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Abstract

This master project is a part of the Strategicitung programme, ProSpect, granted by the
Norwegian Research Council (NFR). In order to depedafe minimally processed seafood and
to increase quality and shelf-life, the project $ect combined principles from aseptic
packaging with surface pasteurisation with steaims Tmaster project had special focus on
thermal steam pasteurisation of fish products. écigp designed “BugDeath” test rig has been
purchased for the experimentssteria monocytogenesas selected as target organism for the
pasteurisation. To avoid the extra precautionscatsal with working with pathogenic bacteria,

specific strains oListeria innocuavere selected as surrogate organismé fenonocytogenes.

innocuais a non-pathogenic organism, but more heat tail¢hamlL. monocytogenes.

The objective of the current study was to deternmaetivation kinetics of differenit. innocua
strains (ATCC 33090 from American Type Culture €olion and CCUG 35613 from the
Culture Collection, University of Gothenburg) bying two different experimental designs: 1)
using classical heat treatment in capillary tul2¢sjsing steam on fish product surfaces. Another
objective of this study was to investigate and émpare differences in inactivation kinetic in

capillary tubes and on fish surface.

In the fist experimental design with heat treatmientapillary tubes two strains &f innocua
(ATCC 33090 and CCUG 35613) were used. Both strame cultivated and heat treated in the
tryptone soya broth with yeast extract (TSBYE)the second experimental design with steam
pasteurisation on fish product surfadesinnocua ATCC 33090 was used. This strain was
cultivated in the TSBYE and heat treated on sufimodel-product”. In both designs. innocua
strains after heat treatment were regenerated entrilptone soya agar with yeast extract
(TSAYE).

The D-values were used to determine inactivatioretics and describe the heat resistance of the
microorganisms. The calculations of heat resistdacéreatment in capillary tubes were based

on the linear first-order kinetics. The D-values&vealculated for temperatures 59, 59.5, 60 ° C.



D-values forL. innocuaATCC 33090 were E} =2.62 minutes, By5=2.1 minutes, k) =1.58
minutes and folk.. innocuaCCUG 35613 were £=2.54 minutes, E}5=1.91 minutes, E=1.50

minutes.

The inactivation of.. innocuain steam surface pasteurisation of fish produittsidt follow log-
linear kinetics. Bacterial numbers lofinnocuaATCC 33090 declined rapidly during the first 15
s of steam treatment in “BugDeath” rig. This ifitiate of decline slowed during the next 45 s.
However, after 60 s of steam treatment bacteriaibers declined very slowly, so that bacterial
numbers were still present after steam treatmem foin. In this experiment steam treatment of
samples for 60 s gave total 3-4 Jp@FU reduction, but after 60 s had not considereddection

of bacterial numbers and most likely had an undétereffect for quality of the product.
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1. Introduction / Background

Background

This work constitutes a part of the Strategic tngt programme, ProSpect, granted by the
Norwegian Research Council (NFR). ProSpect is geprownith cooperation between Nofima

Norconserv and Nofima Marin (Marine). In order toyide good service to the industry, Nofima

has chosen four areas in which the institute hasiapcompetence: heat processing, minimal
processing, super hygiene and new seafood conddmsnain focus of the research at Nofima is
on marine products and relates to quality charesties, hygiene, preservation, packing

technology and analytical instruments.

The full name of the ProSpect programme is "Innigeadnd safe seafood - processing, hygiene,
spectroscopy” and the main objective is to comlaiseptic process elements and spectroscopic
monitoring systems for production of seafood bas@uvenience foods. The ProSpect project is
divided into 2 work packages in order to meet thgedives. The first package takes place at
Nofima in Stavanger and works with increasing dyakand shelf-life of seafood based
convenience products. These products are manugactuom raw materials through thermal
processing combined with aseptic technologies. SHmnd package (in Tromsg) is an analytical
part of developments of spectroscopic methods.

This master project had special focus in thermedrst pasteurisation of fish products. A specially
designed test rig has been purchased for the enpets (Fosteet al. 2006).The objective of the
current study was to determine inactivation kirett differentListeria innocuastrains by using
two different experimental designs: 1) using clealsheat treatment in capillary tubes, 2) using
steam on fish product surfaces. Another objectivinis study was to investigate and to compare
differences in inactivation kinetic in capillarybteis and on fish surface.

Listeria monocytogenesvas selected as target organism. To avoid the emtegautions
associated with working with pathogenic bacterec#ic strains ofL. innocuawere selected

that are nonpathogenic, but more heat tolerantlthamonocytogenes.
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Introduction

L. monocytogeneBas appeared as an important pathogenic organisimgdihe last 20 years,
causing the disease known as listeriosis in aninmid humans (Jemmi and Stephan
2006;Schlech 2000). Many epidemiological investaya have shown that this disease may
result from the consumption of contaminated fooatgt@iningL. monocytogeneand thus it had
been recognized as a major food-born illness (Bukd. 1995;Riedaet al. 1994). Inactivation of

L. monocytogendsas been suggested as a criterion for minimumthestiment by the European
Chilled Food Federation (ECFF 1996). This bactésiaa well documented pathogen in fish
products and it is the most heat resistant nonespormming bacteria among the actual fish
pathogens. Hence the eliminationlof monocytogenesften determines processing parameters
for chilled ready to eat meals with short shek.lif

Food poisoning is increasing throughout the EU.hEgear in the UK, 4.5 million people
(approximately 10 % of the population) suffer frémod poisoning (James and Evans 2006).
There is often no terminal step (such as cookinggliminate pathogenic organisms from raw
products such as meat, fish, fruits and vegetdimésre they reach the consumer. Several of the
pathogens, for exampldsteria, which are present on such products, are psygbiutrand can
grow at refrigeration temperatures. Centralizedcgssing and preparation of these products is
growing, increasing the distance and time betweéial preparation and the consumption, thus
increasing the risk of pathogen growth during thime. Ideally, some form of terminal
processing step should be introduced, which woettlice the microbial load of such products
and would also be advantageous to public healthvemdd have economic significance to the
industry (James and Evans 2006).

But at thesame time, a terminal processing step that invdheas treatment can be a problem for
many products, especially fish products. The prodo@ay change its optimal sensory
characteristics and texture. Quality of fish isesely reduced if the thermal process is designed
for a shelf life of more than 21 days at chilleshdibions, requiring at least a 6 log inactivatidn o
non-proteolytic Clostridium botulinum(EC 1999). Designing a thermal process for such a
product is challenging as the heat load requiredirfactivating microorganisms and enzymes
may cause undesirable changes such as dry struantdréaking (Ofstacet al. 1995). Reduced

cooking time at a lower temperature is preferrethwespect to the sensory quality of fish
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products, but this will reduce the shelf life (Skét al. 2002). For processing in the temperature
range of 60-75 °C, several vegetative microorgasisauld pose a threat to product safety.

An alternative method of terminal processing isuke of steam for the decontamination of meat
which is now extensively used in the USA, Canada Australia and also being considered for
use in the European Union (EU) (Mccaetral. 2006). The effectiveness of surface pasteurisation
with steam on beef, pig and sheep carcasses amgbuliry has been investigated and the
available information and data suggests that thessments may be effective in combating
product contaminated with pathogens (Jareesl. 2000;Mccannet al. 2006;Minihanet al.
2003;Phebust al. 1997;Whyteet al. 2003).

Surface pasteurisation with steam is previousBdtfor the whole animal carcasses and poultry
products, but for fish products it is almost newd amneed of targeted research and development.
In order to develop safe minimally processed sahfad to increase quality and shelf-life, the
project ProSpect combined principles from asep#éickpging with surface pasteurisation with
steam. Aseptic packaging is common for liquid dggducts (Brody 2006), and means of
sterilization packaging and product, and to paak seal product under sterile conditiolksing
(usage) of non-sterile seafood products is nevhis technology. The concept Extended-shelf-
life (ESL) packaging is probably well suited for myaseafood products. ESL does generally, but
not necessarily, imply processing under aseptiaditioms to achieve sterile products. Treatment
of package units is performed to approach sterifgckaging conditions used are ultra clean, i.e.
nearly sterile. The ESL processing will open foe thew categories of minimally processed
refrigerated shelf stable product&he technology also opens for combinations with ifiedi

atmosphere packaging (MAP) that has been unavaifabthermally processed food fso.

Ready-to-eat meals

The consumer wants fresh and healthy food thahsy & prepare. Today many companies are
working with developing food products with minimypnocessing. In light of this development,
ready-to-eat food (RTE) and ready meals Hageome very popular. RTE food is a diverse food
category that can be consumed without further msing. This type of food can be in the raw
state, or prepared and stored under different tiomdi Many RTE have short shelf-life and must
be consumed after a short storage period. For fsoducers, microbial spoilage is one major
problem. Studies indicated that outbreaks of foamsgning have been associated with

commercially manufactured foods (McLauchdinal. 2004;Rocouréet al. 2003)
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Some RTE may not undergo thermal or other procgssirfficient to inactivate the organism,
thus contribute to contamination of food produditsrecent years there has been an increase in
the consumption of RTE food, such as mixed salam#taming raw vegetables and other
ingredients such as meat or seafood (EC, 2005k-p&kaged mixed salads have a high
potential for contamination fro. monocytogenedue to extensive handling during preparation
or from the cross contamination from the environtn8tudy Little et al. (2007) of pre-packaged
mixed vegetable salads shows that overall contaromaf Listeria spp. and.. monocytogenes
found in samples of mixed salads in the UK was 20.8nd 4.8 %, respectively.

In 1994L. monocytogenewas found in different vacuum-packed meat and gisiducts (Rorvik
1995b). Rarvik showed that 16 % of the slaughfisties at slaughter house contained
monocytogenesnd 22% harboured othersteria spp (Rorvik 1995b). The results of molecular
examination made by Rgrvik et al. (2000) showed the seafood might be a causehoiman
listeriosis. Resistance to diverse environmentahdadoons, ability to grow at refrigeration
temperatures and survive in food for prolongedqeriunder adverse conditions (Ryser 1991)
and ability to colonize food processing environmsetdgether with the severity of human
listeriosis makd.. monocytogenesf particular concern for manufacturers of RTEdgroducts.
The European Commission (EC), Scientific Commitiee/eterinary Measures relating to Public
Health (SCVPH) concluded that the risk of listelsdsom foods containing less than 100 CFU/g
is low (European Commission (EC), 1999). As a teshe EC Regulation on microbiological
criteria for foodstuffs (Regulation (EC) No. 207G80%), in force from January 2006, provides
thatL. monocytogeneshould be below 100 CFU/g during the shelf lifeR3fE foods, and that
processing areas and equipment used in the maadfarbf RTE foods must also be monitored
for L. monocytogene$EC, 2005a). However, for RTE foods intended fofamnts or special
medical purposes,. monocytogeneshould not be present (absent in 25 g) througtieait shelf
life (EC, 2005a).
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2. Theory

2.1 Listeria monocytogenes

Listeria monocytogeness one of species in the genussteria, which includesL. grayi, L.
innocua, L. ivanovii, L. monocytogenes, L. seelidermuttayi, L. welshimerilt is named after
the English pioneer of sterile surgery, Josephekigt 1940 (Rocourt 1999). Within the genus,
only L. monocytogeneand L. ivanovii have been considered as pathogenic bacteria (Rocour
1999).L. ivanovii is consided as an animal pathogen which is maagponsible for abortions,
but rarely gives disease in man (Rocourt 1989)nonocytogeneis pathogenic to both humans
and animalgSwaminathan, 2001; Paoli et al., 2005).

