms for the antimicrobial action of
chitosan have been reported (25, 29, 31). Among them, it
has been proposed that the positively charged amines of
this glucosamine polymer, could interact with the negatively charged residues of macromolecules (mainly proteins) on the cell surface of bacteria and fungi. Thus, a
layer that prevents the uptake of different substrates of the
medium, is formed (24). A selective antimicrobial activity
against LAB isolated during beer production has been previously reported in our laboratory (6).
On the other hand, Pulsed Electric Fields (PEF) have
the potential to replace or complement conventional thermal pasteurization methods by producing only a small
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increase in temperature and minimizing organoleptic
changes in foods. In particular, the application of PEF for
beer preservation could prevent excessive darkness and
overcooked flavor. It has also been reported that PEF treatment in the presence of nisin or hops can increase the
inactivation of Lactobacillus plantarum (34) and gram (-)
bacteria (13, 23, 33), therefore expanding their spectrum
of action. This could be explained by the proposed mechanisms of action of nisin, hops and PEF. For all of them,
the primary site of action is the cytoplasmic membrane
which alters its selective permeability and causes the
cessation of critical biosynthetic processes (22, 32, 34).
The overall objective of this work was to compare the
effectiveness of nisin, chitosan and hops, in isolation or
in combination with PEF. These effects were tested
against representative bacterial contaminants isolated at
various stages during actual brewing processes.

MATERIALS AND METHODS
Microorganisms and media
Lactobacillus plantarum and Pediococcus sp. were isolated
in a local microbrewery from an all malt-barley- extract wort [AME,
(10 °B, pH= 5.8 ± 0.1)] commonly used for beer lager production.
L. plantarum was grown in De Man, Rogosa and Sharpe (MRS)
broth (Biokar Diagnostics, France) and Pediococcus sp. in Briggs
tomato juice broth.
E. coli was isolated from an unpitched brewing wort and
grown in Luria-Bertani medium. Bacillus megaterium was isolated
from beer fillers. Both species were provided by a local industrial
brewery.
A commercial lager yeast strain of Saccharomyces cerevisiae
(“Lager 2247 European”, Wyeast Laboratories, Inc., Mt Hood,
OR 9704, USA) was provided by a local microbrewery. Yeast
cells were grown in Sabouraud broth plus yeast extract (0.5%
wt/vol). Media were solidified with 1.5% (wt/vol) agar when
required.
L. plantarum, E. coli, Pediococcus sp. and B. megaterium
were identified by morphological and biochemical tests; L.
plantarum identity was confirmed by the API 50CHL System
(bioMérieux, Marcy L'Étoile, France). Strains were maintained
in vials in the corresponding growth medium with 30% (wt/vol)
glycerol at –70 °C.
Commercial beer containing ca 16-18 ppm a-isoacids, was
locally acquired.
Assay for antimicrobial activity
Microbial inocula were grown in the appropriate liquid media
for 12 h at 28 °C (Pediococcus sp.) or at 37 °C (E. coli, B. megaterium and L. plantarum) and 18 h at 28 °C (yeast). Then, cells
were collected by centrifugation at 5,600 x g for 15 min (bacteria)
or 5 min (yeast), washed and suspended in the corresponding
medium (AME or beer) containing the antimicrobial agent.
After the assay, cell viability was assessed by spotting 20 µl
of an appropriate dilution in peptoned water (0.1% wt/vol) on
Petri dishes containing the corresponding solid medium for each
microorganism. Plates were incubated 24-48 h at 28 °C
(Pediococcus sp.) or 37 °C (L. plantarum, E. coli and B. megaterium) and 48-72 h at 28 °C (yeast). The viability of mixed bacteria/yeast samples was determined on Briggs tomato juice agar
with cycloheximide (50 mg/l) or in yeast extract glucose
chloramphenicol agar (YGC) (Biokar Diagnostics, France) to
select for bacteria and yeast respectively.
Results were expressed as Colony Forming Units per ml
(CFU/ml).
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Antimicrobial agents
Pure nisin (Aplin & Barrett Ltd, UK) was generously provided
by AMG SRL, Argentina. A 0.25 mg/ml (10,000 UI/ml) stock
solution of nisin in distilled water at pH 4.5 was prepared and
maintained at –20 °C.
Chitosan (930 kDa) was a generous gift from Dr. F. Shahidi
(Memorial University of Newfoundland, Canada). A stock solution
of 1% (wt/vol) chitosan in 1% (vol/vol) acetic acid was freshly
prepared before using.
An isomerized hop extract Isohop (alkaline aqueous solution
of a-isoacids 30% wt/wt), was provided by Haas Hop Products
INC (USA) and maintained at 4 °C. Aliquots of adequate volumes
of the extract were added to wort, AME or beer, according to
supplier’s technical specifications to attain the desired concentration of hop extract.
Appropriate aliquots of the antimicrobials stock solutions were
added aseptically to the assay media. For each tested microorganism, a control experiment was set up, an equal concentration of cells were suspended in the solvent stock solution but
with no antimicrobial added and similarly incubated.
PEF were carried out using a Gene Pulser II system (BioRad). Aliquots of 400 µl of the bacterial suspensions were
withdrawn into 0.2-cm electrode gap electroporation cuvettes
(Bio-Rad Laboratories, 2000 Alfred Novel Drive, Hercules, CA
94547) and 3 pulses of an electric field intensity of 8 kV/cm-1
(50 µF capacitance) were applied. PEF conditions were established according to previous results from our laboratory (data
not shown) in order to obtain a sublethal effect on the microorganism studied. After pulsing, samples were immediately
placed in ice water, and analyzed within 1 hour.
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Figure 1. Inhibitory effect of (A) chitosan and (B) hops on E. coli
viability during incubation in AME at 4 °C. Data are expressed as
mean ± SD (n = 3).

