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Rapid detection of beer-spoilage lactic acid bacteria:
Modified hop-gradient agar with ethanol method

Lim Seok Hong1, Ji Hyeon Kim1, and Wang June Kim1,*
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Abstract Hop-resistant lactic acid bacteria (LAB) are well-known, major beer-spoilage bacteria. The hop-gradient agar
containing ethanol (c-HGA+E) method has been used to examine hop-resistance of beer-spoilage LAB. However, the
selection of beer-spoilage bacteria by the c-HGA+E method is either too selective or too inclusive. Furthermore, it is
accompanied by a complicated experimental procedure, high-cost and time. To overcome these disadvantages, the modified
hop-gradient agar with ethanol (m-HGA+E) method was developed. The most remarkable modifications were the shape
of the petri dish and the inoculation method for bacteria. The efficiency and validation of the m-HGA+E approach were
proven by the formation of colonies at different hop concentrations in the bottom layer, co-culture with the bacteriocin
producer and by PCR detection of hop-resistant genes. This study demonstrated that m-HGA+E is a rapid, economical,
and easy method to monitor potential hop-resistant beer-spoilage LAB during the beer brewing process.

Keywords: hop-gradient agar, beer, hop resistance, bacteriocin, beer-spoilage lactic acid bacteria

Introduction

Beer has a high microbial stability because of the presence of

ethanol (0.5-10% w/w), antibacterial bitter hop compounds

(approximately 0.0017-0.0055% of iso-α-acids), low pH (3.8-4.7),

low oxygen (<0.1 mg/L), negligible fermentable sugars, high

carbon dioxide content (approximately 0.5%, w/w), and the lack of

nutrients (Bunker, 1955). Wort boiling, filtration and cold

temperature storage also afford additional microbiological stability

to beer (Ahn et al., 2017). Nevertheless, a few microorganisms,

called beer-spoilage bacteria, can survive during brewing (Back,

2005; Garofalo et al., 2015; Suzuki et al., 2008). Lactic acid

bacteria (LAB) are estimated to account for 60-70% of beer-

spoilage (Garofalo et al., 2015; Rouse and van Sinderen, 2008;

Sakamoto and Konings, 2003). The growth of beer-spoilage

bacteria during the brewing process is a common issue in the

brewing industry, and it causes economic losses (Menz et al.,

2010).

Beer-spoilage bacteria include some LAB, acetic acid bacteria,

Megasphaera sp., and Pectinatus sp. (Deng et al., 2014). Among

the most frequently detected beer-spoilage LAB are Lactobacillus

brevis, Lb. lindneri and Pediococcus damnosus (Deng et al., 2014;

Hollerová and Kubizniaková, 2001; Menz et al., 2010; Rouse and

van Sinderen, 2008; Sakamoto and Konings, 2003; Thelen et al.,

2006). These beer-spoilage bacteria cause turbidity, off-flavours

(mainly due to lactic acid and diacetyl), over-acidification, haze

formation (Deng et al., 2014; Garofalo et al., 2015), and decreased

yield of ethanol in fermentation (Taskila et al., 2009).

To examine the beer-spoilage capability of a specific LAB

strain, advanced beer-spoiler detection (ABD) medium and

conventional hop-gradient agar containing ethanol (c-HGA+E)

have been used (Haakensen et al., 2009). These methods were

originally designed to determine the quantity of hops needed to

identify whether a specific strain is resistant or sensitive to that

particular hop concentration. However, these methods can confirm

the beer-spoilage ability of only a single strain, and it takes several

days to obtain the results (Deng et al., 2014; Suzuki et al., 2008;

Taskila et al., 2009).

In this study, we modified the c-HGA+E to allow simultaneous

isolation and confirmation of beer-spoilage bacteria and their

activity. By implementing these modifications, we could directly

isolate a single colony of hop-resistant LAB strains during the

brewing process and confirmed the hop resistance of the colony by

PCR-detection of the horA and horC genes. This method could be

directly used to monitor beer spoilage during brewing.

