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Summary

A study was undertaken to determine the food safety of the fermented Maori
delicacy, Toroi. Ten batches of Toroi were prepared by a commonly used
traditional method that consisted of boiling the vegetable component, either
watercress or puha, and combining it with chopped mussel flesh. The mixture
was cooled and then stored in arefrigerator for up to eight monthsto allow
natural fermentation to take place. All ingredients were sourced from retail
outlets. The Toroi was examined at intervals over eight months for a range of
pathogens (seven in all) that have been related to incidents of food poisoning in
ready-to-eat foodsin New Zealand. The survival of afaecal contamination
indicator, the laboratory grown strain Escherichia coli NZRM 916, was mapped
over eight months. Two strategies to prevent the growth of Listeria

monocytogenesin Toroi were also investigated.

Only one of the seven pathogens sought was recovered from any sample. This
pathogen was Bacillus cereus, a spore-former known to be associated with
vegetables. All batches contained B. cereus on the day of preparation but after
two weeks refrigerated storage there was no further recovery from any sample.
There was avery low incidence of natural E. coli in the Toroi, consistent with
levels permitted in mussels sold in retail outlets. The laboratory grown strain, E.
coli declined substantially over two months and was not recovered from any

samples at eight months.



A laboratory grown strain of Listeria monocytogenes, (L70) was added to Toroi
and grew well with an increase in concentration of about seven-fold, over 19
days storage in arefrigerator. A bacteriocin producing lactic acid bacterium,
Lactobacillus sake Lb706, was added in combined culture with L.
monocytogenes to Toroi. It was found that at least 5 x10° L. sake cells were
required as an inoculum to ensure elimination of L. monocytogenes from the
Toroi. When a purified bacteriocin; nisin, was added, a concentration of 10 mg
g in the Toroi was required to eliminate L. monocytogenes. The inhibition
study results suggest that unacceptably high inocula or purified bacteriocin

would be required to prevent the growth of L. monocytogenesin Toroi.

The results of this suggest that Toroi be prepared from mussels either purchased
from aretail outlet or harvested from sites known to be free from contamination.
Toroi should be safeto eat if prepared carefully, chilled promptly and
thoroughly and allowed to ferment for at least two weeks. In addition, care

should be taken to maintain Toroi at refrigerated temperatures until it is eaten.
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Chapter 1

Literature Review

1.1. Introduction

The literature relating to traditional foods and their historical accounts of
traditional culturing and harvesting practices related to food preparation and the

scientific literature relating to food safety of wild foods are reviewed.

The New Zealand Food Standards are designed to protect public health (FSANZ,
2001; 2003). Under these Standards there are sets of specified tests for each class
of food. On the basis of these test results food is assigned to one of the following
categories: acceptable, marginal or unacceptable/unsafe for consumption. Foods

that are sold to the public must be either acceptable or at worse marginal.

Toroi isatraditiona food for which there are no absolutely defined ingredients or
preparation techniques. However, most preparations consist of a mixture of meat
or fish and leafy vegetables. The preparation involves some cooking following

which Toroi is stored, usually under refrigeration, for several weeks until eaten.

Although little information exists of the food safety of Toroi preliminary

investigations have been undertaken by Hudson (et al., 2001) and Whyte (et al.,
2001). These workers highlighted that Toroi underwent lactic acid fermentation
during the storage period providing scientific proof of the appropriateness of the

name Toroi in translation means “to brew; to ferment” (Ngata, 1993).



In this thesis | undertook investigations into the food safety of Toroi prepared
from mussels sourced from a commercial outlet and leafy vegetables, puhaor
watercress that were sourced from the wild. In addition | investigated the ability
of anatural culture “ starter” species of lactic acid bacteria and of a synthetic
bacteriocin for their ability to prevent the growth of an important cold-tolerant

pathogen, Listeria monocytogenes.

The literature review therefore encompasses both the Maori perspective and the

published scientific information on Toroi and itsingredients.

1.2. Maori and their relationship with traditional foods

Maori have specia traditions concerning planting, harvesting and preparation of
foods. Asapeople they understood the land, the forest, the sea and the foods
available to them. The areawhere food was to be gathered was respected. Maori
were conservationistsin their own right and kaitiaki (guardians) of the land,
water, air and their well-being. Gathering of foods from the wild is still important

today as shown in Figure 1.1



Figure 1.1. Harvesting watercress from a clean stream.

Each food product contains a whakapapa (geneology) with Maori geneology.
Maori freshwater foods are of value to iwi, for example, fish, e€ls, lamphrey,
fresh water mussels, koura and watercress. All fauna and flora are the offspring
of various deities; for example, all sealifeisof Tangaroa, forests and animals are
of Tane Mahuta and uncultivated foods are of Haumiatiketike. For thisreason
they have Mana Atua (highest prestige) and are considered tapu (sacred)

(Canterbury Regional Council Policy Statement, 1998).

