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ABSTRACT: To explore the "growth-inactivation-regrowth" ecological behavior of Listeria monocytogenes in food with
the change of food chain related conditions, this paper reviewed the influencing factors, model development and related
mechanisms of the ecological behavior of L. monocytogenes under the condition of thermal processing. It is found that in
the process of "growth-inactivation", the historical growth conditions of cells have an influence on their inactivation cha-
racteristics, while in the process of "inactivation-regrowth", the lag period of cells has been influenced by the historical
physiological state. Therefore, the growth and inactivation of L. monocytogenes in food should not be modeled as two
separate processes. It is necessary to study the ecological behavior of the cells during continuous changes in environmen-
tal conditions, with a view to providing support for food risk assessment and food safety.
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Tab.1 Inactivation mechanical model commonly used in the thermal inactivation of Listeria monocytogenes
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Fig.1 Factors influencing heat resistance of Listeria monocytogenes
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Fig. 2 Mechanism of damage or inactivation of Listeria monocytogenes during heat treatment



© 54 - 1 % T f&

2021 47 A

(HSPs )o X R 0F 8 T2l i K 2 80k
HBRE S, DI A S, Jfld S & 5
Ao sl ) Al DA 1) B 1 TR A B A BRI A7 05, [
X EEPR e IR A AT BEAE DNA B KT, 20 53
2, VL ARy 8 BRI AR E P 198 B o i AR R
RAEAERPY, NTEATE AR - AR 1Y
A AT S RS B Bl 2406 A7 35 A e 1E AR A 5 18 5
AT REPEAE T o

TEEE AN T30 FP SR R o 2 2 B AL A
FARE PR A Y 22 b 085 i SR TR e, X T AN TR B A
Jot AN T A ST P, B 2 R T T AR A A
3« ISLIS 32 P RME ST ML A5 AN FH TR o Ay Sl 42 )
B A FE YR, REER M 4, BHE
X BRI 2 TR TR A5 R S B PL AR B — P R R

4 L5iE

B BE PR I R TR 0 AR A AT N 5 A AR A
A PREE A OGP SRR U e T 5 K2
BT TR A W 00 A A B0 A PR I S B s PR
FAET, PR B A BE T U AT I A 0E 2 52 B3
B NNAERNR, B b Sy . i A S
BEAL BB FRAURARE N o AN, A2 I A AR R
S)n, FOER MR A R ReE (AR RIERT] | AR
) ARE R K E AR, H N e A A AR
I S EAL AP IE v R AT B TR BIE T 458

X AL 2 R T R 9 S AR P AR AT R T
FAERIARE, ST 2 STl A ZRTSEAE
ARG A PR WA MR S A AT, ORS
AP IR B . A A L A S
AEWAE N R, S AN ) B SR 5 T R 212 |
AR 20 2 55 JRE R 0T BRI 2 8 R T 9 A 54T D ad e
AR S R ) LR 3

SE 3k

[1] THOMAS J, GOVENDER N, MCCARTHY K M, et al.
Outbreak of Listeriosis in SouthAfrica Associated with
Processed Meat[J]. New England Journal of Medicine,
2020, 382: 632—643.

[2] VLoRAE, R, B, % SRR FLLE ST
T REAE S5 Y i S 2R T A e KU PP D], £
Bl2E, 2018, 39(23): 143—150
JIANG Rong-hua, DU Jian-ping, CUI Yang, et al.
Quantitative Risk Assessment of Cross-contamination of
Listeria  Monocytogenes during Low-Temperature
Emulsified Sausage Processing[J]. Food Science, 2018,
39(23): 143—150.

(3] TWk¥e. 2% ke T Y U AT 0 I R B It 2 R AR ) 4R
(M]. st R ESRHERE, 2019: 16—26.

[10]

[11]

[12]

[13]

[14]

FAN Zhang-ling. Preliminary Study on the Epidemio-
logical Clinical and Etiological Characteristics of Liste-
ria Monocytogenes[M]. Beijing: Chinese Academy of
Medical Sciences, 2019: 16—26.