Materials and Methods

Bacterial strain and media

In this study, Lactobacillus brevis DF01, Lb. brevis KCTC 3498,

Lb. curvatus KCTC 3767, Lb. lindneri KCTC 5088, Lb.

plantarum KFRI 814, Lb. plantarum NCDO 955, Leuconostoc

citreum HW02, Pediococcus acidilactici HW01, P. damnosus

KCTC 3370, and P. pentosaceus KFRI 834 were used. P.

acidilactici HW01, which was isolated from malt (Ahn et al.,

2017), produces bacteriocin HW01 that showed strong antimicrobial

activity against P. damnosus KCTC 3370, a major beer-spoilage

bacterium (Ahn et al., 2017; Kang and Kim, 2010). Bacterial

strains were maintained in 50% glycerol stock at −80oC and were

*Corresponding author: Wang June Kim, Department of Food Sci-
ence and Biotechnology, College of Life Science and Biotechnology,
Goyang 10326, Republic of Korea
Tel: +82-31-961-5144
E-mail: wjkim@dongguk.edu
Received March 5, 2020; revised April 17, 2020;
accepted April 17, 2020



Rapid detection of beer-spoiler by m-HGA+E method 297

sub-cultured twice in de Man Rogosa Sharpe broth (MRS broth;

Difco Laboratories, Sparks, MD, USA) at the optimal temperature

(Table 1) for 24 h before use.

Evaluation of beer-spoilage bacterial strains in the c-HGA+E

plate

To select strains that are resistant or sensitive to hop compounds,

c-HGA+E plates were prepared according to the method described

by Haakensen et al. (2009). The bottom layer of c-HGA+E

contained 100 bitterness units (BU). One milliliter of an overnight

bacterial culture was poured onto a petri dish. The long, thin edge

of a sterile microscope slide was dipped into the cell culture and

pressed gently onto square c-HGA+E plates (10×10×1.5 cm3),

traversing the length of the hop-gradient, to create a solid line of

consistent bacterial inoculate (Fig. 1). The plates were sealed with

metal tape to prevent ethanol evaporation, and all plates were

inverted during incubation at 30oC for 36 h. The criterion for

sensitivity or resistance of the strain was the difference in growth

profiles (length of growth line) of cells that appeared on c-HGA+E

plates (Fig. 1).

The modified hop-gradient agar with ethanol (m-HGA+E)

plates

The bottom layer of the agar was made by pouring 17 mL of

MRS agar (pH 5.5) containing cycloheximide (500 μg/mL; Sigma-

Aldrich, St. Louis, MO, USA) to inhibit the growth of eumycetes

(Garofalo et al., 2015; Pattison et al., 1998), and hop extract

(Isohop®, 30% w/w iso-α-acid produced from carbon dioxide hop

extract; John I. Haas Inc., Washington, DC, USA) into a round

petri dish (85×14.2 mm2) inclined at 4.04o (Fig. 2). The degree of

angle was calculated by trigonometrical function and cylinder

volume formula. A hand-made sloping board was used to adjust

the angle of the round petri dish. The amount of hop extract was

determined based on the calculation on the manufacturer’s website.

The bottom layer contained 100 BU, which was optimal for

differentiating non-beer-spoilage bacteria from beer-spoilage

bacteria. Once the agar had solidified, the plate was placed on a

flat surface and an additional 17 mL of MRS top layer agar (pH

5.5) containing 500 μg/mL cycloheximide, but not containing hops,

was added. Both the top and bottom agar layers contained 5%

ethanol. The petri dishes were stored upside down in the

refrigerator at 4oC for 5 days to allow the diffusion of iso-α-acid

(Haakensen et al., 2009; Weinberg, 1959).

Each prepared sample of bacterial culture or spoiled beer sample

was appropriately diluted, and aliquots (0.1 mL) were immediately

spread on the m-HGA+E. The plates were incubated at 30oC for

24 h for evaluation of the beer-spoilage ability by colony

distribution. The presence of colonies in each part, positive (+)

Table 1. Bacterial strains and their culture conditions

Microorganism Temperature (oC)