L. monocytogenes a Gram-positive, non-sporeforming and shortgbdped bacterium. It is
typically 0.5 pm in width and 1-2 um in length. Bahay either be found a single cell, in short
chains, arranged in V or Y forms or in palisadesdé&f certain growth conditions cells become
coccoid and about 0.5 um in diameter, causing tteebve confused with streptococci (Rocourt
1999). L. monocytogeness aerobic or facultatively anaerobic, catalysesijpee and oxidase
negative. It is motile via a few peritrichous fldge when cultured at temperatures between 20
°C and 25 °C (Farber 1991). The optimum growth terafure is between 30 °C and 37 °C, and
temperature limits for growth were reported to tmnTt 0 °C and 45 °C (Walkeat al. 1990).L.
monocytogeneis capable of growing in a wide pH span. In brathormally grows from pH 4.4
to 9.6, and the optimum pH for growth is approxiematZ (Thevenoet al. 2006). The bacterium
also can survive in environment having a salt cotregion ranging from 10 % to 30 % (w/v)
NaCl (Rocourt 1999)Listeria is able to grow at a water activity valuevdelow 0.93 (WHO,
2004). The ability to be resistant to high salirotyacidity allows the organism to survive longer
under adverse conditions than most other non-spongig bacteria of importance in foodborne
disease (WHO, 2004). The pathogenicity of the baoteis closely linked to the presence of
hemolysin and other virulence factors. Hemolysieadssidered the major virulence factorlof
monocytogenesand it helps to differentiate between this bagterand non-pathogenidsteria

species (Swaminathan, 2001).

Human disease caused hy monocytogenessually occurs in certain well-defined high-risk

groups, know as YOPI (young, old, pregnant, immongaromised) sub-population, including
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pregnant women and fetus, newborns, the eldertliyishuals with weakened immune systems,

drug addicts and the HIV patients (Farber 1991)as€lfication of illness caused hbly.

monocytogenes shown in Table 2.1 (EC, 1999).

Table 2. 1Classification of illness caused hymonocytogenes

non-pregnant
adults

(nonperinatal)

consumption of

contaminated food

Type of Mode of transmission Severity Time to onset
Listeriosis
Occupational [Primary cutaneous listeriosi$ Usually mild and self-resolving| 1-2 days
infection after direct contact with
infected animal tissues
Neonatal Infection of newborn babies|Can be extremely severe, 1-2 days (early onset)
infection from infected mother during | resulting in meningitis and deatfusually from congenita
birth or due to cross-infectiop infection prior to birth;
from one neonate in the 5-12 days (late onset)
hospital to other babies following cross-
infection from another
infant
Infection Acquired following Mild flu-like illness or
during consumption of asymptomatic in the mother, but
pregnancy contaminated food serious complications for unborp
(prenatal) infant, including spontaneous
abortion, fetal death, stillbirth and
meningitis. Infection is more
commonly reported in third
trimester
Infection of Acquired following Asymptomatic or mild iliness, |[lliness may occur

which may progress to CNS
infections such as
meningitis. Most common in

immunocompromised or elderly

within 1 day or up to 3
months,

but commonly within
20-30 days

Listeriafood
poisoning
(febrile
gastroenteritis)

Consumption of food with
exceptionally high levels of
L. monocytogenes

> 10 cfulg.

Vomiting and diarrhea,
sometimes progressing to
bacteraemia but usually

selfresolving

<24 h after consumptig
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2.2 Occurrence in environment, feeds, human and amials

L. monocytogenewas fist isolated from diseased rabbits in 1926el_ghe organism has been
detected in variety of domestic and wild mammaigluding cattle, sheep, pigs, chickens,
turkeys and ducks (Schuchettal. 1991). Other common sourceslofmonocytogeneare soil,
plants, fresh and seawater, silage, sewage amtah fmaterials (Donalet al. 1995).

Fertilized soil may contain decomposing plantsafecaterials, animal waste, and sewage sludge
and are well-documented sourced ofmonocytogenesThat is why soil may be the main source
of Listeria contamination. Weis and Seeliger (1975) repottetl the organism was found in 8.7 -
51.4 % of surface samples of soil and 3.2 - 33.8f%amples which were collected at a depth of
10 cm. Ho and Ivanek (2007) suggested thstieria contamination of soil may result from land
fertilizing practices with sewage sludge, manunesnf farm animals, and fecal shedding of
infected domestic and wild animals, including widolds which may contain high levels of the
bacteria.

Listeriosis in animals has been described to becased with silage feeding since 1960 (Pauly
and Tham 2003). This fermented high-moisture foragede from plants is widely used in
feeding ruminants. Pauly and Tham (2003) studeadigence ofListeria spp. in grass and grass
silage samplel. monocytogenesr L. innocuawere isolated from 65 % of the grass samples and
23 % of the silage samplds. monocytogenesas confirmed at least at one occasion in thgeila
of 34 % of all farms. These numbers show thsateria spp are quite common in fresh forage.
Multiple studies have shown thiat monocytogenes present in fecal specimens from a variety
of human populations, including healthy peoplegpent women, patients with gastroenteritis,
slaughterhouse workers, laboratory workers handliumgjeria, food handlers, and patients
undergoing renal transplantation or hemodialyseh(@hatet al. 1991). It supposes the human

gastrointestinal tract is a potential reservoith&f organism.

2.3L .monocytogenesin foods and food processing factories

One of the main routes of transmission of listasids human begins is food (WHO, 2004).
monocytogenebas been detected regularly in a wide range of fachiding dairy products,
fruits and vegetables, fresh and frozen meat, pgudeafood and RTE (Farber 1991). Due to the
ability of the organism to survive and grow at lemperatures, the bacterium poses a high risk

for lightly preserved refrigerated foods storedltorg periods of time.
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L. monocytogenesas been found in a various types of dairy produdte organism grow well

in both naturally and artificially contaminateditidairy products at temperatures ranging from 4
°C to 35 °C (Farbeet al. 1990). Other unpasteurized dairy products suchilks chocolate milk,
butter, ice cream, or cheeses are also high risg&esaolisteria. Among these products, cheeses,
especially soft cheeses are considered as a corfwmodnassociated with foodborne listeriosis
(Farber 1991).

Meat products such as cooked meat, RTE meat arthppuoducts have been described as the
source of epidemic and sporadic listeriosis on isg¢vastances in North America and Europe
(Swaminathan, 2001). The growthlafmonocytogenas meat and poultry products depends on
the type of meat, the pH, and the type and cellufans of the competitive flora
(Swaminathan, 2001). Infection of animal tissue n@gcur either from symptomatic or
asymptomatic carriage @f. monocytogeneBy the food producing animal before slaughter, or
contamination of the carcass after slaughter. FabdrPeterkin (1999) found that the organism
was mainly accumulated and multiplied in the kidnexer and spleen in infected animals, thus
eating the processed products from such organ, Ibeaynore dangerous than eating muscle
tissue. Poultry generally provides better suppaorttiie bacterial growth than other meats; roast
beef and summer sausage support the growth the(&aaminathan, 2001).

Various types of seafood have shown a high frequefd. monocytogenesontamination. In
the seafood the highest prevalence was found ithsoloked fish (34- 60 %) while the lowest
was found in heat treated and cured seafood (4 %)2Jorgensen and Huss 1998). Lunestad
(2005) found organism in 0 to 50 % of examined dampf unprocessed or frozen fish. These
numbers were lower in processed seafood product2§®6), shrimps (0 - 20 %) and shellfish (0
— 7.5 %), but quite high level of contaminated sk®f0 - 75 %) was detected in smoked salmon
or trout. Significantly higher numbers of contaatied samples of the smoked fish was explained
by studying the incidence of the monocytogenem seafood processing factories. A smoked
salmon production, including a smokehouse and blauigouse was examined for the occurrence
of L. monocytogenesnd otheListeria spp. The results revealed thatmonocytogenesas often
detected in samples from the smokehouse, but irhrtaveer frequencies in the slaughterhouse.
That considered the smokehouse as a reservoinddrdcteria (Rorvik 1995a). Huss et al. (2000)
have classified four groups of seafood as poteftigh risk foods for listeriosis: mollusks

including fresh and frozen mussels, clams, andeoystaw fish; lightly preserved fish products
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including salted, marinated, fermented, cold-smoked “gravd” fish; and mildly heat processed
fish products and crustaceans.

Different studies show that the occurrencé.ofmonocytogeneim RTE foods depends on many
different factors. Product type and the stage engtoduction-to-consumption chain at which the
sample is taken, products origin (animal or fishifsy etc.) and geographical distribution
(includes climate, food processing environments lagalth status of workers) are some of them
(WHO, 2004). The contamination also occurs at thiatpof sale, for example due to slicing of
processed meats. Other ways of contamination hagen bdemonstrated in domestic
environments. Opened packages may be contaminatiedl \vnonocytogengsresent on surfaces
in refrigerators, or in other refrigerated foodsnh kitchen environment or from family members
(WHO, 2004). Such RTE foods as unpasteurized nmitk @roducts prepared from unpasteurized
milk, soft cheeses, frankfurters, jelly pork tongukelicatessen meats and poultry products,
smoked mussels, smoked fish, cooked shrimp, rawtabtes and coleslaw are usually preserved
by refrigeration and offer an appropriate environtrfer the multiplication ot.. monocytogenes
(Swaminathan, 2001; WHO, 2004). Bacterial level$oiods are generally low (0 to 1CFU/g
with 90 to 99 % being below $@FU/g and less than 1 % being betweeh il 10 CFU/g),

but the higher concentrations ¢1® 10 CFU/g) also have been reported (Gram, 2001). WHO
(2004) documented rather high uncertainty concerthiese estimates because the actual level of
the pathogen in the serving of food consumed binfacted individual could have varied greatly
from that observed in other portions of the foodmya subsequent investigation.

L. monocytogenesontaminations of food processing factories mayuod¢brough many ways:
soil on workers” and clothing, transport equipmeaty plants, raw foods of animal origin, and
possibly healthy human carriers (Swaminathan, 2000)e high humidity and the presence of
nutrients create a favourable environment for biedtgrowth. Since a large number of healthy
animals may be carriers, the contamination of caes by fecal matter during slaughter is very
usual. The most heavily contaminated working asgascow dehiding, pig stunning and hoisting.
L. monocytogeness also recovered from feather plucker drip watgilly water overflow,
recycling water for cleaning gutters, and mechdlyickeboned meat. These findings indicate that
the importance of the defeathering machine, ckilleand recycled water in product cross
contamination (Swaminathan, 2001).



2.4 Factors affecting survival and growth

The growth ofL. monocytogenes foods depends on the intrinsic and extrinsiaatizristics of
the products and processing techniques used pratduction. Intrinsic factors may include pH,
water activity, and salt concentration and extdnfctors include storage temperature and
relative humidity (FSAI, 2005). The growth limit$ b. monocytogeneare summarised in Table
2.2.