DOYLE M E, MAZZOTTA A S, WANG T, et al. Heat
Resistance of Listeria Monocytogenes[J]. Journal of
Food Protection 2001, 64(3): 410—429.

HARTER E, WAGNER E M, ZAISER A, et al. Stress
Survival Islet 2, Predominantly Present in Listeria Mo-
nocytogenes Strains of Sequence Type 121, is Involved
in the Alkaline and Oxidative Stress Responses[J]. Ap-
plied & Environmental Microbiology, 2017, 83(16):
827—842.

WANG X, DEVLIEGHERE F, GEERAERD A, et al.
Thermal Inactivation and Sublethal Injury Kinetics of
Salmonella Enterica and Listeria Monocytogenes in
Broth Versus Agar Surface[J]. International Journal of
Food Microbiology, 2017, 243: 70—77.

ATES M B, RODE T M, SKIPNES D, et al. Survival of
Sublethally Injured Listeria in Model Soup after Non-
isothermal Heat and High-Pressure Treatments[J]. Eu-
ropean Food Research & Technology, 2016, 243(6):
1—8.

YOSHIKO NAKAURA, KAZUYA M, er al. Listeria
Monocytogenes Cells Injured by High Hydrostatic
Pressure and Their Recovery in Nutrient-Rich or-Free
Medium during Cold Storage[J]. High Pressure Re-
search, 2019, 39(2): 324—333.

MORIMATSU K, INAOKA T, NAKAURA Y, et al.
Injury and Recovery of Escherichia Coli Cells in Phos-
phate-Buffered Saline after High Hydrostatic Pressure
Treatment[J]. Food Science and Technology Research,
2019, 25(3): 479—484.

METSELAAR K I, ABEE T, ZWIETERING M H.
Modeling and Validation of the Ecological Behavior of
Wild-Type Listeria Monocytogenes and Stress- Resis-
tant Variants[J]. Applied & Environmental Microbiolo-
gy, 2016, 82(17): 53—89.

BRGS0 307 BT A= J PREIASE Y 0y B 5 e [J]. R
R B 24, 2018, 25(3): 92—95.

LIU Shan-na. Research Progress of Growth Prediction
Model of Listeria Monocytogenes[J]. Journal of Tianjin
Agricultural College, 2018, 25(3): 92—95.

ZHU Mei-jun, SONG Xia, SHEN Xiao-ye, et al. Liste-
ria Monocytogenes in Almond Meal: Desiccation Sta-
bility and Isothermal Inactivation[J]. Frontiers in Mi-
crobiology, 2020, 11: 16—89.

KIM C, ALREFAEI R, BUSHLAIBI M, et al. Influence
of Growth Temperature on Thermal Tolerance of Lead-
ing Foodborne Pathogens[J]. Food Science & Nutrition,
2019, 7(12): 4027—4036.

LI Rui, XIAO xi, ZHANG Li-hui, et al. Inactivation
Kinetics of Food-Borne Pathogens Subjected to Thermal

Treatments: A Review[J]. Int J Hyperthermia, 2018,



a2k 13

REIFAE PN T A AT B B A R WL 5 B .55 -

[15]

[20]

(23]

(24]

(27]