Lactobacillus brevis KCTC 3498 30

Lactobacillus brevis DF01 30

Lactobacillus curvatus KCTC 3767 30

Lactobacillus lindneri KCTC 5088 30

Lactobacillus plantarum KFRI 814 37

Lactobacillus plantarum NCDO 955 37

Pediococcus acidilactici HW01 30

Leuconostoc citreum HW02 30

Pediococcus damnosus KCTC 3370 25

Pediococcus pentosaceus KFRI 834 37

1) The culture medium of all microorganisms is MRS.
2) NCDO, National Collection of Dairy Organisms; KCTC, Korean
Collection for Type Cultures
3) KFRI, Korea Food Research Institute; DF, HW, The name of the
discoverer of the bacteriocin producer

Fig. 1. Growth profiles of beer spoilage bacterial strains on control and c-HGA+E plates. The bitterness units (BU) level of the bottom
layer is 100 BU. Control did not contain hop extract. Control and HGA+E were incubated at 30oC for 36 h; (A), Lb. plantarum NCDO 955; (B),
Lb. plantarum KFRI 814; (C), Lb. curvatus KCTC 3767; (D), P. damnosus KCTC 3370; (E), P. pentosaceus KFRI 834; (F), Lb. lindneri KCTC
5088; (G), P. acidilactici HW01; (H), Leu.citreumHW02; (I), Lb. brevis KCTC 3498; (J), Lb. brevis DF01.
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part and negative (−) part, indicated beer-spoilage bacteria and

non-beer-spoilage bacteria, respectively (Fig. 2a). This method for

isolation of hop-resistant strains was termed the m-HGA+E

method.

Determination of hop amount in the bottom layer of

the agar of m-HGA+E

To determine the amount of hop extract in the bottom agar, m-

HGA+E plates with different BU levels (20, 40, 60, 80, and 100

BU/plate) were prepared. The feasibility of the m-HGA+E plate

was tested using P. damnosus KCTC 3370 (a spoilage strain) and

P. acidilactici HW01 (a non-spoilage strain). Each strain in MRS

broth was appropriately diluted. Aliquots (0.1 mL) were immediately

spread on the m-HGA+E containing different BU levels. The

plates were incubated at 30oC for 24 h.

Validation of the m-HGA+E method

Three beer-spoilage bacteria (P. damnosus KCTC 3370, Lb.

lindneri KCTC 5088, and Lb. brevis KCTC 3498) and two non-

beer-spoilage bacteria (P. acidilactici HW01 and Lb. plantarum

NCDO 955) were used in this study. The beer-spoilage ability of

the five strains was confirmed by the m-HGA+E method based on

the BU level determined in the previous experiment.

Confirmation of the m-HGA+E method by PCR of

hop-resistant genes DNA extraction

The five bacteria listed above were cultured in MRS broth for

24 h before experimental use (Table 1). The genomic DNA

(gDNA) was extracted by using the DNA Extraction from Food

and Feed kit (Kogenebiotech, Seoul, Korea), and the plasmid DNA

(pDNA) was extracted by using the Plasmid DNA Purification kit

(Intron Biotechnology, Seongnam, Korea) by following the

procedures described by the corresponding manufacturers. In brief,

harvested 3 mL of bacteria culture was resuspended by resuspension

buffer including RNase A solution. Lysis buffer and neutralization

buffer were added to resuspended cells sequentially. After

centrifugation, the supernatant was transferred promptly into the

column, then a washing buffer was added. After centrifugation, the

column was put into a clean and sterile centrifuge tube, then

distilled water was added to the upper reservoir of the column, and

it was centrifuged for 1 min.

Confirmation of horA and horC genes

The hop-resistant genes were amplified from the gDNA and

pDNA of five bacteria (P. damnosus KCTC 3370, Lb. lindneri

KCTC 5088, Lb. brevis KCTC 3498, P. acidilactici HW01, and

Lb. plantarum NCDO 955) by PCR using primers. The primers

and annealing temperature for horA and horC genes were based

on the sequence described by Suzuki et al. (2005) and are listed

in Table 2. General reaction mixtures for PCR analysis were

supplied as a kit (i-TaqTM DNA Polymerase, Intron Biotechnology,

Seongnam, Korea). The PCR mixtures amplified in a Bio-Rad

T100 Thermal Cycler (Bio-Rad Laboratories, Hercules, CA, USA)

using the recommended PCR conditions for i-TaqTM DNA

Polymerase kit. The PCR products and a 100-bp DNA ladder

(Intron Biotechnology, Seongnam, Korea) were separated by

electrophoresis on a 2% (w/v) agarose gel (Lonza, Rockland, ME,

USA).