Table 2.2Growth limits forL. monocytogenesummarised from Ryser (1991) and ICMSF (1996)

Environmental factor Lower limit Upper lirt

Temperature (°C) -2 to+14 45

Salt (% water phase NaCl) < 05 13-16

(& corresponding @) (0.91-0.93) >0.997)

pH (HCI as acidulant) 4.2-4.3 A4-9.5

Lactic acid (water phase) 0 3.8-4.6 mM, MIC of undissociated acid
(800-1000 mM, MIC of sodium laetat

Temperature

L. monocytogeness recognized as a psychrophilic microorgamism ablegrow slowly at
refrigerators temperatures, 0-8 °C. (Bell and Kgdas, 2005). The temperature span for grow
ranges from 0O to 45 °C with optimum level at appme¢ely 37 °C. Temperature below 0 °C and
above 50 °C may inactivate the bacterium (SwamargtB001). Several study suggested that
monocytogenesan survive for several weeks or months in manjlechiand frozen food types
although viable cell numbers may decrease over &gk survival may be poorer in products
with a low pH (Bell and Kyriakides, 2005;Lou and 0&ef 1999). Temperatures above 70 °C will

give considerable reductions in numbers of vialaletérial cells (Bell and Kyriakides, 2005).

pH

The pH range for the growth &f monocytogenes from 5.6 to 9.6. However, several studies
have shown that the minimum pH for the growthLoimonocytogenes 4.3 using HCI as the
acidulant (Farbeet al. 1989;Georget al. 1996) Swaminathan (2001) reported that at pH values
below 4.3 the bacterial cells may survive but domaltiply. For foods which have low pH as a
result of metabolic activity such as cheese or &med meats, the low pH usually contributes to

the control of bacterial population growth inclugianyListeria spp. present in food (Bell and
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Kyriakides, 2005). Lou and Yousef (1999) reporteal tsurvival or growth of.. monocytogenes

in different food matrices varies with pH valuesldamperature of storage. Bell and Kyriakides,
(2005) reported thdt. monocytogenesan grow in many types of cheese with pH values9®> 5
such as Camembert, Brick, and white-pickled chdasiewas inactivated quickly in other cheese

types with pH value of 4.0 — 5.3 such as ParmerdrVibzzarella.

Water activity and salt concentration

Water activity (@) is a measure of the water available to sustagnstirvival and growth of
microorganism in a food. The, @f a food product is lowered by the addition odlison chloride,
sugars and /or other solutes. Investigations hadieated that.. monocytogenegrows optimally
at g > 0.97 ( Swaminathan, 2001;Bell and Kyriakides, 200=arber (1992) reported the
minimum &, (based on NaCl) for growth df. monocytogenet® be 0.91-0.93. However, the
bacterium has been reported to survive long peraidg/ater activity values as low as 0.83
(Swaminathan 2001). Sodium chloride is the most mom inhibitory to the growth ot.
monocytogenegLou and Yousef, 1999;Bell and Kyriakides, 200bpu and Yousef (1999)
concluded that survival of. monocytogenes concentrated salt solutions can be increased
dramatically by lowering the storage temperaturée Tpredictions of growth rate df.

monocytogene@gnodel of Tienungoon, 1998) is shown in Table 2.3.

Table 2.3.The predictions of growth rate bf monocytogengsnodel of Tienungoon, 1998)

Growth rate (I / generations time (h)

Temperature pH 7.0, 90 mM total lactate, 90 mM tal lactate,
w 20.990 pH 6.2,,a 0.990 pH 6.2,,a 0.965

25 1.22 1.03 0.646

10 0.174 0.147 0.092

7 0.078 0.066 0.042

5 0.035 0.030 0.019

0 0.002 0.001 0.001
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2.5Ligteriainnocua as surrogate forL. monocytogenes

Listeria innocuais one of the species belonging to the gehisteria. Seeliger and Schoofs
discoveredL. innocuaas new microorganism in 1979, and a few years,|&eeliger gave
supplementary description of this species (Seeli§81).L. innocuais non-pathogenic, this also

appears from the name, the innocent, which meameént / harmless.

L. innocuaand L. monocytogenesare the twoListeria species, with many physiological and
genetic similarities, and they are evolutionary faotfrom each other (Schmét al. 2005). There
are many common genes between these two speciés.10/® and 14 % of the all genome
betweerL. monocytogenestrain EDGe andl. innocuastrain CLIP 11262 are specific (Doumith
et al. 2004b). Evidences for close relations betweereth&s specied,. monocytogeneserovar

4 andL.innocua are in the antigen structure in the flagella (Bxth et al. 2004a).

Biochemical characteristics for dll innocuaandL. monocytogenestrains are also very close.
Both Listeria specie sare xylose negative, mannitol negative gincose positive (Cheat al.
2010). The same authors selecpedemolysis as a factor that can distinguish betweentwo
species. AllL. innocuastrains have not hemolysis while monocytogenesas p-hemolysis.
Another difference is the presence of arylamidasé.iinnocua, L. monocytogenesloes not
contain this substance.

L. innocua and L. monocytogeneslso has the same niche, and similar toleranceHp p
temperature and saltNon-pathogenicityof L. innocua gives possibility to avoid the extra
precautions associated with working with pathogéicteria, when working with bacteria in the

laboratory.

In 1993, Foegeding and Stanley proposed tolusenocuaas a biological indicator forL.
monocytogenes the thermal processing (Fairchild and Foegeding3L9%he reason for this
proposal was monitoring of heat resistance chatatiteListeria spp. under actual processes
without any health risk. One characteristic of @ldmgical indicator is that it must have a thermal
resistance equal to or higher than the target.er'have been studies which show thanhnocua
have such properties. Friedly et al. (2008) studiadousL. innocua and L. monocytogenes
strains and compared these to confirm thainnocua M1 was an ideal surrogate for heat

treatment of.. monocytogenes.
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2.6 Listeria inactivation

2.6.1 Factors affecting heat resistance afisteria

There are several factors that affect the inagtwabdf bacteria.Incubation temperature and
growth media before and after heat treatment artorfa that have effect on heat resistance.
Composition of the growth medium, pH, salt concatidn and water content plays an important
role. This applies both to food matrices dafioratory medialn relation to laboratory media it is
very important to be in control ovehe individual growth factors because they havenstr

influence on the bacteria’s heat resistance.

Growth Temperature before heat treatment

Optimal growth temperature fdr. innocug andListeria in general, is between 30 and 37 ° C.
The temperature during growth affects lipid bioswsis, the composition of membranes, and
protein synthesisThese are factors that affect the thermal promertEL. monocytogenes
(Juneja and Eblen 199918everal studies ob. monocytogeneshowed that cells are more heat
resistant when grown &5 °C before the heat treatment than when grownovattemperatures
(20 °C) (Smith and Marmer 1991).

L. innocuahas a higher heat resistance when it is grownigiteh temperatures than at low
temperaturedn a study it was shown significantly higher D-vedufor cells grown at 45 °C than
at 20 °C. The D-values at 20 °C were up to 5 titmgmer at 45 °C (Alvarez-Ordonex al.

2009).The same study did not find significant differencezinalue.

Media

Various media are used in heating experiments,ef@mplemedia for 1)multiplication of
bacteria, 2) heat transfer, or 3) the regeneraifaamaged bacterigfter a heat treatmenthere
are both selective and non-selective media, tzaat resistance will vary with the choice of the
media.A selective medium in thisontext is a growth medium that are favourableliergrowth

of Listeria. A non-selective medium is a medium where the othieroflora has similar growth

conditions.



Growth Medium (before heat treatment)

The growth medium is a medium that is used forolmnient of bacteria befoteeat treatmentn

the laboratory context it is often a liquid mediybouillon/broth), containing the necessary
nutrients to the bacteriunsome components of food oulture media may protect the bacteria
from heat injury by stabilizing membranes and otbell components, or by stimulating the
production of stress proteinghe osmoticenvironment may play an important role for heat
resistance td.isteria. L. monocytogenegrown in 1.5 M NaCl had an elongated shape and a
higher thermal resistance compared with bacgmaeavn in 0.09 M NaCl (Jorgense al. 1995).

In most cases it is shown that salt hapratective effect ofL. monocytogenesresulting in
increased heat resistance. Cells fiSoott A strain that was grown in a fat medium wetemes
more heat resistant at 8Q than cells grown in trypsin soy broth (TSB) (@dsiet al. 1998).L.
monocytogenebad significantly higher thermal resistance when thees enough nutrients in
the growth medium (Lou and Yousef 1996).

Heat Treatment Medium

A heat treatment medium is the medium used durihgad treatment. Media that is used in the
laboratory experiments, e.g. TSBYE, peptone waltestjlled water. In food systems the heat
treatment medium will have a major impact on tHecatfon the heat treatment. This is partly due
to fat content, water activity and pH, and textudé of which are effective for bacterial survival
(Doyleet al.2001).

Results from various studies indicate thamonocytogeness more heat resistant in food than in
laboratory media (Boylet al. 1990;Casadest al. 1998;Foegeding and Stanley 1991;Jorgersen
al. 1999). ForL. monocytogeneScott A there is a range ingfvalues in food matrices, e.g.
liquid egg mass 1.95 min (Muriaret al. 1996), crab meat 2.61 minutes (Harrison and Huang
1990), data from Table 2.4.

Regeneration medium

Various selective and nonselective media have heed for regeneration. Many types of media
are not satisfactory for the recovery of heat daedagells. Selective media are designed to
promote the growth of a specific bacterium. Thisnes at the expense of optimal growth
conditions and will therefore give a negative impan the recovery of heat injured bacteria
(Patel and Beuchat 1995;Smith and Archer 1988).
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The regeneration medium has adverse effect ondbevery of bacteria when the medium
contained the ingredients that made the mediumctbete (phenyletanol, acriflavin, sodium
tellurit, polymyxin B sulfate or 5 % salt) (Smitmé Archer 1988). It is also found that non-
selective media has a higher number of coloniea tha selective media after heat treatment
(Crawfordet al. 1989;Golderet al. 1988;Heddleson and Doores 1994;Lintdral. 1990;Linton

et al. 1992;Rowan and Anderson 1998).

Growth ofL. innocua was compared on the non-selective medium trypsoya agar with 0.6 %
yeast extract (TSAYE), and the selective media TEAXth 5 % salt and Palcam (Millet al.
2006). The result showed that on the non-selectiedium bacteria had a higher survival rate
than on the two selectiveedia, and among the selective media gave TSAYE 5w salt lower

survival rates thaRalcam.
Water Activity

Lower water activity (@) gives a higher heat resistancd_omonocytogenesScott A strain was
subjected to various concentrations of sucrose Water activity at 0.98, they demonstrated the
Dgs6-value is 0.36 and a z-value is 7.6 °C, when watdivity was lowered to 0.90 theg£ -
value increased to 3.8 and the z-value increasd@®® °C (Sumneet al. 1991). In addition to
that the lower water activity leads to higher hesdistance, it is also shown that the effect of
water activity on heat resistance varies with hesdtment temperature (Fernandgzl. 2007).

In a medium with @ 0.90, there was less variation in thecrease of the heat treatment
temperatures than a corresponding increase in tatope in a heat treatment of bacteria grown
in media with g 0.93, 0.96 and 0.99.

pH

Experiments with different pH show no clear trerids heat treatment. For acid shock, short
exposure to pH 4 gave slight increase gf-{alues ofL. monocytogene@~arber and Pagotto
1992). Howeverl. monocytogenes more heat sensitive in the treatment of cabhae,

when the pH was changed from pH 5.6 to pH 4.6 (Batet al. 1986). Juneja og Elben (1999a)
found that heat resistance was reduced at pH 4 @@dpvith pH 8.