A medical doctor in Gisborne who is strongly promoting the inclusion of
traditional foods in the modern Maori diet (D. Tipene-Leach pers. comm.),
considers that these foods are not only important in protecting and preserving
tikanga associated with harvesting and preparation of foods but also they have

good nutritional value.



1.2.1. Mahinga kai

Knowledge of food resources

Tangatawhenua have inva uable knowledge of specific kai resources and its
relationship with the environment, much of which will go back over many
generations, most of thisinformation exists nowhere else and may be in aform that
is completely different from the conventional approach taken by European science.
Information may be communicable only in te reo Maori (Maori language) and some
information may not be for general dissemination, being either specific to the

particular hapu or so sengitive that confidentiality must be protected (eg. Waahi

tapu).

Cultura activities are the essential working elements of the tribal culture. They
giveriseto, and reaffirm, the relationship of Tangata-whenuawith the land. The
guaranteed availability of these resources has implications that extend beyond the
use of amaterial for any one cultural activity. It extendsto preserving tikanga

(customary practices) associated with their use.

The knowledge of harvesting is passed down from each generation, and can be
different between whanau, hapu or iwi. When gathering food from the land or the
sea, specia caution is exercised to insure its purity and continued growth. The
laws of tapu encouraged conservation also, by taking only what is needed. These
laws are carefully considered before harvesting any food from the wild.

Maori tradition isrich in beliefs concerning gathering, preparing, and serving of

food. Inasurvey by Ashcraft (1985), participants aged 50 or older from Ngati



Raukawa (sub-tribe of Waikato) related to a variety of beliefs that they continue
to practisetoday. Out of the 25 members less than 50 years of age who were
questioned, 20 could not explain the purpose of the belief other than “ ... that's

what | was told by my parents’ .

Food also has a strong social and cultural meaning. Manaaki tangataisthe
custom of being aware of and caring for the needs of your guests. Food isa
fundamental way of expressing this ethos. In turn, the Mana of the Tangata-
whenuais both upheld and enhanced. The loss of the ability of Tangata-whenua
to provide for guestsin this way can also be seen as aloss of Mana (Canterbury

Regional Council Policy Statement, 1998).

Tradition and modern times.

Traditions specific to Maori foods are considered an event of spiritual importance.
Asfollowers of divine laws Maori people follow ceremonial rituals that pertain to
agricultural and fishing before these foods are used in daily life. Thisis
evidenced today by the blessed acknowledgements or grace prior to meals at all

marae, all Maori functions, and in the home.

Freshwater environments have traditionally been valued by Tangatawhenuaas a
rich source of mahingakai (food supplies). In Pond' s draft (1997),
Tangatawhenua consider traditional sources of food supplies have been degraded.
The discharge of waste and human wastes in particular has compromised

significant water bodies as sources of traditional food suppliesfor Maori. In some



locations private ownership of land may restrict access by Tangatawhenuato

traditional food source sites.

The gathering of food assumes importance. It isamatter of pride to offer guests
food for which the areais renowned. It isequally important to be able to assure
guests that the food came from an area free of pollution. The discharge of sewage
and industrial waste into traditional Maori mahinga kai sites today destroysthis

Mana (Whati, 1983).

Environmental concerns

With regard to overall harvesting, the biggest environmental concern isthat Maori
do not have control over the environment where wild traditional Maori food
grows. The main environmental concerns are a) access to our mahingakai sites
b) unknown pollutants at harvesting areas c) black market of Maori kai;

desecration of waahi tapu sites.

Sanitation in Maori traditional foods

Today, the sanitation ideatakes arolein harvesting and preparation of traditional
Maori foods. Thisisdue to the introduction of feral animals and dairy cows
polluting waterways where wild foods are harvested with their faeces. Maori will
not harvest watercress, puha or mussels when there is evidence of animals and

their dung asthisis considered as a direct violation of manakai.



Knowledge of harvesting

In Ngati Porou, to gain knowledge is for the seeker to look for it. It doesn’t find
you. Knowledge of harvesting is found at the homelands of many Maori. In each
hapu Marae have their own knowledge of harvesting where there are specidlists of
the trade. Whanau of these specialist can retrieve this unique knowledge if they

seek it (D. Tipene-Leach pers. comm.).

Traditional Maori foods are harvested from different environments such as fresh
waterways, forests, seaand any of these niches can be contaminated by harmful

micro-organisms.