Co-culture of bacteriocin producer and beer-spoilage

LAB for confirmation of m-HGA+E

To investigate whether the potential beer-spoilage LAB was

inhibited in the (+) part by bacteriocin producer (non-beer spoiler),

P. damnosus KCTC 3370 (beer spoiler) was co-cultivated with P.

acidilactici HW01 (bacteriocin producer). Both strains were cultured

in MRS broth for 24 h, centrifuged (19,461×g, 4oC, 15 min),

Fig. 2. Schematic view of m-HGA+E. a: Top view of m-HGA+E; growth of colonies in the positive part (+), presence of beer spoiler; growth
of colonies in the negative part (-), absence of beer spoiler. b: Side view of the m-HGA+E method.

Table 2. Primers for horA and horC genes

Gene Specific primers Nucleotide sequence Annealing temperature (oC)

horA
LbHC-1 5'-ATCCGGCGGTGGCAAATCA-3' 60

LbHC-2 5'-AATCGCCAATCGTTGGCG-3' 60

horC
AORF2F 5'-GTCAACGAAGACAAAGGAGCTCTC-3' 60

AORF2R 5'-GGGCGAACCGTGAACAAATAG-3' 60
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washed twice with distilled water, then re-suspended in MRS

broth. Each suspension was mixed, and the mixture was incubated

at 30oC for 24 h. The initial inoculums of the two strains were 107

CFU/mL. Every 2 h, the mixed culture was spread on the m-

HGA+E plate, and the presence or absence of colonies was

examined.

Detection of potential beer-spoilage LAB by using m-

HGA+E during beer fermentation

The hopped wort (20 BU) was prepared by mashing, filtration,

and wort boiling (Kim et al., 2016). P. damnosus KCTC 3370 was

cultured in MRS broth for 24 h before experimental use. Cultured

sample (2×109 CFU/mL) was obtained by centrifugation (19,461×g,

4oC, 15 min). The pellet was washed twice with distilled water and

re-suspended in hopped wort. The suspension was inoculated into

a glass bottle (Schott Duran, Munich Germany) containing the

hopped wort for fermentation. The initial count of beer spoiler in

the mixture was 10 cells/mL. Dried lager yeast (Saflager W-34/70,

Fermentis, Marcq-en-Baroeul, France) was pitched into a glass

bottle (Schott Duran, Germany) with the mixture (1 g/L) according

to the manufacturer’s recommendation. Primary fermentation was

conducted at 14oC for 10 days in an Erlenmeyer flask equipped

with an air-lock. At the end of primary fermentation, transparent

portions of young beer were carefully taken, transferred to brown

bottles, and secondary fermentation (maturation) was conducted at

4oC for 20 days (Kim et al., 2016). During fermentation, samples

were periodically removed to monitor the presence of potential

beer-spoilage bacteria by the m-HGA+E method (Fig. 3).

Results and Discussion

Three major processes of the c-HGA+E were modified. First,

the square petri dish (10×10×1.5 cm3, 150 mL) was replaced with

a round petri dish (8.5×1.42 cm3, 79.39 mL). Applying the round

petri dish reduced the amount of medium used per plate. Second,

in the inoculation method, beer-spoilage bacteria from spoiled beer

were spread at an appropriate dilution on m-HGA+E. This

difference allowed qualitative confirmation of beer-spoilage bacteria,

while simultaneously isolating hop-resistant strains. The presence

of beer-spoilage bacteria in beer could be confirmed as colonies

formed in the (+) part, while non-beer-spoilage bacteria could be

detected as colonies in the (−) part. Therefore, potential beer-

spoilage bacteria could be directly detected from the beer by m-

HGA+E.

Fig. 3. Analysis of beer spoilage LAB by m-HGA+E during
fermentation. Experimental strains were P. damnosus KCTC 3370
and P. acidilactici HW01.