Smoke components

It is known that wood and liquid smoke treatmemtBuence microbial growth rategrowth
limits, and rates of death / inactivation lof monocytogenesEklund et al., (1995) found that
populations ol.. monocytogenemoculated onto the surface of brined salmon pogichanged
very little during a cold-smoke process at 22.23@6 °C for 20 h, with or without applied
smoke; but when the processing temperature wasréaveo 17.2 to 21.1 °C, populations
decreased 10- to 25-fold when smoke was applieddtiition, however, they found also thiat
monocytogenemjected into the interior of these portions irased 2- to 6-fold at 17.2 to 21.1 °C
and 100-fold at 22.2 to 30.6 °C, regardless of gresence of smoke. During hot-smoking of
salmon the temperature required for inactivatior..aoinonocytogenewithout smoke (82.8 °C)
was lowered to 67.2 °C by smoke generated from sainahd to 58.9 °C with a high level of a
commercial liquid smoke (Poyslket al. 1997).

2.6.2 Kinetic of the microorganism

The growth of microorganisms reproducing by binesgion can be plotted as the logarithm of
the number of viable cells versus the incubationeti The resulting curve has four distinct
phases: lag phase (A), exponential phase (B),ostty phase (C), death phase (D) and its
mathematical expression is called bacterial or ofie kinetics (Figure 2.1).

Log CFU/ml

Time

Figure 2.1 Growth is shown as log CFU/ml, where CFU/ml is thenber of colony forming units per ml, versus
time.
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During the lag phase, bacteria adapt themselvgsawth conditions. It is the period where the
individual bacteria are maturing and not yet abl@ivide. The lag phase has high biosynthesis
rates, as proteins necessary for rapid growth evéuged. According to Robinson et al. (1998)
concept of the lag time df. monocytogene$wo elements determine the lag time: (i) the amou
of work required of the cell to adjust to a new iemwvment and/or repair injury due to the shift to
the new environment; and (ii) the rate at whichstheepairs and adjustments can be made.

The exponential phase (sometimes called the logeloa the logarithmic phase) is a period
characterized by cell doubling. The number of neactéria appearing per time unit is
proportional to the present population. During teonential phase each microorganism is
dividing at constant rate. Exponential growth carcantinue indefinitely, however, because the
medium is soon depleted of nutrients and enrichiéld wastes.

In the stationary phase, eventually population ¢ghoseases and the growth curve becomes
horizontal. During this phase, the growth rate sloms a result of nutrient depletion and
accumulation of toxic products. The stationary ghlags a constant value as the rate of bacterial
growth is equal to the rate of bacterial death.sTpihase is usually attained by bacteria at a
population level of about 2CFU/mI. The cells in the stationary phase are mesistant to the
heat treatment (Doylet al. 2000). These authors comparegh¥alue cells in stationary phases
with exponentially phase df. monocytogenestrain 13-249. Cells in the stationary phases were
4 times more heat resistance than those from expiatg phase.

Detrimental environmental changes like nutrientrdgpion and the buildup of toxic wastes lead
to the decline in the number of viable cells chemastic of the death phase. The death of a
microbial population, like its growth during the ponential phase, is usually logarithmic.
Beyond the kinetic range, microorganisms will eitls@irvive or be inactivated. Inactivation
usually follows log-linear kinetics, characterizeg D and z-values, although the actual death
kinetics of L. monocytogenesnay be more complex (e.g. sigmoidal) functions amblve
several distinct phases, each with its own logdimate (Rossgt al. 2000). Until recently, D and
z-values were the primary methods of modeling tlaimactivation of microorganisms. D-value
(decimal reduction time) is the time required ateatain temperature to kill 90 % of the
organisms being studied. Thus after an organismedsced by 1 D, only 10 % of the original

organisms remain.
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For calculation of D-value the first order kineteggproach for inactivation rate usually used. The
first order kinetics mean that ddhcteria in a population are equally sensitivedattand will die
with a constant rate.

Killing effect can be described by equation (1)
N - Ne™ (1)

where N is the change in bacterial concentratioteraheat treatment, Nis the initial

concentration of cells, tis time and k is the i@astant specific to temperature.
To simplify, the equation (1) can be expressedlogarithm equation (2).
log (N') = log(Ny) - /D 2)

By plotting the logarithm of the surviving bactef@FU/ml) at the time (min), we get a semi-
logarithmic linear curve (Figure 2.2). Based orsthurve, D-value can be calculated with the
formula in equation (3).

D=-1/a 3

where a is the slope of the curve, and D is thealDe in minutes
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Figure 2.2 Basic inactivation kinetic. Presentation of the/@ue

By plotting the logarithm of the various D-valuagamst the corresponding temperature we get a

graph where z-value can be calculated from thees{eguation 4).
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Z=-1/a 4)
Z-value (temperature coefficient) is defined as thember of degrees of temperature (°C)

necessary to change the D-value witbgarithmic unit (Figure 2.3).

10,000
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Figure 2.3Basic inactivation kinetic. Presentation of theatue.

2.6.3 Thermal and non-thermal inactivation
The use of temperatures above the kinedicge to inactivate microorganisms can be termed
‘thermal’ processes, while the use of other growtinditions, e.g. high salt concentration or low

pH, which result in inactivation has been calledrinthermal inactivation’.

Thermal inactivation
Several studies do not support the often cited Weat L. monocytogenebas unusually high

thermal tolerance (study of Ryser (1991), liststleérmal inactivation times under different
conditions and food types by ICMSF (1996), listhafat resistance df. monocytogenesom
Compendium of Fish and Fishery Product Processaziies, and Controls (Table 2.4).



Table 2.4Heat resistance df. monocytogenegCompendium of Fish and Fishery Product Proces$azards, and
Controls, 2009)

Temp. D-Value Medium Reference

(°C) (min)

50 34.48 Blue crabmeat Harrison and Huang, 1990

50 40.43 Blue crabmeat Harrison and Huang, 1990

51.6 97.0 Lobster Budu-Amoako et al., 1992

54.4 55.0 Lobster Budu-Amoako et al., 1992

55 9.18 Blue crabmeat Harrison and Huang, 1990

55 12.00 Blue crabmeat Harrison and Huang, 1990

55 10.23 Crawfish tail meat Dorsa et al., 1993

56 48.09 Mussels, brine soaked Bremer and Osborne, 1995

57.2 8.3 Lobster meat Budu-Amoako et al., 1992

58 16.25 Mussels, brine soaked Bremer and Osborne, 1995

58 10.73 Salmon Embarek, 1995

58 7.28 Cod Embarek, 1995

59 9.45 Mussels, brine soaked Bremer and Osborne, 1995

60 2.39 Lobster meat Budu-Amoako et al., 1992

60 1.31 Blue crabmeat Harrison and Huang, 1990

60 2.61 Blue crabmeat Harrison and Huang, 1990

60 1.98 Crawfish tail meat Dorsa et al., 1993

60 5.49 Mussels, brine soaked Bremer and Osborne, 1995

60 4.48 Salmon Embarek, 1995

60 1.98 Cod Embarek, 1995

62 1.85 Mussels, brine soaked Bremer and Osborne, 1995

62 2.07 Salmon Embarek, 1995

62 0.87 Cod Embarek, 1995

62.7 1.06 Lobster meat Budu-Amoako et al., 1992

65 0.19 Crawfish tail meat Dorsa et al., 1993

65 0.87 Salmon Embarek, 1995

65 0.28 Cod Embarek, 1995

68 0.15 Salmon Embarek, 1995

68 0.15 Cod Embarek, 1995

70 0.07 Salmon Embarek, 1995

70 0.03 Cod Embarek, 1995
Z-values: lobster meat 5.0 °C, blue crabmeat 824 trypticase soy agar, crawfish tail meat 5.5r9Qssels 4.25
°C, salmon 5.6 °C, cod 5.7 °C.

Heat tolerance of.. monocytogenesan be maximised by prior sub-lethal shocks, stmess
having reached stationary phase (Retsal. 2000). These effects have been studied and modeled
(Augustin et al. 1998;Breandet al. 1997;Breandet al. 1999;Stephensgt al. 1994). Increased
thermal resistance in the presence of fat has wedely reported for other foodborne pathogenic
bacteria. Ben Embarek and Huss (1993) concludddhkaheat resistance bf monocytogenes
was higher ([gy-values 4.23-4.48 min, 26.4) in vacuum-packed sous-vide cooked (58%@p

fillets of salmon than in cod fillets g@-values 1.95-1.98 minz=5.7).
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Some scientists (Mackey and Derrick 1987;Quintavaihd Campanini 1991;Thompsen al.
1979;Tsuchidcet al. 1974) have suggested that the heating rate omh#renal inactivation is
important, especially when low processing tempeestuare employed. Thermotolerances of
bacteria due to slow heating rates have increassdchidoet al (1974) reported that the
thermotolerance ofEscherichia coliwas increasedy raising the temperature of the cell
suspension from 0 to 50°C at various rates pridrdiding at 50 °C. Mackey and Derrick (1987)
reported that the thermotoleranceSaImonella typhzmuriumwas increasedly linear heating at
rising temperatures before heating at 58 °C. Quaita and Campanini (1991) increased the
thermotolerance df. monocytogene$ieated at 0.5 °C il to constant temperatures of 60, 63
and 66 °C in meat emulsion

More recently, Stephens et al. (1994) investigatedeffect of the heating rats the thermal
inactivation ofL. monocytogenest the temperature range 50-64 fiCprocesses which had rates
of heating<5.0°C min * they assumed that the heating rate did signifigaaffect the
inactivation kinetics of a thermal process, atsaitheating between 5.0 °C and 0.7 °C ithe
deviation greatly increased as the rate of heatiageased; approximately a 1.7 x°-idld
difference at 0.7 °C mih Maximum thermotolerance was induced at rateseafihg< 0.7 °C
min™ (Figure 2.4). Stephens et al. (1994) also conduthat the increased thermotolerance
during slow rates of heating was analogous to tgeigtion of the heat-shock response. The
models described by Stephens et al. (1994) allowedafident assessments of safety to be made

not only at near instantaneous heating but alsowhe heating rate varies.
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Figure 2.4The thermal inactivation kinetics &f monocytogenesuring the holding period at 60 °C for five heating

processes with different rates of heat{mg near instantaneous heating;5.0 °C min™ ; A, 0.7°C min™; A, 0.5°C
min? ; V,0.3°C min™) presented on a modified full-logarithmic plot.

Non-thermal inactivation

It is known that in some products, e.g. heavilyteshl marinated, etc., the combination of
environmental conditions may prevent growth of marganisms and ultimately lead to their
inactivation. Usually, the more extreme conditibesds to an acceleration of rates of microbial
inactivation, but the low temperature shows soméatiens to this rule. Lower temperatures
reduce the rate of death when other factors prbgitmwth; very low temperature is routinely
used as a method of culture preservation. Non-thkimactivation may be very slow (Rostal.
2000). Ross et al. (2000) concluded that the maeshenof non-thermal inactivation are currently
poorly understood but are being studied by sevgmalps around the world, but frequently using
pathogeni®E. colias the test organism.

In most ofL. monocytogeneron-thermal inactivation studies, organic acid wassidered the
main factor causing inactivation (Beuchetal. 1986;Buchanan and Bagi 1997;Buchanan and
Golden 1994;Buchanan and Golden 1995).monocytogenesan also be inactivated with
radiation. Data of rates of radiation inactivatame summarised in ICMSF (1996).
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2.6.4 Surface heat inactivation

Investigation has indicated that at the time otigkder the muscle tissue of a healthy animal is
essentially sterile (Gill 1979). The surface of timeat is contaminated with pathogenic and
spoilage organisms during slaughter and subsedpaemtiing. If bacterial numbers on the surface
of raw food products could be eliminated, or suliss#ly reduced, immediately after slaughter or
harvest the risk of cross-contamination during pssing would be substantially reduced.