Although there has been significant reduction in mahingakai sites since
colonisation and confiscation of Maori landsin the 1800s, Maori still harvest food
traditionally as in pre-European times. Thereis no specific information on food-
borne illness among Maori in pre-European times to compare with post-colonial
times. However, such illness probably occurred as it is known that Maori had

used rongoa (Maori medicine) to cure stomach upsets (Riley, 1994).

There is aworldwide resurgence of interest in the cultures of indigenous peoples,
including Maori, and part of thisinterest isfocused on indigenous foods. With
thisincreased interest come new highlights of possible environmental
contamination whilst harvesting these foods from the wild. Aswell asa
possibility of new methods leading to the loss of authentic traditional ones, there
isapossibility that contemporary adaptations of traditional techniques may negate

practices which had produced safe food for centuries (Whyte, 2001).



1.3. Toroi: atraditional Maori food

Toroi, means to brew; to ferment (Ngata, 1993). In pre-European times Maori
practised a number of food preservation methods through independent invention
and/or preparation methods and rituals were passed down through the generations.
Numerous accounts in the literature discuss how Maori used preservation methods
to maintain their food supply during the off-seasonal harvesting times (Best 1898;
Buck, 1974; Colenso, 1880; Dieffenbach, 1843; Fankhauser, 1986; Pomare and
Ormsby 1995; Yen, 1959). Preservation methods such as drying, storing, and
different types of fermentation processes were used and all details of harvesting

and preparation were overseen by atohunga (a specialist).

In post-European times, Maori adopted some new preparation methods and
preserving techniques. Early English settlersintroduced “bottling” and this
method was widely accepted by Maori due to the glass bottles and screw caps that
were readily available. Maori considered this technique useful because it
preserved “left-overs’ from the mixture of boiled plant material and meat in a pot
known as “boil-up” that was apopular meal. Thus Toroi, the most common post-

European traditional Maori food delicacy was formed.

1.3.1. Description of Toroi.

Toroi, isacommonly eaten preserved food and it is essentially “Maori food”
packed into preserving jars. Popular Toroi ingredientsinclude mussels and puha
(Sonchus spp.) and watercress (Nastaurtium officinale). Other ingredients that are

also widely used are freshwater fish (or its contents e.g., eggs, kidney and heart —



te puku o te ika), and seafood (fish and shellfish). The shellfish/fish component
is mixed with plant material such as pikopiko, kouka, watercress, dandelion,
puhg; (just to name afew); the resulting mixture is packed into glass preserving
jarsand usually stored at refrigerated temperatures to allow fermentation to occur
before the Toroi is eaten. Aswell as plant/fish mixtures, Toroi can be prepared
and fermented as individual ingredients that are mixed immediately prior to

consumption.

Both selection of ingredients and processing methods depend on the preference of
the preparer and these can be closely guarded within a whanau or hapu (sub-

tribe).

In this study, Toroi was prepared using procedures that the research of Whyte et
al. (2001) and Hudson et al. (2001) have identified as being common across many
hapu particularly Ngai Tahu. These workers identified three methods all of which
involved preparation of Toroi from green-lipped mussels (Perna canaliculis;
kukutai) and either puha (Sonchus asper) or watercress (Nasturtium officinale).
These methods were: Method (1): boiling chopped puhafor 30 — 60 minutes,
draining, adding chopped mussels which have been steamed open, and packing
into preserving jars. Retained mussel juice and/or plant juice is added and the jar
overlain with fat or screw-capped. The Toroi mixture isthen stored in cool
conditions; Method (2): uses asimilar method to (1) except that some salt is
added to the cooked plant material (puha or watercress) and then stored under
cool conditions. Chopped mussels are added just prior to eating. The plant

material may be replenished as the existing mixture is consumed; Method (3):



chopped mussels and plant material are boiled together for 20 minutes, placed
into containers with air excluded if possible, and stored under cool conditions.
The process for method (1) begins with a thorough boiling of the puha (or
substitute vegetable). The mussels are steamed to open their shells, the flesh
removed, chopped and added to the cooked puha. In method (2), the process
involves the preservation of the green vegetable portion only and steamed fresh
mussels are added immediately prior to consumption. The container of puhais
topped up with more puha as the supply is depleted. In method (3), both puha and
mussels are cooked, combined, and then further cooked before bottling and

sealing.

From amicrobiological point of view for all three methodsit is likely that
vegetative cells on plant material will be inactivated but not spores. Method (1)
and (2) steam rather than cook mussels but in method (2) they are eaten very soon
after steaming. All three methods involve steps where the food could receive
cross-contamination and similarly all three require adequately cleaned and
sanitised storage containers. Method (2) involves adding salt with the intention of
improving “preservation,” but Whyte et al. (2001) suggested that the

recommended concentration was not high enough to actually achieve this status.