Fig. 4. Colony distribution of hop-resistant and hop-sensitive

lactic acid bacteria on m-HGA+E according to different BU

levels in the bottom layer. Each cultured sample (2×109 CFU/mL)
of both strains was used by diluting 107-fold. Plates were incubated
at 30oC for 24 h. a: P. damnosus KCTC 3370. b: P. acidilactici
HW01.
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Evaluation of beer-spoilage bacterial strains and growth

conditions by the m-HGA+E plates

This experiment aimed to confirm the beer-spoilage ability of

bacteria in m-HGA+E at different BU levels. Among five different

BU levels (20, 40, 60, 80, and 100 BU), 100 BU was optimal for

differentiating beer-spoilage bacteria from non-beer-spoilage bacteria

(Fig. 4). For most commercial beers, the bitterness range was 20-

60 BU (Howard, 1968; Schönberger and Kostelecky, 2011), thus

m-HGA+E plate with 100 BU could detect highly hop-resistant

beer-spoilage LAB strains. Ten LAB strains listed in Table 1 are

frequently detected during brewing (Suzuki et al., 2006). P.

damnosus KCTC 3370, Lb. lindneri KCTC 5088, Lb. brevis

KCTC 3498, and Lb. brevis DF01 grew at a high hop concentration

in the c-HGA+E plate (Fig. 1), whereas P. acidilactici HW01, Leu.

citreum HW02, P. pentosaceus KFRI 834, Lb. curvatus KCTC

3767, Lb. plantarum NCDO 955, and Lb. plantarum KFRI 814

did not. This result indicated that P. damnosus KCTC 3370, Lb.

lindneri KCTC 5088, Lb. brevis KCTC 3498, and Lb. brevis DF01

could potentially be beer-spoilage bacterial strains (Haakensen et

al., 2009). The same results were obtained using ABD media,

which mimics the beer environment (Ahn et al., 2017; Kim et al.,

2016; Suzuki et al., 2005). However, the growth pattern of a

specific strain on c-HGA+E only indicates its potential spoilage

ability at a specific BU level, and it is impossible to obtain a

single strain from the spoiled beer because c-HGA+E method

could not detect single colony in the beer sample. Moreover, c-

HGA+E method also requires a large amount of medium due to

the large size of the square petri dish used.

Modified hop gradient agar

When the bottom layer was adjusted to 100 BU, m-HGA+E

was precisely divided into (+) and (−) parts (Fig. 2). Colonies of

potential beer-spoilage bacteria grew in both parts (+ and −) of the

plate, while the colonies of presumed non-beer-spoilage bacteria

were found exclusively in the (−) part. At 120 BU, non-beer

spoilers did not grow entirely in the (−) part. Therefore, 100 BU

was chosen over other BU levels (Fig. 4). P. damnosus KCTC

3370 (beer-spoilage bacterium) could grow up to 120 BU on the

whole m-HGA+E plate, while P. acidilactici HW01 (non-beer-

spoilage bacterium) did not grow when the BU level on m-

HGA+E was increased above 100 BU.

From the colony distribution of five bacteria, P. damnosus

KCTC 3370, Lb. brevis KCTC 3498, and Lb. lindneri KCTC

5088, in the (+) part, could be confirmed as beer-spoilage bacteria

(Fig. 5), and P. acidilactici HW01 and Lb. plantarum NCDO 955,

which only grew in the (−) part, could be confirmed as non-beer-

spoilage bacteria. This outcome was the same as the growth results

described by Ahn et al. (2017) in a beer environment (ABD

medium). In addition, similar pattern between these results (Table

3) and the validation experiment data (Table 4), as displayed in

Fig. 5, proved the applicability of the m-HGA+E method to other

beer-spoilage or non-beer-spoilage LAB.

An occasional appearance of colonies of non-beer-spoilage

bacteria (Figs. 4 and 5) in the (+) part of m-HGA+E probably

indicates that the hop diffusion is not perfect. This error of the (+)

part will be checked in a further study.