Some alternative form of terminal surface procegsnthe use of steam for decontamination of
meat that is now used extensively in the UnitedeStaf America, Canada and Australia and is
also being considered for use in the European Ugkt) (Mccanret al. 2006).

McCann et al. (2006) investigated effects of ste@asteurisation o6. TyphimuriunDT104 and

E. coli O157:H7 surface inoculated onto beef, pork andkan. Author concluded that this work
provides new information on the dynamic changespathogen numbers on uninjured meat
surfaces during steam treatmeResults of pathogen survival after heating shovied, tin all
cases, pathogen numbers declined rapidly lineangluhe first 10 s of steam treatment. This
initial rate of decline slowed during the next 5Qperiod of "tailing"), so that considerable
pathogen numbers were still present after steaatntent for 60 s (e.g. Figure 2.5).

McCann et al. (2006) explained "tailing" effect va few hypotheses: 1) physical protection of
the cells from structural changes (the presence ledat resistant sub-population, which did not
decrease over the time course of the experimeftheat shock protein formation; 3) heat
resistant sub-populations may persist becausedteegttached or located in more protected areas

of the meat surface; or they may survive by a coutimn of these factors.
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Figure 2.5Relationship between the survival af) E. coliO157:H7 and A) S. TyphimuriunDT104 and time on
beef surfaces after steam pasteurisation.

Also McCann et al. (2006) compared the results frosnstudy with other investigation. There
were difficulties in relation to predicted/calciddt surface temperature measurements. In.
McCann's study, beef samples reached a maximun3 6{C8after 60 s of heating, Hoke et al.
(2003) predicted that beef surfaces heated withnsteeached about 70 °C after about 25 s of
heating, while James et al. (2000) calculated thféase temperature of chicken to be 95.6 °C
after 10 s. These differences are reflections o tkeating conditions, substrates and
measurements used from which the data for theselsagtre derived.

Differences in the effect of steam treatment ase aresent in the commercial data. For example,
after treatment for 6.0-8.0 s, the data of Nutdc.€1997;1998) at steam/air temperatures of 92
and 82 °C, show reductions of about 1.0-1.5 logsI'#Cs. These reductions are in contrast to
those of Minihan et al. (2003) of only about 0.5adbg or less after heating at 90 °C for 10 s.
McCann et al. (2006) concluded that the reductiohtained in different studies cannot be
compared, because the recorded temperatures cetbfférent locations, either on the carcass
surface or in the chamber. Also differences in tyyges of carcasses being pasteurised, in

particular the surface lean/fat ratios, the weagid the initial levels of contamination.

34



The same year, (2006), Gaze et al. published thek wheat inactivation of Listeria
monocytogeneScott A on potato surfaces”. Gaze et al. (2008¢stigated the death kinetic lof
monocytogeneon potato surfaces (with and without skin), wheeated with a surface
pasteurisation method in a "Bugdeath rig". Gazal.ef2006) concluded effectiveness of surface
pasteurisation in the purpose-designed appardtussl possible effectively to decontaminate the
surface of potatoes without affecting texture. Example, after heating up to 90 °C within 46 s
and holding for a further 20 s, a reduction of IB@s was observed fdr. monocytogeneScott A
(Gazeet al. 2006). It may therefore be calculated that to eshigreater than 6 log reductions, a
heat treatment with a 46 s heat up followed by 4iblging at 90 °C would be adequate. The
combination of achieving 90 °C in 1 min and holdfog1 min could be applied to a wide range
of food products and would be achievable by marpesyof heating systems and industrial
practices.

James et al. (2002) carried out a short investigatin the applicability of four different heat
treatments (hot air, hot water, infra-red radiati@md atmospheric steam) for the surface
pasteurization of shell eggs. The reason for tnestigation was reduced microbial and visual
contamination of eggs during production and praogssbecause pathogens, especially
salmonella, on and in eggs are major concern fudl &afety.

The results show that temperatures sufficient thieae significant reductions in bacterial
numbers can be attained on the outside of an etfgpwtiraising interior temperatures to those
that would cause coagulation of the egg contents.

The data from Table 2.5 combined with data fromuFeég2.6.d are shown that external surface
temperature reached 92 °C for 2 s, while interealgerature were 46 °C, when treated with
steam (Jamest al. 2002). This is evidence that heat treatment wifars was most effective

treatment.

Table 2.5 Time/temperature treatments

Treatment External ‘&i Exposure time (s)
tparature (°C)

Hot air 180 8

Hot water 59 01

Infra-red 210 30

Steam 100 2
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Figure 2.6 Temperature plots of mean (n = 5) exterior andriat temperatures on the shells of eggs subjeeted:
to hot air (180 °C) for 8 s; b) to hot water (95) Gr 10 s; c) to infra-red exposure (210 °C) fér g d) to steam
(100 °C) for 2 s. Average maximum external surfieereperatures were 85 °C, 86 °C, 88 °C, 92 °C usaiair, hot
water, infra-red and steam, respectively. Averaggimum internal surface temperatures were 44 °C(H52 °C,
46 °C using hot air, hot water, infra-red and stegaspectively.

The same principle of range distribution of theeeir (T4, upper beef surface temperature) and
the interior (T6, temperature at the centre ofttbef sample) temperatures on the beef surface are
shown on Figure 2.7 (Mccaret al. 2006). Also Figure 2.7 showed differences betweagper
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(T4) and lower (T5) beef surface temperature; difiees between steam/air mixture before (T2)

and after (T3) sample heating.

o
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a 10 20 a0 40 50 &0
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Figure 2.7. Heating profiles recorded during steam pasteuoisdbr 60 s. T1, initial steam injection temperatu
T2, steam/air mixture before sample heating; T8arstair mixture after sample heating; T4, uppeff lseeface
temperature; T5, lower beef surface temperaturetdrperature at the centre of the beef samplelangredicted
surface temperature of beef surface.

In order to get a better understanding of processgpéerature uniformity for steam pasteurization,
Foster et al. (2006) used a Teflon sample. Theeandifference in temperature between the end

of the sample and the centre of 4.9 °C at endefrémtment (steam treatment 45 s).

2.7 Statistical analyses

2.7.1 Isothermal heat treatment oL. innocua in capillary tubes

Linear regression is used to find the best fitdinkne in a set oéxperimental data on a graph.
The slope of the line makes it possible to constaygrediction about how the results have been
outside the area where experimental datecallected.Based on the slope, we can also calculate

D-value (equation 3) and z-value (equation 4).

Regression coefficient,’Ris a measure of the spread of the experimentalataundrend line.

The regression coefficient is best when it is la@tale from 0-1.
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Figure 2.8 a) Logarithm of survivind.. monocytogeneplotted against time, and the regression is adajatehe
linear model (Huang 2009); b) Regression coeffigi&f (as example from current work: isothermal heattnemt

of L. innocuastrain ATCC 33090 in capillary tubes at 60 °C, the lineggression equation is log CFU/ml = 9,18 -
0,455 Time, R= 95,9 %).

The most widely used model for inactivation of lesiet is a linear first-order kinetics, but
basically, most of the survival curves are notdimgAhn and Balasubramaniam 2007;Corradini
and Peleg 2007;Peleg and Cole 1998).V.P. Valdranatal. (2006) reference to several studies
(Devlieghereet al. 2004;Huang and Juneja 2001;Valdramidisal. 2005;Xionget al. 1999),
concluded that when considering the thermal inatibwm of vegetative microorganisms, there are
eight commonly observed types of inactivation aivistor curves: linear curves, curves with a
shoulder, linear curves with tailing, sigmoidaldikurves, biphasic curves, biphasic curves with a

shoulder, concave and convex curves.

Weibull distribution has beepresented as an alternative to linear kinetics tieatment because
it can describe the tail arshoulder effects (Corradini and Peleg 2007;PelebGaole 1998;van
Boekel 2002)The Weibull model can be derived directly from limear model:

log(N)=log(No) — kt' )
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The model (5) is more general than the traditidinalar kinetics, and it allows the curve bends of
downward or upward depending anif o > 1 amplified the effect dfieat treatment time, and the
curve bends downward.If a.<1, the curve bending upwards, and theans that the heat
treatment time has less effect.

For example, logarithm of the survivihg monocytogenesn mincedbeef plotted against time
and adapted to the Weibull model have higher rsipascoefficient (R =0.993) than the linear
model (R = 0.942). In this case the Weibull model is a dretnodel than the linear model
(Huang 2009).

2.7.2 Steam surfaces pasteurisation

McCann et al. (2006) investigated effects of st@asteurisation o6. TyphimuriunDT104 and

E. coli O157:H7 surface inoculated onto beef, pork andkam. In his work statistical analyses
were carried out using SAS statistical package (SASitute Inc., Cary, NC, USA). The
relationships between pathogen numbers and treatiness (Figure 2.5) were examined using
non-linear regression to fit the negative exporadm@uation:

Y= A + BR' (6)

where Y is pathogen counts in l@anits, t is the time in seconds and A, B, and &kparameters
that must be estimated. The asymptote of the med&l the count at time zero is A + B and the
parameter R influences the rate of decay.

Predicted counts were used to examine differenedsden: 1) organisms, where meat type and
time remained constant; 2) meat types, where osgaiand time remained constant; 3) times,
where organisms and meat types remained constant.

An example of estimated standard deviation betwephcates (SR) and between times (SP

for E. coliO157:H7 on differences between meat types showédlle 2.6.

Table 2.6.Estimates of R, B and A and of goodness of fit (@iance) for the negative exponential equation and
standard deviation between replicates {5&8nhd between times (SP(Mccannet al. 2006)

Organism/substrate R B A % Variance SP Sk
E. coliO157:H7

Beef 0.95 2.65 4.95 83 1.73 0
Chicken meat 0.94 43.2 4.29 56 9. 0.42
Chicken skin 0.84 538. 3.90 88 .98 0
Pork 0.92 3.89 4.50 81 0.81 0.34




Valdramidis et al. (2006) used to describe the ot inactivation oL.. monocytogeneScott A
a reduced version of the dynamic sigmoidal-like eio@vhich includes three parts: shoulder,
log-linear inactivation and tailing and was coneted for microbial inactivation by mild heating)
of Geeraerd, Herremans, and Van Impe (2000). Kgaajoand Portanguen (2008) calculated
results of the survival of. innocuasurface-inoculated onto chicken skin after treameith
superheated steam by two coherent models: the BWieiail” model (Albert and Mafart 2005)
and the “biphasic-shoulder’” model (Geeraatdal. 2005) are compared to measurements in
Figure 2.9.

Bacterial counts (log,, cfu/cm?)
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Figure 2.9 Description of the inactivation dfisteria innocuaCLIP 20595 by relation (6and by the two basic
inactivation models included in the GlnaFIT softevavhich agree the best with experimental resulthén 96 °C
steam treatment (Kondjoyan and Portanguen 2008).

The Weibull plus tail model correspond to the faliog mathematical relation:

N=(Ng-N;ed 10774+ N e (7)

where N is the microbial population at time t (gtsnds), N and Nesthe initial and the residual
microbial population respectively; p and delta paeameters which minimize the mean sum of
the square error between the results calculateddmels and the experimental values.

In the “biphasic-shoulder” model the shoulder l#mg not used (shoulder length equals to 0)
and the relation reduces to:

log(N)=log(No)(f e ** ™ +(1-H)e*? ™)) (8)
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where N is the microbial population at time t (gcends), N the initial population and, kimax
and kmax are parameters which minimize the mean sum obthmre error between the results

calculated by models and the experimental values.

3. Materials and methods

Recipes for media specified in Chapter 6. Appendix.