34(2): 177—188.
GEERAERD A H, HERREMANS C H, IMPE J. Struc-
tural Model Requirements to Describe Microbial Inac-
tivation during a Mild Heat Treatment[J]. International
Journal of Food Microbiology, 2000, 59(3): 185—209.
ALBERT I, MAFART P. A Modified Weibull Model for
Bacterial Inactivation[J]. International Journal of Food
Microbiology, 2005, 100(1): 197—211.
BOEKEL M. On the Use of the Weibull Model to De-
scribe Thermal Inactivation of Microbial Vegetative
Cells[J]. International Journal of Food Microbiology,
2002, 74(1): 139—159.
BIGELOW W D. The Logarithmic Nature of Thermal
Death Time Curves[J]. Journal of Infectious Diseases,
1921, 29(5): 528—536.
FARBER J M, PAGOTTO F. The Effect of Acid Shock
on the Heat Resistance of Listeria Monocytogenes[J].
Letters in Applied Microbiology, 1992, 15(5): 197—
201.
DUFORT E L, JONATHAN S, ETZEL M R, et al. Inac-
tivation Kinetics of Pathogens during Thermal
Processing in Acidified Broth and Tomato Purée (pH
4.5)[J]. Journal of Food Protection, 2017, 80(12):
2014—2021.
SIBANDA T, BUYS E M. Modelling the Survival of
Listeria Monocytogenes Strains in Soft Lactic Cheese
Following Acid and Salt Stress Exposures[J]. Letters in
Applied Microbiology, 2019, 69(4): 230—236.
HIHEZE, ER0, 220M, 55, &M BO6m R kAL 5
PETE AR W RS AL T i BF SR B R (0], AR LR
2, 2020, 36(11): 99—109.
TIAN Shi-hong, WANG Xiang, LI Hong-mei, et al. Re-
search Progress of Strain Variability of Foodborne Pa-
thogenic Bacteria in Microbial Risk Assessment[J].
Chinese Journal of Biological 2020,
36(11): 99—1009.
ARYANI D C, DEN BESTEN HM W, HAZELEGER W
C, et al. Quantifying Variability on Thermal Resistance

Engineering,

of Listeria Monocytogenes[J]. International Journal of
Food Microbiology 2015, 193: 130—138.

CEBRIAN G, CONDON S, MANAS P. Physiology of
the Inactivation of Vegetative Bacteria by Thermal
Treatments: Mode of Action, Influence of Environmen-
tal Factors and Inactivation Kinetics[J]. Foods, 2017,
6(12): 107.

KIM C. Influence of Prior PH and Thermal Stresses on
Thermal Tolerance of Foodborne Pathogens[J]. Food
Science & Nutrition, 2019, 7(6): 2033—2042.

YPAB C, YAN Z A, JHCAB C, et al. Inactivation of
Listeria Monocytogenes at Various Growth Tempera-
tures by Ultrasound Pretreatment and Cold Plas-
ma-Science Direct[J]. LWT, 2020, 118: 108635.

ARy, WiE, ERFE, 55 Fes sl sh St 3
WA {715 S Listeria monocytogenes IV i#5& W [J/OL].

[30]

[31]

[33]

[34]

[37]

& & B, 2021 1—19. https://kns.cnki.net/kcms/
detail/11.2206.TS.20210205.1748.08 1 .html.

MA Hua-wei, GAN Hui, WANG Yuan-yuan, et al. Stress
Adaptation of Listeria Monocytogenes Induced by Dy-
namic Low-heat Treatment of Tilapia Skin [J/OL]. Food
science, 2021: 1—19. https://kns.cnki. net/kems/detail/
11.2206.7S.20210205.1748.081.html.

CASADEI M A, MATOS R E D, HARRISON S T, et al.
Heat Resistance of Listeria Monocytogenes in Dairy
Products as Affected by the Growth Medium[J]. Journal
of Applied Microbiology, 2010, 84(2): 234—239.
MAZZOTTA A S. Thermal Inactivation of Statio-
and Acid-Adapted Escherichia Coli
O157:H7, Salmonella and Listeria Monocytogenes in
Fruit Juices[J]. Journal of Food Protection, 2001, 64(3):
3—15.

VAN A E D, ZWIETERING M H. A Systematic Ap-
proach to Determine Global Thermal Inactivation Para-

nary-Phase

meters for Various Food Pathogens[J]. International
Journal of Food Microbiology, 2006, 107(1): 73—82.
R, PR, BUE, A IR EERER S X =00
Hh B 2 R TR R TR IS R[], B T, 2018,
39(12): 50—53.

