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Formation of Viable but Non—Culturable Cells of Harmful Beer—Spoilage

Pediococcus damnosus in Biofilms
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Abstract: Pediococcus damnosus (P. damnosus) is one of the most commonly-found beer-spoilage
bacteria in breweries. This study compared the ability of biofilm and planktonic cells of beer-spoilage
P. damnosus to enter a viable but putatively non-culturable (VBNC) state. Planktonic and biofilm
cells of five beer-spoilage P. damnosus were cultured at 26 °C in the lager beer. The results showed
that both biofilm and planktonic cells could be induced to enter the VBNC state, however, the
state-transition time was variable. It took a minimum of 70 days for the biofilm cells to enter the
VBNC state, while 126~189 days for the planktonic cells. The presence of VBNC cells in biofilms
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was further confirmed by PCR coupled with propidium monoazide pretreatment that amplified genes
16S rDNA and horA. In addition, the biofilm cells were more resistant to 0.025 mol/L NaOH
comparing to the planktonic cells, while the biofilm cells in the VBNC state showed more endurance
comparing to the planktonic cells under the same state. In conclusion, this study confirmed that in the
brewing process, compared to the planktonic cells, the biofilm of P. damnosus could be more easily
induced into VBNC state and had stronger tolerance to alkali under low pH, high concentration of
bitter hops, ethanol and other pressure conditions.

Keywords: beer-spoilage bacteria, Pediococcus damnosus, biofilm, viable but putatively

non-culturable state, resistance to NaOH
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Fig. 1 Effect of glucose concentration on biofilm

formation of five Pediococcus damnosus strains
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and planktonic cells

Magajna #l Schraft & 9, 25 25 it AT 1 A ) 1
JE 4 LA 4 CCHFFE A VBNC AR 25 1% 18 5 Lo 77 1 40
O EE R B VE A PMA Bk 22 VBNC 41
g $2 B DNA, B FlH PCR #7314 16S rDNA FlI
horA FEIK, JF%F BR AR 7= Wik 470y . @4 PCR 454
PMA FilAb By 14 16S rDNA I horA FEH | JE—0E
SET R AT B IR Y A TR R AR W w5 B Hh AE 7R VBNC AR

AN, AT RE TS YL, ULIET 3, horA FEREPEH]
2 TR 2 5 e T SO JE AR BT o HOA AR A
Z— o R BAHTHA 5Tk B 1% R S 2 o
T T W FL R TR 43 B bR A R 35 Y Be ) A TE R G
P51, Haakensen 55 A 4§ th, FI H horA VB A B 3E R 1)
Z H PCR 7 5000 48 7 43 125 40 0 W30S 5 2 e g J T
A R TR PR

1 2 3 4 5 M

2000 bp
1000 bp
750 bp
500 bp
250 bp
100 bp

2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

1 700 bp—»|

«—350 bp

(a) (b)
M:DS 2 000 DNA Marker; 1~5 435y ATCC29358 ATCC8043 ,
CN719 .CNOO4 F11 SAT,
3 SHREERKEEYWHEES horA (a)16S rDNA (b) &
B 45 SR
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Table 3 Resuscitation of VBNC Pediococcus damnosus cells by the addition of catalase
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Fig. 4 Resistance of VBNC Pediococcus damnosus CN004
for both biofilm and planktonic cells to 0.025 mol/L
NaOH
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