3.1 Test organism
L. innocuastrains ATCC 33090 and CCUG 35613 were used asgates folL.. monocytogenes
for isothermal heat treatmemt capillary tubesL. innocuastrain ATCC 33090 was used for

steam pasteurisation on fish product surfaces.

3.1.1 Freezing of bacterial cultures in Microbank

Microbank® (Prolab Diagnostic) is a freezing systéon storage microorganisms. This is a
sterile container that consists of porous ringa aryopreservative solution (glycerdl).innocua
strains CCUG 35613 and ATCC 33090 were grown froastimg cultures at Nofima. The
bacteria were taken from the colonies of the TSANri dishes with a sterile plastic loop and
transferred to the Microbank® tubes. Microbank® wghsken 5 times, so that bacteria would
penetrate the pores. After that, the cryopresergatolution was removed and the bacteria stored

at -70 °C on the rings. Two Microbank® tubes wegmfor each bacterial strain (Figure 3.1)

Figure 3.1Microbank® (Prolab Diagnostic) with.innocua
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At the last step a control was carried out: to ifélee transfer had been successful and whether
there were signs of contamination. This was donérbyincubating each bacterial strain in 10
ml TSBYE at 37 °C over night. Then the bacteriaevglated on TSAYE and incubated at 30 °C

for 24 hours and checked for colony growth .

3.1.2 Cultivation of bacteria

Figure 3.2 Microbank ring in TSBYE.

In order to get unstressed bacterial culture, bactgere grown in two steps. In step one: the
Microbank ring (Figure 3.2) from frozen storage #v&nansferred to 10 ml TSBYE and incubated
at 37 °C degrees to the stationary phase, approeiyna0 hours. The next step: the bacterial
culture of 2ul from stationary phase was transferred to 20 BYS in a Erlenmeyer bottle and

placed in shaking incubator at 150 RPM and 37 AiCl®hours. These conditions resulted in a

bacterial suspension with approximately OFU/ml in early stationary phase.

3.2 Isothermal heat treatment ofL. innocua in capillary tubes
3.2.1 Calibration of the water bath

To confirm that the temperature distribution in tisgter bath was stable, it was made validations
with temperature loggers. The temperature loggiqgimenent consisted of 10 thermocouples.
These thermocouples were spread over 5 racks dflacgppubes where each of the positions was

tested in separate experiments (Figure 3.3).
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Figure 3.3. Overview of sensor placement. Top and bottom hwie® not suitable for the capillary. Position 5 ha
a plastic tube attached, this was used to keepehsors in the correct position.

The top position (1) was 7.2 cm from the botton® (€m from the water surface), in centre (2)
was 5.8 cm from the bottom, and the position (3 W2 cm from the bottom (Figure 3.3).
Temperature logging was done without the lid on weter bath, and then heat treatment

experiments were carried out without lid.

The reference temperature was measured with aratd thermometer. The temperature was
recorded every 2 second for a total of 15 minusasgithe computer program (LabVIEW, Dell
Latitude D600). Logging was conducted at 60 °C ¥eater bath Lauda 1 (Lauda Ecoline
Staredition E300 012).
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3.2.2 Heat treatment in capillary tubes

A 1 ml volume of a bacterial culture in early statry phase was transferred to a 1.5 ml sterile
Eppendorf tube and centrifuged at 16000 G for 1@uheis. The supernatant was removed and the
pellet resuspended in 1 ml TSBYE.

b)

Figure 3.4. a) Sterile capillary tube. b) Pictures shows hbev¢apillary tube was filled with a bacterial susgien
using a sterile syringe and needle.

Using a sterile syringe with long needle, 10®f L. innocuainoculum was transferred to 2Q0
sterile capillary tubes (BLAURAND ® intraMARK 70873 (Figure 3.4.b).

In advance, the tubes were marked for volume of dlO@~igure 3.4.a). The tubes were then
sealed at each end by melting the glass with gasebuAfter sealing the tubes were placed
vertically to confirm that the tubes were airtigho movement of the inoculum in the tube).

A capillary tubes assembly was used for heat treatr{Figure 3.5), which consisted of magnetic

rails that allowed capillary racks to be easily oed during heat treatment. Each rack could
attach 3 capillary tubes.
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Figure 3.5Capillary assembly. Capillary racks attached to medig rails.
Heat treatment was carried out in a water bathowitla lid (Figure 3.6.a). After completing the
heat treatment, samples were placed on ice for02€e8onds to stop the inactivation of bacterial
cells. After cooling, capillary tubes were washeithvethanol and air dried (Figure 3.6.b). The
tubes were opened by filing a notch in each end,then the ends were broken and the contents

were transferred to 1.5 ml Eppendorf tubes.

Figure 3.6a) Heat treatment in water bath. b) Air drying
Both strains were heat treated at 59 °C, 59.5 &N °C. Three experiments were carried out

for heat treatment at 59 °C and 60 °C and two &at hreatment at 59.5 °C with two parallels for
both strains of.. innocuato each temperature. Capillary tubes with bacteuapension that had

not been heat-treated were plated for each expetifibis was done to confirm that was nothing
wrong with the cultivation factors (pure culturepgth medium and initial concentration of cell).

Initial concentration was approximately®’OFU/ml in the bacterial suspension.
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3.3. Isothermal heat treatment of.. innocua on fish product surfaces by using

steam

3.3.1 Fish product sample preparation and inoculatin

The surimi “model-product” (surimi, Hake (Pacific hiting), FDA CFN 3026665, Newport,
USA) was transferred from freezer (-30 °C) to gdrator (0—4 °C) and thawed about 24 h
(Figure 3.7.a). Then the surimi “model-product” was to approx 10 mm height (level of small
Petri dish) with a sterile scalpel. Inoculum (fr@rl.2) of 100 ul was spread over the entire
product surfaces of the dish, giving an inoculumasmtration of 1 CFU per surfacéFigure

3.7.b). After inoculation, samples were left to dnya sterile cabinet for 1 h.

a)

Figure 3.7 a) Surimi “model-product” . b) Inoculation of suiiffmodel-product”

3.3.2 Heat treatment apparatus

A detailed description of the experimental testaapfus and analysis of its functioning has been
given by Fosteet al (2006). Briefly, the apparatus is fully computentrolled and designed to
consistently produce known heating time temperare@ments at food surfaces (Figure 3.8).
The BugDeath heat treatment equipment can heatutti@ce of a food from 8 to 120 °C in 14 s,
cool from 120 to 40 °C in 28 s and then to 8 °Gimin. There is an average control error of

approximately +1 °C and a temperature variationr dkre surface of the sample of only 1.2 °C.
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The apparatus has four operation units of treatrpemtess: dry heating only, dry heating plus
cooling, wet heating (steam) and wet heating ploslicg. The surface temperature of food

samples are controlled by software with graphicarunterface (GUI).

Figure 3.8 BUGDEATH apparatus

The apparatus can be accommodated on a benchhtestdam generator and cooler are separate
units, but bench mountable. In order to improvertte of cooling and uniformity, the apparatus
was designed with four chambers (quadrants) anchéating or cooling medium introduced
perpendicular to the surface of the sample. Thenblea was constructed from aluminium (320
mm x 320 mm x 260 mm high) and split into quadrdatsthe different processes: dry heating,
cooling, wet heating (steam), loading (Figure 3.9(ne outer side of each quadrant contained
toughened glass panels through which the procegd be viewed.

A sample was initially placed in the loading sectaf the chamber. When the start button on the
GUI was pressed, the sample was rotated into whéhsection of the chamber was required at

that time i.e. dry heating, cooling or steam.

47



b)

IR sensor
+=—>  365mn
A\Y
\ proccess
130 mn
1 —IA
il
L] _IJ
W""IIIIIIIIIIIIIIIIIIIIIIE
exhaust
Slepper motc
Steam nozzle ,
and drive be
Cooling
IR sensors -
\\ \
Samplé >

320 mm

260 mm

320 mm

Figure 3.9 Vertical section(a) and plan view (b) of the agpas (Fosteet al. 2006).
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3.3.3 Steam pasteurisation

In advance of pasteurisation, the control softwamnethe computer was run: All programs-
Bugdeath Controller- Bugdeath Controller 4.0.2. Mhige filename of the log file was inserted.
This file recorded temperatures and other inforamatjrequired for fault finding) during the
experiment and it could later be viewed in Micradexcel.

At the next step, in the Bugdeath Controller 4.@@ftware (Figure 3.10.a) process type (wet
heating) and heat duration (in seconds) was seldoteeach experiment. A detailed description
of the safe operating procedures was given in enfmercial Bugdeath rig Instructions for
Norconserv”.

After the drying period, an inoculated sample wésced into a metal sample holder in the
apparatus (position 1, Figure 3.8). A pneumatiai@cr was moved the sample into a heating
chamber, where steam is introduced, using an injecizzle.

Three setups of experiments were performed: 1)3® s, 2 min; 2) 10 s, 1 min, 3 min; 3) 15 s,
1.5 min, 4 min with two parallels each. Each expernt consisted of three replicates and each
was performed on separate days.

a)

Figure 3.10 a) Screen of the Bugdeath Controller 4.0.2. b) Sicmer bags with samples

Following pasteurisation, samples were removed filoenapparatus within 10 s and placed into
stomacher bags containing 50 ml of peptone watgu(€ 3.10.b). Inoculated sample discs that

had not been heat-treated were subjected to the saotessing and were plated for each
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experiment. This was done to provide control datdahe initial bacterial numbers on inoculated
discs.

Before examination for the presence of bacterialigars, each sample was homogenised for 3
min (in 50 ml of peptone water) in a Stomacher labwy Blender (Seward, Medical,
England)(Figure 3.11.a).

b)

Figure 3.11 a) Stomacher Laboratory Blender. b) Stomaches batlh samples before and after homogenisering.

3.4 Calculation of results
To determine the effect of heat treatment expentm@8AYE was used as recovery medium.

3.4.1 Dilutions in wells plate
Prior to plating, dilutions were made of the heaated bacterial suspension (Figure 3.12). In
both heat treatments TSBYE was used as mediumilédiots.

Dilutions of bacterial suspensions ok. innocua after heat treatmentin capillary tubes.

From each Eppendorf tube with bacterial cultureub®as transferred to the wells in row A,
which contained 45Ql TSBYE. This dilution 1:10 were homogenized withraultichannel

pipette, and then 10d was transferred to the wells in row B, which @néed 90Qul TSBYE.

The procedure to transfer 1@0to 900 ul TSBYE was continued down the columns until the

desired dilution was achieved.
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Figure 3.12A VWR wells plate with 96 wells, each 1.2 ml.

Dilutions of bacterial suspensions ofL. innocua after heat treatment on fish product

surfaces

From each stomacher bag with homogenised bacteritaire 500ul was transferred to the wells
in row A, which contained 50Qu TSBYE. This dilution 1:2 were homogenized with a
multichannel pipette, and then the homogenate 6filQvas transferred to the wells in row B,
which contained 90@l TSBYE, and finally row B giving a dilutions of 10 (e.g. with initial
concentration of OCFU dilution will give 16 CFU). The procedure to transfer 1,0Go 900yl
TSBYE was continued down the columns until the @eisdilution was achieved.

3.4.2 Enumeration after heat treatment
The EDDY JET (Figure 3.13) is plating equipmeningsa spiral inoculation system. This is an
alternative and time saving method compared tatioa@l plating. It is time saving because one

bacterial dish covers up to tree dilutions, e.g* 20.0°,

The principle of spiral inoculation system is tlaaknown volume of a sample is placed on agar
plate with decreasing volume (Archimedesspiral)rfrthe centre to the edge of the disc. The

volume of the liquid, Vs per millimetre of the sqlitrack is given by (9):
Vs = (DF)(A) 9)(

where DF is the number of microlitter liquid platpdr square millimetre and A is the distance

between near spiral in millimetres.
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Figure 3.13 EDDY JET.

