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Predictive microbiology is the research field of food microbiologists
who try to predict microorganism’s behavior in the food matrix with
employing mathematical models. The predictive food microbiology is a
diverse research field with various concepts and applications. Predictive
microbiology can be considered as a scientific branch of food microbiology
that tries to quantify the behavior of microbes in the food environment.
This quantitative evaluation can be done in the form of a mathematical
equation. A mathematical model is a description of a real system using
mathematical equations. The use of predictive microbiology models has a
long history in the fisheries and canning industries. In this regard,
describing the kinetics of bacterial death with the help of heat and
removing Clostridium botulinum is one of the common functions of these
models. Although the first predictive models were presented in the 20th
century, the great development of this research field has mainly been
occurred in the last decades with the emergence of computer software.
Various prediction models are able to predict the growth, inactivation and
growth probability of bacteria in food under diverse environmental
conditions. In this study, three main categories of predictive models
(primary, secondary, and tertiary models) are introduced, and the software
used in this field is also explained.
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Thermal Inactivation Model Prediction = Uncertainty
[ Static | Dynamic | [ Aw | NaCl ]
Clostridium botulinum (non- H
S Chart Data points
Phys.state 9.0e-1 .|
Temp (°C) 84.90 — 0
pH 55 —
Aw 0997 .
@
Max.rate (log.conc/h) -1.995 =) -5
D-value(Minutes) 30.073 Y
g
[Add prediction]
10
0 5 10 15 20
Time (h) _ 22 +

Clostridium botulinum g =S (sl » K Ll S, Giledlad o e -0 Ko
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—t Home Insert Page Layout Formulas C

GInaFiT =

Eigelow and Esty, 1920: Log-Linear Regression

Geeraerd et al.,, 2000: Log-Linear + Shoulder

-

Geeraerd et al,, 2000: Log-Linear = Tail

Geeraerd et al., 2000: Log-Linear = Shoulder + Tail
Mafart et al., 2002: Weibull

Mafart et al,, 2002: Weibull, Fixed p-parameter

= Albert and Mafart, 2005: Weibull + Tail

Coroller et al,, 2006: Double Weibull

Cerf, 1977: Biphasic Madel

Geeraerd et al,, 2005: Biphasic = Shoulder
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b =
10 10 i)
11 12 7
12 13 7.5
13 14 &
14 15 8
15 16 8.2
16 17 8.2
17

Ex:]

J...S‘ ‘h.‘\?u)é "4 MGlnaFlT 43}}5‘ JS ‘5‘-63—-\ JSJA

Yy



YELY Hleo o) o lowd VY 0,98 ¢yl 39l (105959 9 (8519390 500 & uii

L GAL S K25 ©) ofKes
g N o W RIS A P JE VAP
gl g SWS L b e 53 (655 LS
S pragh 5 ks I3 w350 (S50 e
sd ol (1) Ulusoy s Metekia Lo s 1,
oy S (SO e CL:;M\ s 3wl
Cewgole y Sl SL (555 2 Ll o)lae S
2l S L el L el s g5 s
s S sladae L JAK.L&LA)'T slaesls

S ol o 5 e

P9y Sedvoy

Sy S5 Psms S My )l 4 S
cldle 3 J8 Ly ok plnil gla fas3 o
2l sl S e 5 VY 51T
ol s 3,05 056 Ll s S e VAYY UL
o) Sl S mbe 5 S0k gladis
el wdls sgad (RLSL S S8 oy
e 8 gladds Ol @ Llg e 3 2)lse
s Olidw an e ps bidbe cpl 5l ae eslal
b s
Son M el 5 s SO Y e b an s )
S sladbe
2 Sl BE Jps 5 ks )“JUT o3 eslaal =Y
laails S
Loy o s Bl s Sle pess Y
S DY a3 5lid g sla Sl S

s talesl (b o en 5 OLSLIS 5 sl -t

YA

JSzils Lg FSSP il FSSP il s
sladde 5l plas &350 5 el esls anw s DTU
SRl el s SIS e Gl w Ly e E
o 2050 s 2S5 ld sdes adde Ol 5 e
Slag L A, Ol e Ol 5 oo Jbe Ol e 4 305 13
R S e P T
sledae 5l eslaal O T R
sy bimd GSL AD) e e Sy
Aol SV Sla L L Ol sl eols oS

