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Abstract: In this study, the induction and resuscitation of viable but non-culturable state (VBNC) of a typical hard-to-culture
beer-spoilage Lactobacillus acetotolerans were investigated. Lb. acetotolerans strain 2011-11 in the exponential growth phase was
repeatedly subcultured in degassed beer to reappear the survival situation in the actual beer brewing process, and the culturability on
MRS agar media was examined. The viable cells were monitored based on the DNA-binding fluorescent dye (SYTO-9 and PI) plus the
fluorescent microscopy assay and flow.cytometry technology. Moreover, the beer-spoilage ability of VBNC cells was determined. Secondly, the
effects of up shifting the temperature and adding the cytokine on resuscitation of VBNC state Lb. acetotolerans were observed. After 19
generations of culture in degassed beer, Lb. acetotolerans strain was found to be no longer detected on MRS agar despite the presence of major
viable cells appearing green fluorescence, indicating that a large population of Lb. acetotolerans 2011-11 cells had entered into the VBNC state.
Meanwhile, VBNC cells still exhibited the beer-spoilage ability. In addition, addition of catalase enabled cells to become culturable again
before plating the MRS agar under anaerobic incubation at 26 ‘C. Taken together, VBNC strain was successfully obtained from beer-spoilage
Lb. acetotolerans by the prolonged adaptation to beer. It was also shown that addition of catalase in the culture media was an effective
resuscitation method for the VBNC cells of Lb. acetotolerans strain.
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Fig.1 Standard curves of lactic acid (a) and acetic acid (b)
determination

A 2 mL 4b T IR VBNC RAH] Lb.
acetotolerans 2011-11 FFETEEREF#Y), 5000 r/min &0
20 min, F_ B, [FBEATEHIIA 50 uL W EERE
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Fig.3 Analysis of the VBNC state of Lb. acetotolerans 2011-11
by fluorescent microscopy (a) and flow cytometry (b)
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Fig.4 Evaluation of beer-spoilage ability of the standard and
VBNC Lb. acetotolerans 2011-11 using the traditional growth in
beer test
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Table 1 Effects of Lb. acetotolerans 2011-11 on the contents of organic acids

Bl Fik JLBRAF/(mg/L) RSD/% CB4A%/(mg/L) SD  RSD/%
CK - 63.12° 1.5 97.19% 05899 0.5
& + 319.53° 1.6 190.73° 0.6677 0.7
2011-11 \
VBNC  + 188.18° 1.5 171.86° 0.6321 06
ED 47 dERFEM; U RN, RPR—SIRRFEERTEEREF (p<0.05).
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2011-11 A BAFLE horA ZE[H, DA LKL DNA Ky
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Fig.5 Determination for presence of horA gene in Lb.
acetotolerans 2011-11
7&: M: DNA Marker(DS™2000); 1~3: aE#3KA 49 Lb.
acetotolerans 2011-11; 4~6: VBNC 4kZ#9 Lb. acetotolerans
2011-11.
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A, BUREHEFE 14 d J5 MRS PR ECHRREE K,
HE = IREE A
% 2 BREFHEAXT VBNC EE 7RIS
Table 2 Resuscitation of VBNC Lb. acetotolerans using
temperature upshift method

SGE/C BHEM MRS S

CK 0

20 1 -
25 2 -
30 3 -
35 4 -
37 5 -

VEDoa; BRARETRAEENE; < RLBARAK.
232 ARALE YT 008

Wk E AL A B AL FE S 1) VBNC BB AT T
MRS “FHR, 26 CHi7#Z) 6 d JaH LR ETE, HXTH
HAHFFARETR 14 d TREERAK (R 3) . KM,
s hnid S AL S B AT LA AE T VBNC IR Lb.
acetotolerans 2011-11 K& E Al FRIRES, HAARE
T THASIIMEIER 20 Okl 80 HUACFEAHAE S 7E MRS
SEAUESR 14 d JEREREKH, SR P AL
YpJF % VBNC JRZS Lb. acetotolerans 2011-11 FE 7576
AP

% 3 RIMAEMCFEMIERRT VBNC B & 781520
Table 3 Resuscitation of VBNC Lb. acetotolerans 2011-11 by

adding various compounds

Rty AmE MRS 5
CK 0 -
oki@ 20 10 uL -
otim 80 10 uL -
FERMNAE  1000U +
E O HRAEAK; < REEAK.

AN EBERE( VBNC IRZS Lb. acetotolerans fi&
IR RIS R R T REAE, 785 FUGE Al
o, SRARIG M Z BFAT B MU AR IR SRS RS
HERAERER. BEEENEEETER E, Sk
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