For regeneration after heat treatment, bacteriii@iwas plated on TSAYE using EDDY JET.
In most trials 2 dilutions were used based on whdihtions that could be expected to give
countable growth. Each Eppendorf tube was placetuaily under the nossle. The same needle

was used within dilution series, but was change@éah new sample.

3.4.3 Counting
Since the plated volume on the agar plate was kndvwaould be used as a count chart (Figure

3.14.a). Area 3 and 4 were adapted to 10 cm Pmstied. The remaining areas were for dishes

with larger diameter.
For an easier counting a colony counter (Stuarb@plCounter SC6) was used (Fig. 3.14.b).

The result of the count after isothermal heat imegit in capillary tubes was added to the Excel
and processed in Minitab to calculate D-values statistical parameters regression coefficient
(R*adjust) and standard error (SE).
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Figure 3.14. a)Counting plate for EDDY JET spreader and colonyntsu3c segment (marked in red) corresponded
to the outermost part of a 10 cm Petri dish. b@glcounter.
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4. Results and discussion

4.2 Inactivation kinetics ofL. innocua in capillary tubes

Results of calibration of the water bath are spetifn Chapter 6. Appendix. The water bath
Lauda 1 was capable to maintain a uniform tempegaduring the entire thermal process. The
variations of the temperature in different partshef water bath were small (+ 0.2 °C).

The experiment with capillary tubes was used fat tratment at 59 °C, 59.5 °C and 60 °C.of
innocuaATCC 33090 and.. innocuaCCUG 35613. It was carried out three experimemthéat
treatment at 59 °C and 60 °C and two for heatrmeat at 59.5 °C with two parallels for both
strains ofL. innocuaat each temperature. These experiments were ddsigita a lower
detection limit of log 3 (CFU/ml). After heat treagnt bacterial solutions were diluted and plated
on dish Petri with TSAYE using EDDY JET. The ba@ewrere incubated at 30 °C and counted
after 5 days. The bacterial counts from heat treatrexperiments with. innocuaATCC 33090
andL. innocuaCCUG 35613 were added to a pivot table in Excel Binitab, and plotted to
illustrate the effect of temperature and time. §raphs in Figure 4.1 and Figure 4.2 show the log
CFU/ml as a function of time at each heat treatmentperature. Each point on the graphs
represent result of one experiment and one parallehber of the replicates showed on graphs as
(1), (2), (3) at each temperature.

The heat treatmemb capillary tubes is a classical heat treatmetiouit any modifications. The
Figure 4.1 and Figure 4.2 show that inactivationLoinnocua ATCC 33090 and.. innocua
CCUG 35613 follows log-linear kinetics with constaate inactivation in the specified area
(between log 9 and log 3 (CFU/ml). Based on how dh& fit to a straight line, regression
coefficient (R), standard error (SE) and standard error of De/§8ED) were calculated. The D-

values were calculated for all experiments withftrenula from the theory section (equation 3).
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Variable
—@— Log CFU/mI 59 * Time (1)
—M— Log CFU/mI 59 * Time (2)

Log CFU/mI 60 * Time (1)
—& - Log CFU/ml 60 * Time (2)

Log CFU/mI 59.5 * Time (1)
—«4— Log CFU/mI 59.5 * Time (2)
—w— Log CFU/mI 59 * Time (3)
——~— Log CFU/mI 60 * Time (3)

Log CRU/ml

Time (min)

Figure 4.1 Survivors ofL. innocuaATCC 33090 at different heat treatment temperatasea function of time.

Variable

Log CFU/mI 59 * Time (1)
Log CFU/mI 59 * Time (2)
Log CFU/mI 60 * Time (1)
Log CFU/mI 60 * Time (2)
Log CFU/mI 59.5 * Time (1)
Log CFU/mI 59.5 * Time (2)
Log CFU/mI 59 * Time (3)
Log CFU/mI 60 * Time (3)

Hivten

Log CRU/ mi

Time (min)

Figure 4.2 Survivors ofL. innocuaCCUG 35613 at different heat treatment temperatasea function of time



The Table 4.1 and Table 4.2 show the D-values (mégression coefficient fRstandard error
(SE) and standard error of D-value (SED) forinnocuaATCC 33090 and.. innocuaCCUG
35613, respectively.

Some results (Table 4.1 and Table 4.2) showed émression coefficients: 0.877 at 59.5 °C for
L. innocuaATCC 33090 and 0.868 at 59.5 °C farinnocuaCCUG. In general, for experiments
with both strains, regression coefficients were loampared with the literature with similar
experimental design, wheré Reere above 0.99 (Alvarez-Ordonetzal. 2009;Milleret al. 2009).
The large spread of the experimental datj (Ray be explained with theory that the bacteria
form clumps before and during a thermal processv€pal990). Bacteria in clumps have a
different exposure to the heat and especially tHetdsia in the centre of the clump will be more
protected from the heating. A size and densityhef ¢clump have influence on heat resistance.
Also, other factors may have influence on theselltgse.g. technical skills, handling of the
bacteria, problems with enumeration.

Table 4.1D-values (min), regression coefficientjRstandard error (SE) and standard error of De/4&ED) forl.
innocuaATCC 33090

Temperature, °C D-value, min ’R SE SED
59 2.65 0.980 0.01 0.15
59 2.96 0.964 0.01 0.25
59 2.25 0.986 0.01 0.11
59.5 2.32 0.956 0.02 0.20
59.5 1.88 0.877 0.04 0.30
60 1.20 0.996 0.01 0.04
60 2.10 0.958 0.02 0.17
60 1.45 0.942 0.04 0.16
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Table 4.2D-values (min), regression coefficienffRstandard error (SE ) and standard error of Dxv4SED) for
L. innocuaCCUG 35613

Temperature, °C D-value, min ’R SE SED
59 3.06 0.964 0.01 0.25
59 2.72 0.919 0.03 0.38
59 1.85 0.957 0.03 0.18
59.5 1.98 0.921 0.03 0.24
59.5 1.83 0.868 0.05 0.31
60 1.45 0.899 0.07 0.31
60 1.66 0.921 0.04 0.24
60 1.40 0.869 0.59 0.30

The average D-values far innocuaATCC 33090 were B3 =2.62 minutes, B s5=2.1 minutes,
Dso=1.58 minutes. The average D-valueslfoinnocuaCCUG 35613 were §3=2.54 minutes,

D59 5=1.91 minutes, EB=1.50 minutes.

It was a special background for the design thisedrpent with the range of heat treatment
temperature 59 °C, 59.5 °C and 60 °C. In a preveyseriment with capillary tubes at Nofima

some inconsistent results were found (Olsen, 2(01&hle 4.3).

Table 4.3D-values (min) forL. innocuaATCC 33090 and.. innocuaCCUG 35613 (from master thesis by Olsen
(2010).

D-value, min
Temperature, °C L. innocuaATCC 33090 L. innocuaCCUG 35613
59 2.19 282
59 3.70 2.80
60 291 1.74
60 3.11 2.45

Inconsistent results were found for the averageales forL. innocua ATCC 33090. The

average D-value at 59 °C was lower (2.95 minutes) the D-value at 60 °C (3.0 minutes). Also
for L. innocuaCCUG 35613 small differences were found betweeritvalues at 59 °C and 60
°C. As opposed to Olsen (2010), results from theect work showed difference between
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average By-values, [y s-values and B-values. The difference betweengbvalues and B s
values was 0.52 minutes; betweegvalues and EB—values was 1.04 minutes fbr innocua
ATCC 33090. The difference betweerngbralues and E) s—values was 0.63 minutes; between

Dsg—values and B—values was 1.04 minutes forinnocuaCCUG 35613

In the experiment of Ahn and Balasubramaniam (2@0TnocuaATCC 33090 was cultivated
in TSBYE at 30 ° C for 20 hours (early stationahage), heat treated at 60 °C in TSBYE and
regenerated on TSAYE at 30 °C. This gave @=R.43 minutes. In other similar experiment
Miller et al. (2006) used.. innocuaNCTC 10528 at the same conditions, he found thgt273
minutes. In the current work thesgvalues ofL. innocuaATCC 33090 was 1.58 minutes, that is
for 1.05 and 1.15 minutes less that in the work&lof and Balasubramaniam (2007) and Miller

et al.(2006), respectively.

Both strains oL. innocuawill be inactivated with the normal pasteurisati@d °C for 2 minutes
or 72 °C for 15 seconds. This treatment is alsontiremum requirement for products that will

have shelf life for up to 10 days, e.g. milk pastation (FAIR programme, EU, 1997).

4.2 Inactivation kinetics of L. innocua on fish products surfaces with using

steam

Listeria innocuastrain ATCC 33090 was used for steam pasteurisatiofish product surfaces.
It was carried out three experimental designs: 4) 30 s, 2 min; 2) 10 s, 1 min, 3 min; 3) 15 s,
1.5 min, 4 min with two parallels for each heatatreent time. Each experiment consisted of
three replicates and each was carried out at Sepdasgs.

After heat treatment bacterial solutions were éiluand plated on dish Petri with TSAYE using
EDDY JET. The bacteria were incubated at 30 °C emghted after 3 days. Data from heat
treatment experiments (bacterial counts) was added pivot table in Excel and plotted to
illustrate the effect of steam pasteurisation. Thange in pathogen numbers on the fisbduct

surfacesduringsteanmtreatmentgor 4 min is presented in Figure 4.3.
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Figure 4.3 Survivors ofL. innocuaATCC 33090 on fislproductsurfaceduring steanmtreatments as a function of
time.

The average survivolts innocuaATCC 33090 on fislproductsurfacesuringsteam treatments
as a function of time are presented in Figure 4.4

The graphs in Figure 4.3 and Figure 4.4 show thestcéerial numbers declined rapidly during the
first 15 s of steam treatment with 2.2 Jp@FU reduction, the first 5 s was 1.6 {Jp§¢FU
reduction, the next 10 s was only 0.6.(0@QFU. This initial rate of decline slowed down dgin
the next 45 s with 1.5 lgg CFU reduction. After 60 s of steam treatment baterumbers
declined very slowly, so that bacterial numbersenstill present after steam treatment for 4 min.
The reduction in bacterial numbers between 60 s4amih of steam treatment was very low with
1 logio CFU for 3 min. A similar effect of bacterial redigt was shown by McCann et al.
(2006).
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Figure 4.4 The average numbers between the replicated expatsniier L. innocuaATCC 33090 on fish product
surfaces during steam treatments as a functiomef t

The results of pathogen survival after heating (dfeccet al. 2006) showed that, in all cases,
pathogen numbers declined rapidly linear duringfitst 10 s of steam treatment, initial rate of
decline slowed during the next 50 s (period ofiifigl’) and considerable pathogen numbers were
still present after steam treatment for 60 s (FBguB).

The inactivation oL. innocuain steam surface pasterisation of fish produatsndit follow log-
linear kinetics, because several factors had inflteeon heat resistance of bacteria (Figure 4.3
and Figure 4.4). These figures showed a pattetnpdfasic inactivation of. innocuain which
there was an initial rapid (15 s) linear decreaséacterial numbers, followed by period of
“tailing”(225 s), during which no considerable retion occurred.