RESULTS AND DISCUSSION
1. Effect of the antimicrobials on a bacterial
contaminant isolated from unpitched wort
The inhibitory effect of chitosan and hops in isolation
or in combination with PEF on a E. coli strain was studied. The antimicrobial effect of the compounds tested was
determined after different contact times with bacterial cells.
Figure 1A shows that the highest concentration of chitosan
assayed (1 mg/ml), caused a 2 logarithmic cycle reduction (0.7% survival) after two hours incubation in AME at
4 °C, while no viable cells were detected after 72 and 96
h. These results indicate that a significant antibacterial
effect of chitosan on E. coli at concentrations as high as
106 CFU/ml, could be achieved after a short contact time.
Simultaneous PEF application did not improve the inhibitory effect of chitosan (data not shown).
Figure 1B shows the antimicrobial effect of hops up to
0.3 mg/ml on E. coli cells after different periods of incubation. As can be seen, independently of contact times,
viability decreased by 1 logarithmic cycle in the presence
of 0.003 mg/ml hops, while a 3 logarithmic cycle reduction (ca. 0.1-0.2% survival) was observed in media containing 0.3 mg/ml hops. PEF treatment in the presence of
0.3 mg/ml hops, increased viability reduction by up to 4
logarithmic cycles as it is shown in Table 1.
Ulmer et al. (34) informed that PEF application increased the inhibitory action of hops on a gram (+) beer
spoiling strain of L. plantarum. In our experiments, we
found a similar result when studying a gram (-) bacteria,
reported as more resistant to antimicrobial treatments (28).

Table 1. Effect of PEF on antimicrobial activity of hops on E.
coli after 2 h incubation in AME at 4 °C.
log (CFU/ml)(1)

Hops (mg/ml)
-PEF
0.0000
0.0003
0.0030
0.0300
0.3000

5.4 ± 0.4
5.3 ± 0.5
4.2 ± 0.6
4.2 ± 0.4
2.3 ± 0.3

+PEF
(0.0)(2)
(0.1)
(1.2)
(1.2)
(3.1)

2.4 ± 0.3
2.3 ± 0.4
2.2 ± 0.6
1.5 ± 0.2
1.0 ± 0.2

(3.0)
(3.1)
(3.2)
(3.9)
(4.4)

(1)

Data are the average of at least three separate experiments ± standard
deviation.
(2)
Data between brackets represent the number in logarithmic cycles
reduction.