1.3.2. Description of main food ingredientsin Toroi
Puha (Sonchus species)
Puha or puwha (Sow thistle) (Figure 4) is commonly found in crops, gardens and

waste areas (Turner et al., 2005). Sow thistleisan annual weed, which can
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establish at any time of the year and Maori eat it as a vegetable (Turner et al .,

2005; Crowe, 2004).

There are four species of puhain New Zealand, and is afavourite green vegetable
for Maori with the most popular eating variety being the smoothed leaved
Sonchus asper (Rauroroa) rather than the prickly sow thistle (Sonchus oleraceus;
(Rauriki) (Figure 1.2). Puhacan grow up to a metre tall and have small
dandelion-like flowers and amilky sap. The fluffy seed heads (Figure 1.2) allow
the wind to spread the seeds widely. They grow almost anywhere in New
Zealand where there is waste or cultivated land, including urban environments

(Crowe, 2004).

Traditionally, Maori steamed puhawith other food in ahangi (food oven in the
ground). Colenso (1880) recorded that it was often cooked with fresh fish. Today
the usual method isto boil it with potatoes and meat - usually pork, but also with
bacon bones, mutton-birds and sometimes with mutton or beef bones. Puha and
pork when cooked together are complementary, with the pork moderating the
natural bitter taste of the puha, and the puha adding flavour to the pork. The
water the puhais cooked in (with or without meat) can also make a good soup
base. While puhais still widely eaten by Maori peopleit is aso eaten by some
European New Zealanders - alegacy of recommendations made during the
Depression in the 1920s, and later during the Second World War when food was

often in short supply (Ministry for the Environment, 2003).
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Sonchus Kirkll Sonchus asper Sonchus oleracaus
Raunroa TieTlo Pororua
NZ nallve Puha Prickly Puha Prickly Puha

Figure 1.2. Edible Sonchus found in New Zealand (Ministry for the Environment, 2003)

In the 1997 National Nutrition Survey puha was reported to be consumed by 0.4%
of the randomly selected study respondents, of which 2% reported eating puha
one to six times per week. The mean daily intake of puhawas calculated as 0.9
o/person/day for the total population (Russel et al., 1999). A concern with the
consumption of puhais harvesting from roadsides as these plants can be

contaminated with pollutants and pesticides (Turner et al., 2005).

Watercress (Nasturtium officinale)

Watercress belongs to the Cruciferae or mustard family. Its natural habitat is
temperate climates where it grows by springs, flat river banks, and ditches.
Watercress, a perennial, grows wild in New Zealand and starts to sprout in the

spring. The plant is bright green in colour and leaves grow from nodules along the
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main stem. The leaves are round to oval in shape and the white flowers bloom in
early summer and grow on tips of stemsin loose clusters. The name Nasturtium
is derived from the Latin words nasus tortus, which means convulsed nose,

referring to the smell (Webb et al., 1998).

Maori used watercress to cover the hot stonesin ahangi (ground oven pit), and
boiled it with meat (“boil up”), or blanched and preserved it with mussels and its
juicesin the dish now known as Toroi. However, in recent times Maori and other
New Zealanders are increasingly eating watercress raw. Watercressissold in
retail outlets and market stalls and harvested watercress is available throughout
the year. Traditional Maori tikanga around food gathering and food handling in
the past may have provided alevel of protection from some food safety hazards.
A study of traditional methods of watercress harvesting and common methods
used today, were shown to reduce bacterial loading by careful selection of

harvesting site and careful picking and washing of the plants (Dixon, 2002)

Recent studies have shown that watercress harvested from streams flowing
through agricultural land is usually contaminated with high levels of the faecal
bacterium E. coli (Dixon, 2002). Other workers have demonstrated
contamination with the pathogen Campylobacter (Edmond and Hawke, 2004).
Edmond and Hawke (2004) collected watercress from 11 streams in the greater
Wellington region that they classified as; urban, semi-urban and rural. Of these,
five were known to be sites where watercress was gathered on aregular basis for
commercia sale or personal consumption. These workers measured E. coli asan

“indicator” of faecal contamination in both watercress and the surrounding water
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and in addition they also measured the pathogen Campylobacter. Campylobacter
was recovered from 11% of their watercress samples, and was more common in

plants harvested from streams in rural and semi-urban catchments.

Between August 1997 and August 2004, seven cases of gastroenteritis were
reported as being possibly linked to consumption of watercress (Turner et al.,
2005). Of the two cases of campylobacterioss, one was recorded on watercress
collected from afarm. Giardiasis was identified in three cases, and salmonellosis
in afurther two cases. Of these, only two cases (one of each microorganism)
were identified as definitely harbouring these microorganisms which came from a

local stream from which the watercress was sourced (Turner et al., 2005).