Identification of hop-resistant genes by PCR

The beer-spoilage ability differs from strain to strain even

though the species are the same (Suzuki et al., 2006). This

phenomenon is related to the presence of several hop-resistant

genes in bacteria. The beer-spoilage LAB have hop resistance

(Suzuki et al., 2006), and hop resistance genetic markers for these

bacteria are horA (Haakensen et al., 2007) and horC (Fujii et al.,

2005; Suzuki et al., 2005). These are commonly used to confirm

the hop resistance of the beer-spoilage LAB. In other words, the

Table 3. Determination of the bitterness units (BU) level in m-HGA+E

BU level
(bottom layer)

CFU in the positive part (+) of m-HGA+E

Pediococcus damnosus KCTC 3370 (beer spoiler) Pediococcus acidilactici HW01 (bacteriocin producer)

20 BU  95.3±0.9 92.7±1.5

40 BU  94.3±0.4 56.7±0.9

60 BU  91.7±0.9 49.7±0.9

80 BU  90.0±0.6 23.0±3.6

100 BU  88.7±0.8  3.3±2.0

120 BU  84.7±0.9  0.0±0.0

1) m-HGA+E was incubated at 30°C for 24 h.
2) Each cultured sample (2×109 CFU/mL) of both strains was used by diluting 107-fold.
3) Mean±standard deviation (n=3)

Table 4. Validation of m-HGA+E

Microorganisms

Positive part (+) of
m-HGA+E

CFU

Beer-spoilage bacteria

Pediococcus damnosus KCTC 3370 86.7±0.9

Lactobacillus brevis KCTC 3498 83.7±1.5

Lactobacillus lindneri KCTC 5088 86.3±1.2

Non-beer-spoilage bacteria

Pediococcus acidilactici HW01 0.3±0.3

Lactobacillus plantarum NCDO 955 0.7±0.7

1) Mean±standard deviation (n=3)
2) Each cultured sample (2×109 CFU/mL) of both strains was used by
diluting 107-fold.
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potential beer-spoilage ability can be confirmed by detecting the

hop-resistant genes (Menz et al., 2010; Suzuki et al., 2006; Wieme

et al., 2014).

The extracted DNA was analysed to confirm the presence of

hop-resistant genes (horA and horC). These genes (horA and

horC) were not detected in the gDNA of five bacteria (P. damnosus

KCTC 3370, Lb. lindneri KCTC 5088, Lb. brevis KCTC 3498, P.

acidilactici HW01, and Lb. plantarum NCDO 955) and in the

pDNA of two bacteria (P. acidilactici HW01 and Lb. plantarum

NCDO 955) by PCR analysis. However, hop-resistant genes were

detected in the pDNA of P. damnosus KCTC 3370, Lb. lindneri

KCTC 5088, and Lb. brevis KCTC 3498 (Fig. 6), similar to

several studies (Bergsveinson et al., 2012; Fujii et al., 2005;

Suzuki et al., 2004). By comparing the results of the identification

of hop-resistant genes (Fig. 6) with previous results of beer-

spoilage ability (Fig. 5), P. damnosus KCTC 3370, Lb. lindneri

KCTC 5088, and Lb. brevis KCTC 3498 were confirmed as

potential beer-spoilage bacteria.

Co-culture of bacteriocin producer and beer-spoilage

LAB for verification of m-HGA+E

This experiment was based on the principle that bacteriocin

producers (non-beer-spoilers) could reduce the number of spoilage

bacteria (Callewaert et al., 2000; Leroy et al., 2003). In the

previous experiment, P. damnosus KCTC 3370, a major beer-

spoilage bacterium, was inhibited by bacteriocin HW01 produced

by P. acidilactici HW01 (Ahn et al., 2017). P. damnosus KCTC

3370 was co-cultured with P. acidilactici HW01 in un-hopped

wort. To prevent carry-over of bacteriocin during co-culture,

bacterial pellets obtained by centrifugation were used. In previous

experiments, the bacteriocin activity of P. acidilactici HW01

started from 4 h and reached a maximum at 14 h (Ahn et al.,

2017). In Table 5, (+) part was observed up to 6 h, and growth in

Fig. 5. Validation of m-HGA+E. BU level in the bottom layer was 100 BU. Each cultured sample (2×109 CFU/mL) of five strains was used
by diluting 107-fold. Plates were incubated at 30oC for 24 h. a: P. damnosus KCTC 3370 (+). b: Lb. lindneri KCTC 5088 (+). c: Lb. brevis KCTC
3498 (+). d: P. acidilactici HW01 (-). e: Lb. plantarum NCDO 955 (-).