These facts can be explained considering that the site of
action of both hops and PEF is located on the cell membrane (7, 16), improving the cell uptake of hops. In this way,
PEF application could allow the reduction of MIC of hops.
Taken together, these results indicate that the antimicrobial agents tested could prevent contamination of the brewing wort if it has to be stored before boiling. In the presence
of hops 0.03 mg/ml or higher, PEF application significantly
increased its antimicrobial activity. Moreover, as hops and
chitosan are thermostable, they can maintain their antibacterial activity even after wort boiling. This provides some
protection against bacterial contamination during the brewing process as reported for nisin by Ogden et al. (22).
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2. Addition of natural antimicrobial compounds
during fermentation
As LAB strains are usually present along with yeast
cells during the fermentation process, it seemed worthwhile to investigate the inhibitory effect of variable concentrations of nisin, chitosan or hops on a mixed culture
of Pediococcus sp. and a lager yeast strain inoculated in
AME, to test if these compounds could be used to control
bacterial contamination during brewing.
Figure 2A shows that in the presence of 0.0002 mg/ml
nisin after 2 h incubation, Pediococcus sp. viable cells were
not detected; comparatively, a reduction of only about 1
log cycle was observed for S. cerevisiae strain.
Similar results were obtained in the presence of chitosan. Figure 2B shows a higher resistance to chitosan
of yeast cells with respect to Pediococcus strain tested,
after 2 h incubation. Chitosan at 0.1 mg/ml reduced
Pediococcus sp. viability significantly (3 log cycles)
whereas yeast viability was unaffected. At the highest
chitosan concentration tested, no viable bacterial cells
were detected and yeast viability decreased by less than
2 log cycles. Moreover, previous results from our laboratory had shown that 0.1 mg/ml chitosan selectively inhibited Pediococcus sp. without significantly affecting yeast
viability during 100 hours fermentation. Besides, it was
found that pH values, ethanol content and main organoleptic properties of beer remained unchanged in the presence of chitosan (6). These results taken together indicate that chitosan can be an important tool to control contamination during brewing. In this context, polycation could
be employed as a remedial agent to avoid bacterial spoilage of beer. Moreover, the use of chitosan in a fermenting brew which rapidly decreased pH values (to 4.5 ± 0.1
units) is recommended due to the increase of its antibacterial activity in acidic conditions (6, 12). The same would
apply for nisin because an acidic pH positively affects its
solubility and antimicrobial activity (32).
In the presence of hop extracts (Figure 2C), a similar
selective inhibitory trend was observed. At the highest
hop concentration assayed (0.3 mg/ml) no significant
decrease in yeast viability was observed but Pediococcus
viability was reduced approximately by 2 logarithmic cycles. The selection of hop-resistant LAB and yeasts strains
along the beer production process can give account of
these results as hops is a normal component of beer worts.
The antibacterial effect of PEF was not studied at the
brewing stage, as yeast would be more seriously affected
than bacterial cells by merely considering the greater size
of yeast cells (1, 5, 35).
Our results showed that chitosan (0.1 mg/ml), nisin
(0.0002 mg/ml) or hops at typical addition levels allowed
in beer (32), would effectively control frequent contaminating genera during the brewing process. Thus, bacterial cells at levels of 104 CFU/ml could be controlled without significantly affecting yeast viability. As demonstrated
for chitosan (6), the use of nisin seemed not to affect the
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Figure 2. Inhibitory effect of (A) nisin (B) chitosan and (C) hops
on the viability of Pediococcus sp. and S. cerevisiae “lager” in
AME after 2 h contact at 4 °C. Data are expressed as mean
± SD (n = 3).