Green-lipped mussels (Perna canaliculus)

There are many species of shellfish in New Zealand called mussel, all of which
arefilter-feeders. The green-lipped mussel (Perna canaliculus; kukutai) isthe
most well-known due to its popularity asa commercial species (Greenshel|™),
The green-lipped mussel is widespread throughout New Zealand and lives on
rocky shores below low water to 60 m in harbours, exposed open shores and

protected areas (Turner et al., 2005).

To obtain food, shellfish filter from four to 20 litres of water every hour (Meekin,
1998), in the process they accumulate bacteria from the surrounding waters
(Greening et al., 2001; Lee et al., 1998). High concentrations of microbes can
accumulate within afew hours when shellfish are actively feeding in polluted

waters (Greening et al., 2001). Some of this bacterial loading can be reduced by
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depuration (transferring shellfish to clean water, usually for one to two days)
(Turner et al., 2005), but the rate of depuration depends on the temperature, flow
rate, species and initial level of bacterial contamination (Buisson et al., 1981).
Faecal coliforms are bacteria that are used as a marker for faecal contamination

(Turner et al., 2005; Dufour, 1977) but they do not cause infectious illness.

Contaminated commercially produced mussels have caused listerosis, but there
are no reports of illnesses associated with feral shellfish in New Zealand (Turner
et al., 2005). However, shellfish collected from sewage-contaminated water has
been linked with salmonellosis (Baker and Wilson, 1993). Salmonella wohlen
was isolated from a cocklein 1992 at Ahuriri estuary (Health Care Hawkes Bay,

1993). Aswell as bacteria, filter feeding shellfish can also accumulate viruses.

There have been some attempts to characterise people harvesting non-commercial
feral shellfish on the basis of ethnicity. It has been estimated that over a one year
period, 14% of harvesters were Maori; 2% were Pacific Islanders (Kearney,
1999); and 84% belong to other ethnic groups (Wilson, 1996). Although thereis
no evidence for Maori specifically, an evaluation of Auckland Pacific Iland
people found that more than half ignored warning signs saying it was not safe to

collect shellfish (Fakalago, 2001).
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1.4. Safety of Ready-to-Eat Foods

Toroi is considered as a ready-to-eat food as defined:
“food that is ordinarily consumed in the same state asthat in which it is
sold and does not include nutsin the shell and whole, raw fruits and
vegetables that are intended for hulling, peeling or washing by the
consumer” (FSANZ, 2001).

Therefore the investigations of Toroi described in this study were based on the

general requirements for food safety for ready-to-eat foods.

1.4.1. Food Standards

There are two standards that apply to ready-to-eat foodsin New Zealand.

1. "Microbiological Reference Criteriafor Food' (Ministry of Health, 1995).

2. Food Standards Australian New Zealand “Guidelines for the microbiological

examination of ready-to-eat foods (FSANZ, 2001).

Although it needs to be noted that foods gathered outside of norma commercial
food production activities are generally not subject to monitoring, food safety

programmes, or other risk management measures (Turner et al., 2005).

Microbiological Reference Criteria for Food.

Micrabiological Reference Criteriafor Food (Ministry of Health, 1995) are
formulated as a guide for regulators to plan surveillance programmes that assess
whether foods are safe, marginal or unacceptable/unsafe (Table 1.1). They apply

until the end of the given shelf life of a particular food. The Microbiological
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Reference criteria are not part of aNew Zealand Law. They are intended to be
used when no standards exist in law to monitor the microbiological safety of a

manufacturing process or the safety of afood.

Aerobic Plate Count at 35°C (gY) n=5 c¢=2 m=10" M = 10°
Bacillus cereus (g™) n=5 c=2 m=10° M =10°
Campylobacter (10 g*) n=5 c=0 m=0

Clostridium perfringens (g™%) n=5 c=2 m=10° M =10°
Coagulase producing

staphylococcus (g™) n=5 c=2 m=10° M =10°
Escherichia coli (™) n=5 c=0 m=0

Listeria monocytogenes (25 g) n=5 ¢c=0 m=0

Salmonella (25 g% n=5 c=0 m=0

Table 1.1. Microbiological reference criteria for Foods — cooked, ready-to-eat (or with
subsequent minimal heating (<70°C) (Taken from the Microbiological Reference
Criteria for Food, Ministry of Health, 1995).

The following terms as used by the International Commission of Microbiological

Specification for Foods (ICM SF) are used in the reference criteriafor the ready-

to-eat foods:

n = the number of sample units which must be examined from alot of
food to satisfy the requirements of a particular sampling plan

c = the maximum allowable number of defective sample units. When
more than this number isfound, thelot is rejected by the sampling
plan.

m = Represents an acceptable level and values above it are marginally
acceptable or unacceptable in the terms of the sampling plan.

