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Formation and resuscitation process of viable but non-culturable state of
foodborne pathogen Salmonella enteritidis
induced by sodium hypochlorite
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(Collage of Food Science and Food Health, Guangzhou City Polytechnic, Guangzhou 510640, China)

ABSTRACT: Objective To study the induction of Salmonella enteritidis into a viable but non-culturable state
(VBNC) by sodium hypochlorite solution with different available chlorine concentrations and the resuscitation
conditions. Methods The Salmonella enteritidis was treated with sodium hypochlorite with different concentrations
of available chlorine to analyze the changes of the viable non-culturable state bacteria count and the incidence of
VBNC of Salmonella enteritidis, and the morphological differences between VBNC state cells was observed and
normal cells of Salmonella enteritidis combined with the scanning electron microscope, and then the resuscitation
effects of different resuscitation conditions were compared, and the physiological activity of the cells after

resuscitation was evaluated. Results After treatment with 40 mg/L available chlorine for 20 min, all the viable

BEWE: | RS FEATE S A E KRB F(2019GKQNCX083) ™A R A4 I ACF & ME KBS H (2018GkQN CX074), [~
AT PO 22 B R BA - 4 8 3% 5 40 AR HOF 121 BA

Fund: Supported by the Provincial Key Platforms and Major Scientific Research Projects of Guangdong Universities (2019GKQNCX083)
*EEEE: H, ML, DTG, FEMIT O R EYIHR . E-mail: 23024458@qq.com

*Corresponding author: DONG Lei, Ph.D, Assistant Professor, Collage of Food Science and Food Health, Guangzhou City Polytechnic,
Guangzhou 510640, China. E-mail: 23024458@qq.com



55 14 3]

EA, G5 WHBRINE T 201 B 11 v] B 3R AT B A 5 RS 5547

bacteria entered the VBNC state and the cell surface became wrinkled and collapsed, more than 60 mg/L effective

chlorine concentration could kill all, cell fractured damaged. Salmonella enteritidis entering the VBNC state could be

cultured under 5 kinds of resuscitation treatments. The recovery was better under the condition of 20 mmol/L sodium

pyruvatexheat shock. PHi and intracellular ATP showed a decrease in cell activity compared with normal cells after

resuscitation. Conclusion

In food production and environmental cleaning, attention should be paid to the

concentration of sodium hypochlorite, otherwise it is easy to cause the formation and recovery of VBNC state of

Salmonella enteritidis, leading to food contamination and thereby increasing food safety risks.

KEY WORDS: sodium hypochlorite; Salmonella enteritidis; viable but non-culturable state; resuscitation
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VBNC) & 4l B A7 16 1) — P AR IR BIROIR S, 7R X — IR,
N RENEHTAN R A B0, WIS S n] 7 S AL 36 R R a3
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% 4 °CT, 8000 r/min #.0> 3 min J&5, BFE LK I

o 4 4% (M:V)IL R R, 4% DING %1k
AT R T, FEPLEI 10 S, Falid.
1.3.3 VBNC &M 5V 1T K& 6 & 5%

$21.3.2 4b3, BUARGEREE 40 mg/L NaClO &4k
BRAOIA R VST TIRE B 10 mL, 4 °CTF 8000 r/min B5.0»
3min, BEFE LW, MESHREEEE 1 43 VBNC
BIHRWITRE, B4 3 MEE . iE AFTE 37 °CiR%
B 5%(150 t/min) 24 h,

Wga, RSO T, BT 44
HLARAA IR #7P AR EAR IR TATE R W] VBNC SR PTG
S V-BiN
1.3.4 B 3EMEIVITRE A E AN

133 4R 1 AR TRE VE 2 Ik, FE DL 1.3.1
TG R VT B, 43 S0 B AR VP T ER TR ) pHi R T —
4§42 (adenosine triphosphate, ATP),

(HZHHL P pH (pHi)I E
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Table 1 Resuscitation of Salmonella enteritidis in VBNC state

s AbFR 5 X
RO 40 mg/L NaClO ¥ 10 mL
R1 0.85% (V:V)4: #i$h 7K 10 mL
R2 % 20 mmol/L NERERENEY 0.85% (V:V)EHiEh /K 10 mL
R3 0.85% (V:V)/EHER K 10 mLx15 s 4L B (45 °C)
R4 0.85% (V:V)4: FEh /K 10 mLx30 s $A0kk 31

R5 2 20 mmol/L TN EAEZ 841 0.85% (V:V)AEFRER /K 10 mLx15 s #4310
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Changes of total bacterial count, viable count and culturable number of Salmonella enteritidis under different available chlorine

concentrations (a), VBNC state cell number and VBNC incidence rate (b) (n=3)
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Fig.2 External morphological changes of Salmonella enteritidis
treated with different available chlorine concentrations (x12000)
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Fig.3 Physiological changes of VBNC state Salmonella enteritidis under resuscitation treatment (n=3)
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