LI Chang-cheng, BAI Wei-juan, JIA Zhen, et al. Effects
of Temperature and Salt Content on Thermal Inactiva-
tion of Listeria Monocytogenes in Salmon[J]. Food In-
dustry, 2018, 39(12): 50—53.

GARRE A, GA GONZALEZ-TEJEDOR, AZNAR A, et
al. Mathematical Modelling of the Stress Resistance
Induced in Listeria Monocytogenes during Dynamic,
Mild Heat Treatments[J]. Food Microbiology, 2019, 84:
103238.

BEVILACQUA A, PETRUZZI L, SINIGAGLIA M, et
al. Effect of Physical and Chemical Treatments on Via-
bility, Sub-
Components from Bacillus Clausii and Bacillus Coagu-
lans Spores and Cells[J]. Foods, 2020, 9(12): 1—12.
BANNENBERG J W, ABEE T, ZWIETERING M H, et
al. Variability in Lag Duration of Listeria Monocyto-

Lethal Injury and Release of Cellular

genes Strains in Half Fraser Enrichment Broth after
Stress Affects the Detection Efficacy Using the ISO
11290-1 Method[J]. International Journal of Food Mi-
crobiology, 2021, 337: 108914.

XUAN Xiao-ting, DING Tian, LI Jiao, et al. Estimation
of Growth Parameters of Listeria Monocytogenes after
Sublethal Heat and Slightly Acidic Electrolyzed Water
(SAEW) Treatment[J]. Food Control, 2017, 71: 17—25.
FANG Tai-song, WU Yu-fan, XIE Ya-ni, et al. Inactiva-
tion and Subsequent Growth Kinetics of Listeria Mono-
cytogenes after Various Mild Bactericidal Treatments[J].
Frontiers in Microbiology, 2021, 12: 646735.

LAN Lin-shu, ZHANG Ru, ZHANG Xiang-lian, et al.
Sublethal Injury and Recovery of Listeria Monocyto-
genes and Escherichia Coli O157:H7 after Exposure to



56

1 % T f&

2021 47 A

[38]

[41]

[42]

[44]

[45]

Slightly Acidic ELectrolyzed Water-Science Direct[J].
Food Control, 2019, 106: 106746.

HANSEN T B, KN C S. Factors Influencing Resuscita-
tion and Growth of Heat Injured Listeria Monocyto-
genes 13-249 in Sous Vide Cooked Beef[J]. Internation-
al Journal of Food Microbiology, 2001, 63(1): 135—
147.

HGEE, TR, XUARLL. £ v e 4 f g 2 i
FRIE AT oT ik B [T]. B REH#, 2015, 36(3): 280—284.
XUAN Xiao-ting, DING Tian, LIU Dong-hong. Re-
search progress on Listeria Monocytogenes in Food[J].
Food Science, 2015, 36(3): 280—284.

YUE Si-yuan, LIU Yang-tai, WANG Xiang, et al. Mod-
eling the Effects of the Preculture Temperature on the
Lag Phase of Listeria Monocytogenes at 25 °C[J]. Jour-
nal of Food Protection, 2019, 82(12): 2100—2107.

WU V. A Review of Microbial Injury and Recovery
Methods in  Food[J]. 2008,
25(6): 735—744.

SILVA-ANGULO A B, ZANINI S F, RODRIGO D, et

al. Growth Kinetics of Listeria Innocua and Listeria

Food Microbiology,

Monocytogenes under Exposure to Carvacrol and the
Occurrence of Sublethal Damage[J]. Food Control,
2014, 37: 336—342.

MUNOZ M, GUEVARA L, PALOP A, et al. Prediction
of Time to Growth of Listeria Monocytogenes Using
Monte Carlo Simulation or Regression Analysis, Influ-
enced by Sublethal Heat and Recovery Conditions[J].
Food Microbiology, 2010, 27(4): 468—475.