M = A microbiological criterion which separates marginally acceptable

quality from defective quality. Vaues above M are unacceptable
in the terms of the sampling plan and detection of
one or more samples exceeding this level would be cause for

rejection of the lot.
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FSANZ

The “Food Standards Australian New Zealand Guidelines for the microbiological
examination of ready-to-eat foods’ (FSANZ, 2001) set out the microorganisms
that need to be measured in ready-to-eat foods sold in retail premises (Table 1.2).
Although these regulations cannot be enforced in private organisations such as a
Marae, the NZFSA wild foods group encourages knowledge of them in these
situations (Cherie Flynn pers. comm.). These guidelinesidentify four categories
of microbiological quality for ready-to-eat foods ranging from satisfactory to
potentially hazardous. This reflects both the high level of microbiological quality
that is achievable for ready-to-eat foods in New Zealand and indicates the level of
contamination that is considered to present a significant risk to public health. The
guidelines for the microbiological examination of ready-to-eat foods apply to

foods sampled at the point of sale or distribution to consumers.

Categories of microbiological quality

Satisfactory - results indicate good microbiological quality.

Marginal - results are borderline in that they are within limits of acceptable
microbiological quality but may indicate possible hygiene problemsin the

preparation of the food. Action: Re-sampling may be appropriate. Premises that

regularly yield borderline results should have their food handling controls
investigated.

Unsatisfactory -  results are outside of acceptable microbiological limitsand are
indicative of poor hygiene or food handling practices. Action: Further sampling,

including the sampling of other foods from the food premises may be required
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and an investigation undertaken to determine whether food handling controls and
hygiene practices are adequate.

Potentially Hazardous - the levelsin this range may cause food borne illness and
immediate remedial action should beinitiated. Action: Consideration should be
given to the withdrawal of any of the food still available for sale or distribution
and, if applicable, recall action may be indicated. An investigation of food
production or handling practices should be instigated to determine the

source/cause of the problem so that remedial actions can commence.

Microbiological Quality (CFU g™)

Test S M uUs PH
Standard Plate Count . . . .
Level 1 <10* <10° Greater than or |.
equal to 10°
Level 2 <10° <107 Greater than or |.
equal to 10’
Level 3 N/A N/A N/A
Indicators . . . .
Enterobacteriaceae * <10% 10%-10* Greater than or |.
equal to 10*
Escherichia coli <3 3-100 Greater than or [**
equal to 100
Pathogens . . . .
Coagulase +ve <10? 10%-10° 10%10* Greater than or
staphylococci equal to 10°SET
+ve
Clostridium perfringens <102 10%10° 10%-10* Greater than or
equal to 10*
Bacillus cereus and other |<102 10%-10° 10%-10* Greater than or
pathogenicBacillus spp equal to 10*
Vibrio parahaemolyticus *  [<3 <3-10? 102 -10* Greater than or
equal to 10*
Campylobacter spp not - - detected
detected in
259
Salmonella spp not - - detected
detected in
25¢g
Listeria monocytogenes not detected |- Greater than or
detected in |put <10° ™ equal to 10° *
259

Table 1.2. Guideline levels for determining the microbiological quality of ready-to-eat
foods (FSANZ, 2001).

Satisfactory = S; Marginal = M; Unsatisfactory = US; Potentially Hazradous = PH
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1.5. Food safety and Toroi

To determine whether Toroi is safe to eat, tests for food borne bacteria known to
be of concern in ready-to-eat foods need to be carried out on sufficient number of

samples as described in the two standards set out in Section 1.4.

In this study, all nine bacteria groups (FSANZ, 2001) were investigated on five
batches of Toroi (Ministry of Health, 1995). Two of the nine groups are the
general indicator Plate Count Bacteriaand E. coli. Plate Count Bacteriaidentify
the genera microbiological status of afood, E. coli is measured as an indicator of
faecal contamination that can be introduced either on ingredients or during
handling. The remaining seven bacteria are specific pathogens of demonstrated

importance in ready-to-eat foods.

15.1. General Indicators

Plate Count Bacteria

Plate count bacteria are measured in food to indicate the level of microorganisms
in aproduct (USFDA, 2001). Plate count bacteria are not a species grouping but
are aphysiological grouping of heterotrophic bacteria that grow under the
conditions specified for aparticular test. Although there are defined test
procedures for different foods most use the same microbiological growth medium,
Plate Count Agar. Test variations are based on incubation conditions including

temperature, incubation time and gaseous atmosphere.
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Aerobic plate counts on fish and fishery products generally do not relate to food
safety hazards, but can be useful to indicate quality, shelf life and post heat-
processing contamination. Fresh fish and fishery products often have an APC of
10* 10° g, although there are examples of seafoods with an APC of 10° 10°g*
without objectionable quality changes (USFDA, 2001). For many fish and fishery
products, a plate incubation temperature of 25°C produces significantly higher

numbers of bacteria than incubation at 35°C and was the incubation temperature

used to measure these bacteriain Toroi in this study.