s 3y SMed slaes sl 5
iglie mlee 53 OF Gl ,l8 5 (o suae b0
P Sl Gk s SIS K Fan S
ol el 4Bl S M mlio s ] slaass
S gl 5 il glas,lS bl 555555
slge CakS s p 03 O Glas )8 5l S el
Liled 50 ogwme S gyl 5ol Sl
CokS o 2 e S i Sl
S sk o s sl Gkl e
ks Ol (Y0) OLKes 5 Mavani koo s 1,
5 oFras e Gl Gl ow Sl
el eks oyl gl mls s of glas 8
e e L
CFoplS L3 e (S S 0L (S5 Sl
Shesspl sl ad, S84 508 0ol aencib
@ Gl o p Gl (e Fsr et
S8 ksl 3l Scl sl el
nobslane 05 See Glatas 03 (Faae
Sl s plinal ot 5 (36 Gl ) ealin]
Abdollahzadeh Jts ol sea Al o (i) S50



o3l Jaslow! [ ... oSy (S9lgmg S (Fdly gl

1.Abdollahzadeh, E. (2016). The prevalence
of serotypes and virulence genes of
Listeria monocytogenes in  seafood
products and studying the effect of ZnO
nanoparticles on isolated strains. Gorgan
University of Agricultural Sciences and
Natural Resources. PhD thesis. 184p.
[In Persian]

2.Pouillot, R., & Lubran, M. B. (2011).
Predictive microbiology models vs.
modeling  microbial growth  within
Listeria monocytogenes risk assessment:
what parameters matter and why. Food
Microbiology, 28 (4), 720-726.

3.Chen, Q., Zhao, Z., Wang, X., Xiong, K.,
& Shi, C. (2022). Microbiological
predictive modeling and risk analysis
based on the one-step kinetic integrated
Wiener process. Innovative Food Science
& Emerging Technologies, 75, 102912.

4.Abdollahzadeh, E., Hosseini, H., Ojagh,
S. M., Koushki, M. R., & Moghaddam,
L. A. (2021). Secondary modeling and
strain variability of Listeria monocytogenes
isolated from seafood and clinical samples
at various environmental conditions using
high-throughput turbidity method. Applied
Food Biotechnology, 8 (3), 225-236.

5.Abdollahzadeh, E., Ojagh, S. M,
Hosseini, H., Irajian, G., & Ghaemi, E. A.
(2017). Predictive modeling of survival/
death of Listeria monocytogenes in liquid
media: Bacterial responses to cinnamon
essential oil, ZnO nanoparticles, and
strain. Food Control, 73, 954-965.

6.Hansen, T. B., Abdalas, S., Al-Hilali, 1.,
& Hansen, L. T. (2021). Predicting the
effect of salt on heat tolerance of Listeria
monocytogenes in  meat and fish
products. International Journal of Food
Microbiology, 352, 109265.

7.Castillejo-Rodriguez, A. M., Gimeno, R.
G., Cosano, G. Z., Alcala, E. B., &
Pérez, M. R. (2002). Assessment of
mathematical models for predicting
Staphylococcus aureus growth in cooked

meat products. Journal of Food
Protection, 65 (4), 659-665.
8.Werlang, G. O., Vieira, T. R,

Cardoso, M., & de Freitas Costa, E.
(2021). Application of a predictive

&bo

¥4

microbiological model for estimation of
Salmonella behavior throughout the
manufacturing process of salami in
environmental conditions of small-scale
Brazilian manufacturers. Microbial Risk
Analysis, 19, 100177.

9.Sagdic, O., & Ozturk, I. (2014). Kinetic
modeling of Escherichia coli O157: H7
growth in rainbow trout fillets as affected
by oregano and thyme essential oils
and different packing treatments.
International Journal of Food Properties,
17 (2), 371-385.

10.Stavropoulou, E., & Bezirtzoglou, E.
(2019). Predictive modeling of microbial
behavior in food. Foods, 8 (12), 654.

11.McMeekin, T., & Ross, T. (2002).
Predictive microbiology: providing a
knowledge-based framework for change
management. International Journal of
Food Microbiology, 78 (1), 133-153.