MREEA, J7 KRS, SmmN, 4. R BN e & o T
o O B T R R A (D], AL TR, 2020,
41(21): 10—19.

LIN Zi-jie, FANG Tai-song, HU Li-li, et al. Research
Progress on Application of Chlorinated Fungicides in
Food Processing and Antibacterial Modeling[J]. Pack-
aging Engineering, 2020, 41(21): 10—19.

GABRIEL A A, NAKANO H. Influences of Simultane-
ous Physicochemical Stress Exposures on Injury and
Subsequent Responses of £ coli O157:H7 to Resuscita-
tive and Inactivative Challenges[J]. International Jour-
nal of Food Microbiology, 2010, 139(3): 182—192.
CEBRIAN G, CONDON S, MANAS P. Heat Resistance,
Membrane Fluidity and Sublethal Damage in Staphylo-
coccus Aureus Cells Grown at Different Tempera-
tures[J]. International Journal of Food Microbiology,
2018, 289: 49—56.

[47]

[52]

[54]

[56]

[57]

SMITH J L, BENEDICT R C, HAAS M, et al. Heat
Injury in Staphylococcus Aureus 196E: Protection by
Metabolizable and Non-Metabolizable Sugars and Po-
lyols[J]. Applied & Environmental Microbiology, 1983,
46(6): 1417—1419.

WANG Yan, HAO Fan, LU Wen-jie, et al. Enhanced
Thermal Stability of Lactic Acid Bacteria during Spray
Drying by Intracellular Accumulation of Calcium[J].
Journal of Food Engineering, 2020, 279: 109975.
TOMLINS R I, ORDAL Z J. Thermal Injury and Inac-
tivation in Vegetative Bacteria[J]. Society for Applied
Bacteriology Symposium Series, 1976, 5: 153—190.
RAY B. Sublethal Injury, Bacteriocins and Food Micro-
biology[J]. ASM News, 1993, 59: 285—291.

MARCEN M, RUIZ V, SERRANO M J, et al. Oxidative
Stress in E coli Cells upon Exposure to Heat Treat-
ments[J]. International Journal of Food Microbiology,
2017, 241: 198—205.

MARCEN M, CEBRIAN G, RUIZ-ARTIGA V, et al.
Protective Effect of Glutathione on Escherichia Coli
Cells upon Lethal Heat Stress[J]. Food Research Inter-
national, 2019, 121: 806—3811.

NGUYEN H T T, CORRY J E L, MILES C A. Heat
Resistance and Mechanism of Heat Inactivation in
Thermophilic Campylobacters[J]. Appl Environ Micro-
biol, 2006, 72(1): 908—913.

LI H, MERCER R, BEHR J, et al. Heat and Pressure
Resistance in Escherichia Coli Relates to Protein Fold-
ing and Aggregation[J]. Frontiers in Microbiology,
2020, 11: 1—12.

LI Jiao, SUO Yuan-jie, LIAO Xin-yu, et al. Analysis of
Staphylococcus Aureus Cell Viability, Sublethal Injury
and Death Induced by Synergistic Combination of Ul-
trasound and Mild Heat[J]. Ultrasonics Sonochemistry,
2017, 39: 101—110.

LYU Rui-ling, WANG Dan-li, ZOU Ming-ming, et al.
Analysis of Bacillus Cereus Cell Viability, Sublethal
Injury and Death Induced by Mild Thermal Treat-
ment[J]. Journal of Food Safety, 2019, 39(1): 125206.
MA Jing-jing, WANG Hu-hu, YU Lan-lin, et al. Dynamic
Self-Recovery of Injured Escherichia Coli O157:H7 In-
duced by High Pressure Processing[J]. LWT-Food
Science and Technology, 2019, 113: 108308.
MASAYUKI M, HIROKO F, KAORI N, et al. Molecu-
lar Strategy for Survival at a Critical High Temperature
in Eschierichia Coli[J]. PLOS ONE, 2011, 6(6): €¢20063.