Because Toroi is afermented product plate count bacteriathat grow in an

anaerobic atmosphere were also measured in this study (Hudson et al., 2001).

Escherichia coli

As many pathogens are transmitted by the faecal-oral route it isimportant that
food, and water are free from faecal contamination. To ensure food safety,
authorities require routine testing for faecal-specific bacteriaincluding: coliform
bacteria, faecal coliform bacteria, or Escherichia coli. Increasingly E. coli
measurement is favoured by food protection agencies becauseit’ s only known
habitat is the intestinal tract of warm-blooded animals (including humans) but
coliforms/faecal coliforms can include other species that are not of faecal origin
(Dufour, 1977). Although E. coli makes up only very small proportion of the
total bacterial species that inhabit the intestinal tract it is consistently present in
faeces, which, together with the relative ease of recovery in microbiological
laboratories makesit an ideal “indicator” of faecal contamination. Measurement

of indicatorsis useful but their recovery only “indicates’ arisk (Berg and Metcalf,
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1978) and does not necessarily mean that any specific enteric pathogen is present

(Grabow, 1996)

Faecal coliforms are found in storm water discharges, and the concentration of
these bacteriain cockles was observed to positively correlate with rainfall events
in the Whangateau Harbour and Ahuriri estuary (De Luca-Abbott et al., 2000;
Health Care Hawkes Bay, 1993). Faecal coliforms are commonly isolated from
shellfish near sewage outfalls (Lewis et al., 1986). Cockles growing in waters
near communities or individuals using pit toilets and septic tanks can show
irregular contamination events that may be related to malfunctioning or

overflowing of sewage treatment systems (Nicholson et al., 1989).

There are a number of strains of E. coli that are pathogenic. Specifically the
Shiga-toxin producing strains such as E. coli 0157:H7. These E. coli are not
included among the required organisms for measurement in ready-to-eat foods

and were not sought in this study.

15.2. Specific Pathogens

Spore Formers

A number of genera of bacteria, including Bacillus and Clostidium produce
structures called endospores within their cells. Endospores are differentiated cells
that are very resistant to heat and cannot be destroyed easily by normal cooking
processes. Endospore-forming bacteria are commonly found in the soil (Madigan
et al., 1997), and are therefore also common on plants. Some spores are activated

by heating for several minutes at a sub lethal but elevated temperature, or by
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storing a spore suspension for weeks or months at 4°C or room temperature
(Madigan et al., 1997). Activated spores are conditioned to germinate when

placed in the presence of specific nutrients.

Foodborne spore formers, including Clostridium and Bacillus species, are quite
common in cooked meat and poultry, cooked vegetables, soups, boiled rice and
pasta. However the spores of different species can vary widely in their heat

resistance.

la. Clostridium perfringens

Clostridium perfringens is a spore-forming bacterium that is Gram-positive, non-
motile, straight rods with blunt ends that occur singly or in pairs and are 0.6-2.4 x
1.3-19.0 um (Sneath, 1984). C. perfringensisa natural inhabitant of soil and the
intestinal tract of many warm-blooded animals and humans (Peck et al., 2004).
This bacterium and its spores are very wide spread, and is therefore a common
problem for the food industry and establishments where large amounts of foods
are prepared (Andersson et al., 1995), and this also applies to Marae preparing

Toroi.

Food poisoning due to C. perfringens is one of the most common types of human
foodborne illness (Labbe, 1992). The foods usually involved are cooked meat or
poultry products, and infection has been related to contamination with large
numbers of viable cells. A heat-labile enterotoxin produced only by sporulating
cellsinduces the magjor symptom of diarrhoeain perfringens poisoning. C.

perfringens causes human gastroenteritis, meningitis, appendicitis and gas
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gangrene as well as respiratory and urinary tract infection (Hill, 1981). The wide

range of infections suggests that C. perfringens may be an opportunistic pathogen.

When vegetative C. perfringens cells are present in the common Toroi ingredients
such puha, watercress and mussel s before cooking, they will grow (with sufficient
protein sources) at temperatures between 15 and 52°C (Peck et al., 2004).
Vegetative cells are readily killed by heating but spores are very heat resistant
(Ministry of Health, 2001c). Heat-resistant spores generally require high
temperatures, such as those of many cooking procedures (10-20 minutes at 75 to
80°C), to activate germination (Labbe, 1992; Murrell, 1989). However, most
spores that have undergone chilling and freezing processes cannot germinate and
grow under such conditions (ICMFS, 1978). Therefore, food that is cooked and
chilled promptly until consumed is not a high risk food. AsC. perfringens
enterotoxin is inactivated by heating for five minutes at 60°C (Ministry of Health,
2001c), any pre-formed toxin on ingredients will be destroyed during the cooking

process.