12.Membre, J. M., & Lambert, R. J. (2008).
Application of predictive modelling
techniques in industry: From food

design  up to risk  assessment.
International ~ Journal  of  Food
Microbiology, 128, 10-15.
13.Dalgaard, P. (1995). Modelling of

microbial activity and prediction of shelf
life for packed fresh fish. International
Journal of Food Microbiology,
26 (3), 305-317.

14.Taoukis, P. S., Koutsoumanis, K., &
Nychas, G. J. E. (1999). Use of time—
temperature integrators and predictive
modelling for shelf life control of chilled
fish under dynamic storage conditions.
International Journal of Food Microbiology,
53 (1), 21-31.

15.Carrascosa, C., Millan, R., Saavedra, P.,
Jaber, J. R., Montenegro, T., Raposo, A.,

. & Sanjuan, E. (2014). Predictive

models for bacterial growth in sea bass
(Dicentrarchus labrax) stored in ice.
International Journal of Food Science &
Technology, 49 (2), 354-363.

16.Tsironi, T., Stamatiou, A., Giannoglou,
M., Velliou, E., & Taoukis, P. S. (2011).
Predictive modelling and selection of
time temperature integrators  for
monitoring the shelf life of modified



EX2 ¥ )LQA‘ ) D)Lo.n.:} Y D)sb culg').'i &)sﬁgd)‘aﬁb)« 49‘).“.'

atmosphere packed gilthead seabream
fillets.  LWT-Food  Science  and
Technology, 44 (4), 1156-1163.

17.Powell, S. M., Ratkowsky, D. A.,, &
Tamplin, M. L. (2015). Predictive model
for the growth of spoilage bacteria on
modified atmosphere packaged Atlantic
salmon produced in Australia. Food
microbiology, 47, 111-115.

18Jia, Z., Li, C., Fang, T., & Chen, J.
(2019). Predictive Modeling of the
Effect of e-Polylysine Hydrochloride on
Growth and Thermal Inactivation of
Listeria  monocytogenes in  Fish
Balls. Journal of Food Science,
84 (1), 127-132.

19.Fernandez-Piquer, J., Bowman, J. P.,
Ross, T., & Tamplin, M. L. (2011).
Predictive models for the effect of storage
temperature on Vibrio parahaemolyticus
viability and counts of total viable
bacteria in Pacific oysters (Crassostrea
gigas). Applied and  Environmental
Microbiology, 77 (24), 8687-8695.

20.Kim, J. Y., Jeon, E. B., Song, M. G.,
Park, S. H., & Park, S. Y. (2022).
Development of predictive growth
models of Aeromonas hydrophila on raw
tuna Thunnus orientalis as a function of
storage temperatures. LWT, 156, 113052.

21.Dabade, D. S., Azokpota, P., Nout,
M. R., Hounhouigan, D. J., Zwietering,
M. H., & den Besten, H. M. (2015).
Prediction of spoilage of tropical shrimp

(Penaeus notialis) under dynamic
temperature  regimes.  International
Journal of Food  Microbiology,
210, 121-130.

22.Giuffrida, A., Valenti, D., Giarratana, F.,
Ziino, G., & Panebianco, A. (2013). A
new approach to modelling the shelf life
of Gilthead seabream (Sparus aurata).
International Journal of Food Science &
Technology, 48 (6), 1235-1242.

23.Ying, X., Zinnai, A., Venturi, F.,
Sanmartin, C., & Deng, S. (2017).
Freshness evaluation of grass carp
(Ctenopharyngodon idella) by electronic
nose. Journal of Food Measurement and
Characterization, 11, 1026-1034.

24.Geng, I. Y., & Diler, A (2019).
Development of shelf life prediction

model in rainbow trout stored at
different temperatures. Journal of
Aquatic Food Product Technology,

28 (10), 1027-1036.

25.Mavani, N. R., Ali, J. M., Othman, S.,
Hussain, M. A., Hashim, H. &
Rahman, N. A. (2022). Application of
artificial intelligence in food industry-a
guideline. Food Engineering Reviews,
14 (1), 134-175.

26.Metekia, W. A., & Ulusoy, B. H. (2023).
Antimicrobial activity of Spirulina
platensis extract on total mesophilic and
psychrophilic bacteria of fresh tilapia
fillet. Scientific Reports, 13 (1), 13081.