Fig. 6. Identification of horA, and horC genes in the plasmid
DNA of hop-resistant strains (Lb. brevis KCTC 3498, P.

damnosus KCTC 3370, and Lb. lindneri KCTC 5088). Plasmid
DNA extracted by using the plasmid DNA extraction kit was
subjected to polymerase chain reaction (PCR) using primers. The
PCR products (10 µL) were electrophoresed on 2% agarose gel.
Lane M: SiZerTM-100 DNA Marker (iNtRON Biotechnology).
Results of detection for horA gene are lanes 1-4; 1, Lb. brevis KCTC
3498; 2, P. damnosus KCTC 3370; 3, Lb. lindneri KCTC 5088; 4,
Non template control (NTC). Results of detection for horC gene are
lanes 5-8; 5, Lb. brevis KCTC 3498; 6, P. damnosus KCTC 3370; 7,
Lb. lindneri KCTC 5088; 8, Non template control (NTC).
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the (−) part occurred from 8 h. The reasons for inhibition from 8

h in the (+) part were that it took some time for the bacteriocin to

be produced and accumulate to an effective concentration. The

mode of action of bacteriocin HW01 could be either bactericidal

or bacteriolytic (Ahn et al., 2017). This result indicated that P.

damnosus KCTC 3370 (beer-spoiler) was inhibited by the bacteriocin

HW01 (non-beer-spoiler) during co-culture, ultimately preventing

its growth on the (+) part of m-HGA+E (Fig. 2a). Moreover, only

colonies of the non-beer-spoiler P. acidilactici HW01 were visible

in the (−) part of m-HGA+E. Therefore, potential beer-spoilage

LAB can only grow in the (+) part of m-HGA+E.

Detection of potential beer-spoilage LAB by m-HGA+E

during beer fermentation

The feasibility of m-HGA+E to detect spoilage bacteria was

evaluated during the beer-making process. P. damnosus KCTC

3370 (beer-spoilage bacterium) was spiked in hopped wort at a

low cell density (10 cells/mL) because even a low number of

spoilage bacteria cell can cause turbidity in beer (Steiner et al.,

2010). Aliquots of 0.1 mL were spread on the medium and

incubated. Thus, on average, only 1 cell existed per 0.1 mL aliquot

meaning a high possibility that some aliquots did not have any

cells. Based on these descriptions, it is hard to conclude that the

results in Table 6 for time 0 h were (+). However, even low levels

of P. damnosus KCTC 3370 can spoil beer, and the results show

that m-HGA+E can confirm potential beer-spoilage bacteria

because the bacteria are present from day 1 of beer fermentation

(Table 6). As a result, a beer spoiler was unambiguously detected

by m-HGA+E soon after fermentation started.

Conclusion

The c-HGA+E method can evaluate the beer-spoilage ability of

a single strain. However, all kinds of potential beer-spoilers could

be directly detected in the beer by the m-HGA+E method. In this

experiment, m-HGA+E was modified from c-HGA+E. The major

advantage of the proposed method is the ability to differentiate

non-beer-spoilage bacteria from beer-spoilage bacteria through

colony distribution obtained by spreading on m-HGA+E (round

petri-dish), which allows simultaneous detection of beer-spoilage

bacteria and identification of single hop-resistant strain through

colony distribution. Complex steps, experimental costs and experimental

time are also reduced through these modifications. The principle of

the m-HGA+E method was verified by the co-culture of

bacteriocin producer and beer-spoilage bacteria. Changes in colony

distribution during co-culture on m-HGA+E indicated that only

beer-spoilage bacteria could be detected in the (+) part. The

application of m-HGA+E in beer fermentation could unambiguously

distinguish potential spoilage bacteria from non-spoilage bacteria

during the beer-making process. From the collective results, m-

HGA+E is an easy, rapid, and reliable method to isolate

presumptive spoilage LAB during the beer-making process before

final confirmation by PCR analysis.
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