fermentative capacity of yeast nor the beer flavor as already reported (22).
3. Effect of antimicrobial treatments on sporulated
bacteria isolated during the bottling process
It has been established that bacterial spores are not
only highly resistant to heat but also to electric treatments
(30, 36). The effect of nisin, chitosan or hop extracts with
and without PEF application on the viability of sporulated
cells of B. megaterium, previously isolated from the filler
system of an industrial brewery, was studied.
A beer containing variable concentrations of added
nisin, chitosan or hops and maintained at a pasteurization temperature of 60 °C for 30 min, was inoculated with
a B. megaterium sporulated culture (@ 1.104 to 5.104 CFU/
ml). Then, PEF treatment was applied when indicated.
Figure 3A shows the effect of variable nisin concentrations with and without PEF application on cell viability. It
can be seen that neither nisin nor PEF single treatments
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were effective. PEF application in the presence of 0.001
mg/ml nisin or higher, increased the inhibitory effect of
the electric treatment by an additional reduction of one
log cycle. The maximum viability reduction (2 log cycles)
was achieved with PEF application in the presence of
0.01 mg/ml nisin. A synergistic effect between nisin and
PEF application was observed. A similar result was reported by Pol et al (23) on a B. cereus laboratory strain
subjected to the same treatments in a saline solution and
by Terebiznik et al for a non sporulated gram negative
bacterium in simulated milk ultrafiltrate (33).
Figure 3B suggests that chitosan can be an effective
antimicrobial agent against B. megaterium cells. The B.
megaterium viability decreased by more than 2 logarithmic cycles in the presence of 0.01mg/ml chitosan or
higher. Application of PEF did not improve bactericidal
effect of chitosan.
Hop extract exerted an effective inhibitory effect on B.
megaterium as can be seen in Figure 3C. Addition of 0.03
mg/ml hops reduced the viability by more than 2 logarithmic cycles with no additional effect of PEF. When PEF
was applied in the presence of 0.3 mg/ml hops, no viable
cells were detected indicating a synergistic effect under
the assayed conditions. As we observed for nisin, these
findings are consistent with the notion that hops acts on
the cytoplasmic membrane (34).
As nisin and chitosan are heat-stable, they could be
added to beer before pasteurization in order to reduce
the time and/or temperature of treatment, so as to minimize changes in organoleptic properties and the risk of
bottle shattering.
4. Microbiological stability of inoculated beer
during storage
Taking into account the previous results, the effect of
added nisin (0.0001 mg/ml), chitosan (0.1 mg/ml) or hops

Figure 3. Inhibitory effect of (A) nisin, (B) chitosan and (C) hops
on the viability of B. megaterium in beer at 60 °C, with or without
PEF application

Figure 4. Survival of Pediococcus sp. (106 CFU/ml) in beer without any treatment
(None) and in the beer treated with 0.0001 mg/ml nisin, 0.1 mg/ml chitosan, 0.03
mg/ml hops, PEF, nisin+PEF and hops+ PEF, during 50 days of storage at 25 °C.
The results were expressed as the survival fraction (N/No) where N is the number
of CFU/ml at 3, 7, 28 or 50 days and No is the initial number of CFU/ml.
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(0.03 mg/ml) on the viability of Pediococcus sp. (106 CFU/
ml) in a commercial beer, was studied. The effect of PEF
treatment in the presence of nisin and hops was also examined.
Inoculated beer was maintained at 25 °C for up to 50
days. Samples were withdrawn at 3, 7, 28 and 50 days
and assayed for viability. As it is shown in Figure 4, the
addition of the antimicrobial compounds increased the
bactericidal effect on Pediococcus sp. in beer. In the presence of hops or nisin, no bacterial viable cells were detected after 28 days storage. Comparable values of cell
viability were attained in the presence of chitosan on the
50th day. PEF was applied under mild conditions so that
no additional antibacterial effect on bacterial viability compared to control beer was obtained. Nevertheless, PEF
treatment increased the antimicrobial effect of nisin or
hops. Among the antibacterial treatments used, hops –or
nisin– PEF combinations were the most effective in increasing the shelf-life of beer heavily inoculated with
Pediococcus sp. Similar results were obtained when beer
was inoculated with L. plantarum isolated from a brewery
(data not shown). It is interesting to point out that viability
of contaminant bacteria could be reduced by 3 log cycles
within 3 days storage when this combination of antimicrobial treatments was applied. Thus, the relatively rapid
inactivation of LAB would prevent undesirable changes
in beer due to their metabolic activity. Under the experimental conditions, nisin and/or PEF treatments did not
alter the physical or organoleptic properties of beer.
PEF application did not improve the antimicrobial effect of chitosan (data not shown). On the other hand,
chitosan-treated samples developed a haze that was
easily removed from beer by filtration. Thus, this polycation
must be used in previous steps of the productive process.
These results suggest that antimicrobial treatments
could be used to increase the shelf-life of unpasteurized
beers or to complement the traditional pasteurization process. The synergistic antimicrobial effect found between
nisin or hops and PEF (see Figure 3A and 3C) opens
new possibilities for applying the hurdle concept as a
preservation method in beer production (15). On the
other hand, the synergistic effect of hops and PEF would
only be observed in beers with high content of hops aisoacids (> 0.016 mg/ml) as in the case of several commercial beers.
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