The non-linear inactivation kinetics bf innocuamay be explained with a few hypotheses. First,
the steam surface pasteurisation of fish prodsgatsdre complicated system, because the surface

constitutes a two-dimensional food structure. Tlaew content and water activity may change

6C



quickly in the two-dimensional food structure. Algsbe bacteria can be attached or located in
more protected areas (channels and microchannetsud) of the fish products surface. These
channels and microchannels may harbour reservdiishwa rapid surface treatment will not
inactivate. Specifically, steam heating can filclsuchannels and microchannels of issue with
water, during steam condensation on cold produtases (Kim et al., 1996). The water in these
structures may not reach high temperatures to tk#l enclosed cells. This water reaches
temperatures of 50-60 °C, differences in cell suavicould arise, due to variation in the
production of heat shock (Mccarat al. 2006). An examination with an electron microscope
could have revealed attachment or locatioimnocuain channels and microchannels of issue of
the surimi surface, but this was out of the scdpéis thesis.

McCann et al. (2006) explained non-linear inactosatkinetics ("tailing” effect) with the
presence of a heat resistant sub-population, whidhnot decrease over the time of the
experiment. Heat resistant sub-populations mayigiebgcause they are attached or located in
more protected areas of the product surface. Aty may represent those cells capable of
mounting an effective heat shock response or thay sarvive by a combination of these two
factors (Mccanret al.2006).

Several investigations indicated that rapid resperin heat shock protein formation of less than
1 min have been observed$almonella Enteriditis PTAndPseudomonas aeruginogallan et

al. 1988;Humphesoret al. 1998). Frisk and Ison (1998) reported that in expents with
Haemophilus ducreythe presence of heat-shock proteins was assoaatiedinding of cells to
the host and to each other.

In conclusion, it is likely that the non-linear atevation kinetics oL. innocuaATCC 33090 with
increasing variation in experimental data afterslbf steam treatment (“tailing” effect) is a
reflection of the potentially different conditionaused by microenvironments on the surface.

In order to describe the microbial inactivationlofinnocuaATCC 33090 several parameters
must be estimated, e.g. A, B, C - parameters frormdila (6). In the current study was not
enough experimental data for the mathematical gegu. For thermal inactivation of vegetative
microorganisms, there are eight commonly obserypést of inactivation or survivor curves:
linear curves, curves with a shoulder, linear carwéh tailing, sigmoidal-like curves, biphasic
curves, biphasic curves with a shoulder, concadecanvex curves (Valdramidet al. 2006). As

an example, Kondjoyan and Portanguen (2008) caémulileesults of the survival df. innocua
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surface-inoculated onto chicken skin after treatnweith superheated steam by two coherent
models, the “Weibull-tail” model (Albert and MataR005) and the “biphasic-shoulder” model
(Geeraercet al. 2005) (Figure 2.9).

In the current laboratory experiments it was cratptimal conditions for growth and
regeneration fot. innocua It was also used high initial levels of surfaantamination (198
CFU). Incubation temperature and growth media beforeadted heat treatment are factors that
have major effect on heat resistance. The temperaluring growth affects lipid biosynthesis,
the composition of membranes, apbtein synthesis (Juneja and Eblen 1999b). Inctiveent
study incubation and regeneration temperatures ®éréC and 30 °C, respectively. This was
optimal growth temperature fdr. innocug andListeria in general.Several studies have shown
that L. monocytogeneblas a higher heat resistance when it is grownrbedfeat treatment at
higher temperatures than at low temperatures (dwarej Eblen 1999b;Smith and Marmer 1991).
In addition, composition of the growth medium, @4lt concentration and water content plays an
important role. TSBYE was used as growth medium &&AYE as regeneration medium.
Compositions of these media have positive influemicecultivation of the bacteria. Miller et al.
(2006) showed thdt. innocuaincubated on the non-selective medium tryptoneasagyar with
0.6 % yeast extract (TSAYE) gave higher numberrdfiat treatment than on two selective
media, and among the selective media gave TSAYE wi% salt lower survival rates than

Palcam.

In practical application in the industry, surimiather fish products (with specific water activity,
pH and texture) will be the food surface matrix &tachment, heat treatment and regeneration.
Here will be more difficult to have control overtindividual growth factors dfisteria. Also the
bacteria can be attached or located in more pedesteas (channels and microchannels of issue)
of the fish products surface. However, in real fisbducts the number afsteria is much lower
than the contamination levels fIDFU) used in this study.. monocytogenegvels in foods are
generally low (0 to TDCFU/g with 90 to 99 % being below 42GFU/g and less than 1 % being
between 19 and 16 CFU/g)(Swaminathan, 2001). Also, steam pastetmisawill reduce the
numbers oListeria and in combination with aseptic packaging andgefator temperature will
increase the shelf-life of seafood. However, itdifficult to achieve a 6 log reduction using

surface pasteurisation. Many studies suggestedatiiatiety of treatment temperatures and times
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are used to decontaminate meat, with results frionost no effect to 1.0 to 4.0 log reductions
(Jame<=t al.2000;Minihanret al. 2003;Phebust al. 1997;Whyteet al. 2003)

In this experiment steam treatment of samples @os §ave total 3-4 lagCFU reduction. But it
must be noted that in this experiment steam treattro samples for 60 s or longer had not
considerable reduction of bacterial numbers contptovehe goal of 6 log reduction (Figure 4.3,
Figure 4.4), and after 60 s most likely had an sivdble effect for quality of the product.
McCann et al. (2006) reported that meat surfacéisarsamples had a cooked appearance after 10
s or longer.

For further work, it can be interesting to inveats superheated steam as an alternative form of
treatment on fish product surface. Kondjoyan andtaPguen (2008) investigated effect of
superheated steam on the inactivationLofinnocua (CLIP 20595) surface-inoculated onto
chicken skin. They reported that superheated steasn clearly more bacterial inactivation-
efficient than non-superheated steam, leading tcaarage reduction of more than 5 il9g
CFUlcnt after 30 s of treatment. However, Kondjoyan anddPmguen (2008) added that large
variations in surviving cell numbers @&f. innocuawere observed between replicates which

cannot be explained by variations in the heatneat.



5. Conclusion

The thermotolerance df. monocytogenebas been a widely studied, but the results arenofte
conflicting. Some of the differences can be ex@dirby inaccuracies in the method of data
analysis (Colest al. 1993). In order to get better understanding ofitiaetivation kinetics of..
innocuatwo different experimental desigimsthe current study were used: 1) using classical hea
treatment in capillary tubes; 2) using steam o fioduct surfaces.

The heat treatmemh capillary tubes is a classical heat treatmemiouit any modifications. The
inactivation of L. innocua ATCC 33090 andL. innocua CCUG 35613 followed log-linear
kinetics with constant rate inactivation. D-valuis both strains ofL. innocuawere low
compared to literature D-values (Ahn and Balasularaam 2007;Milleret al. 2006). The [y
values ofL. innocuaATCC 33090 from current work was 1.58 minutest tedor 1.05 minutes
less that in the work of Ahn and Balasubramania@0?2 and for 1.15 minutes less that in the
works of Miller et al. (2006). The results of D-values for both straih&.onnocuafrom current
work fit into the data-set of Olsen (2010) in taage 59-60 °C.

L. innocuastrain ATCC 33090 was used for steam pasteurisatiofish product surfaces. This
experiment provides new information on the dynami@nges, in bacterial numbers bof
innocuaon fish product surfaces during steam treatmehhofigh steam is widely used for the
reduction of pathogens on the surface of animatasses and poultry products, limited
investigations of fish product surface pasteurisatiave been carried out.

The inactivation ot.. innocuain steam surface pasteurisation of fish produictsdt follow log-
linear kinetics. Bacterial numbers lofinnocuaATCC 33090 declined rapidly during the first 15
s of steam treatment in “BugDeath” rig. This iritiate of decline slowed during the next 45 s.
However, after 60 s of steam treatment bacteriaibers declined very slowly, so that bacterial
numbers were still present after steam treatmem foin. In this experiment steam treatment of
samples for 60 s gave total 3-4 19GFU reduction, but after 60 s had not considereddieiction

of bacterial numbers and most likely had an undétereffect for quality of the product.
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6. Appendix

6.1 Media

Preparation of the TSAYE (Tryptone Soya Agar with 06 % Yeast Extract)
20g TSA [Oxoid CMO131]

39 yeast [Merck 1.03353.0500]

500 ml Elix water

» Mixed with a magnetic stirrer

* Autoclavered at 121 °C for 15 min.
* Poured in 10 cm Petri dishes.

» Store at 4 °C.

Preparation of the TSBYE (Trypsin Soya Broth with Q6 % Yeast Extract)

15g TSB [Oxoid CMO129]
3g yeast [Merck 1.03353.0500]
500 ml Elix water

» Mixed with a magnetic stirrer
« Autoclavered at 121 °C for 15 min.
* Store at 4 °C.

Preparation of the peptone water (buffered)

25.5 g peptonfMerck 1.07228.0500]
1000 ml Elix water

» Mixed with a magnetic stirrer
« Autoclavered at 121 °C for 15 min.

» Store at 4 °C.



Temperature [ C]

6.2 Calibration of the water bath

The water bath Lauda 1 was calibrated at 60 °C.réference temperature was measured with a
calibrated thermometer, deviation was -0.1 °C. % first step the 10 thermocouples (T01-T10,
Figure 6.1.a) were measured in top position (Figu8e position 1).

The temperature distribution in top position in Whater bath is shown on Figure 4.1.a

- —T01(: C
Temperature, Top position 0

——T02(3C)

59,90
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59,80 A
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50,70 il 'lw U h oL 5 e g
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Figure 6.1.a The temperature distribution in the water bathdaa in the top positian

The measurement for water bath, illustrated in Fedul.a, Figure 6.1.b and Figure 6.1.c showed
the evidence that temperature chances every 2hgibe iall 10 thermocouples. The temperature
maximum in the top position was showed thermocoupl® (59.83 °C); the temperature
minimum in the top position was showed thermocodlé (59.55 °C). The difference between

maximum and minimum temperature (Max-Min) °C in tbp position are shown on Figure 6.2.a
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Figure 6.2.a The difference between maximum and minimum tempesgdMax-Min) °C .

At the second step the 10 thermocouples (TO1-Tigyr& 6.2.b) were measured in the centre
position (Figure 3.3, position 2). The temperattigribution in centre position in the water bath
is shown on Figure 6.2.b. The temperature maximanthe centre position was showed
thermocouple T09 (59.77 °C); the temperature mimmua the centre position was showed
thermocouple T0O3 (59.40 °C). The difference betwesmximum and minimum temperature

(Max-Min) °C in the centre position are shown ogu¥e 6.2.b

At the last step the 10 thermocouples (TO1-T10ufEg6.2.c) was measured in the bottom
position (Figure 3.3, position 3). The temperatisgribution in bottom position in the water bath
is shown on Figure 6.2.c. The temperature maximmanthe bottom position was showed
thermocouple T09 (59.71 °C); the temperature mimima the bottom position was showed
thermocouple T03 (59.34 °C). The difference betwasximum and minimum temperature

(Max-Min) °C in the bottom position are shown ogiiie 6.2.c.
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Figure 6.1.b The temperature distribution in the water bathdaali in the centre position.
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Figure 6.2.b The difference between maximum and minimum tentpezgMax-Min) °C1 in the centre position
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Temperature, Bottom position
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Figure 6.1.c The temperature distribution in the water bathdzat in the bottom position
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Figure 6.2.cThe difference between maximum and minimum tenmpeggMax-Min) °C in the bottom position.
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