1b. Clostridium botulinum

Clostridium botulinum can be widely distributed in the environment, although the
contamination level is generally low (Peck et al., 2004). Nowadays, commercial
processing procedures are designed to prevent survival and growth of C.
botulinum (Hielm et al., 1998; Gill and Penney, 1982; Bremner and Fletcher,
2003; Peck et al., 2004) so that most outbreaks of foodborne botulism are
associated with home prepared foods. Inthe USA, approximately 30 cases are

reported per year, with most cases associated with home canned vegetables or
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fermented marine products (e.g. fermented beaver tail and paw, muktuk (whale
meat) prepared in Alaska) (Peck et al., 2004). Foodborne botulism is a severe
but rare disease caused by consumption of pre-formed botulinum neurotoxin with,
for type A, aslittle as 30 ng of neurotoxin sufficient to cause illness or death
(Peck et al., 2004). The consumption of aslittle as 0.1 g of food in which
neurotoxin-producing clostridia has grown can result in botulism (Lund and Peck,
2000). There are seven botulinum neurotoxin (A to G), with the type of

neurotoxin formed dependent on the producing organism (Hauschild, 1989).

Toroi consumption was the first incidence (of three) of botulism reported in New
Zealand (Flacks, 1985). In thisincident, mussels had been removed from their
shells, brought to the boil and then added to watercress, which had been boiled for
two hours. This mixture was dispensed into screw top jars and stored at room
temperature. A jar was opened one week later and consumed over the following
week during which time intoxication developed and the outcome was one fatality.
C. botulinum spores may be introduced on the vegetable materia (particularly C.
botulinum type A) or with mussels, as type E is associated with the marine
environment (Hielm et al., 1998). Although it isthought that botulinum types
toxic to human do not occur frequently in New Zealand (Gill and Penney, 1982),
botulinum types C and D have been detected in aquatic sitesin New Zealand and
have been associated with disease in wild fowl (Gill and Penney, 1982). A further
type, type G has been isolated from soil in Argentina, no outbreaks involving it

have been reported (Bremner and Fletcher, 2003).
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Recommendations have been produced to prevent a risk of botulism in production
of ready-to-eat foods by catering establishments as shown in Table 1.3. (Peck et

al., 2004).

Storage below 3.0°C,

Storage below 5°C with shelf life restricted to 10 days,

Storage up to 8°C with shelf life restricted to 5 days,

Heating at 90°C for 10 min (or equivalent) with storage below 8°C,
pH below 5.0 with storage below 8°C,

NaCl concentration above 3.5% with storage below 8°C

Table 1.3. Recommendations of inhibition of non-proteolytic C. botulinum in sous-vide.
Table taken from Peck et al. (2004).

Analysisof C. botulinumwas not carried out in this study. Thisorganism isnot
included in the Guidelines for Ready-to-Eat foods presumably due to its very low

incidence in New Zealand.

2. Bacillus cereus

Bacillus cereus belongs to the genus Bacillus Group | as defined by Gordon et al.
(1973). The morphology of B. cereusislarge (1.0-1.2 gum in width and 3-5 um in
length (Sneath, 1984; Jenson, 1997). It does not have a swollen sporangium;

spore shape is ellipsoidal; and spore position is central (Sneath, 1984).

B. cereusiswidely distributed in nature including soils containing low levels of
organic matter (Jenson, 1997) and can be isolated from a variety of foods. Plants
are the major source of B. cereusin foods (Jenson, 1997). Consumption of food

containing more than 10° viable B. cereus cells per gram has resulted in outbreaks
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of food poisoning (Harmon et al., 1992). It causes two different forms of food
poisoning: an emetic illness and adiarrhoed illness. The emeticillnessis
mediated by a highly stable toxin that survives high temperatures and exposure to
trypsin, pepsin and pH extremes. The diarrhoed illnessis mediated by a heat-and
acid-liable enterotoxin (Ministry of Health, 2001a). For both types of food
poisoning the food involved has usually been heat treated and surviving spores are
the source of the food poisoning. Bacillus species find their way into the food
chain. B. cereusoccursin soils containing low levels of organic matter whilst
other species may be found in soils containing higher levels of organic matter
(Jenson, 1997). Raw foods of plant origin are the major source of B. cereusin
foods (Jenson, 1997). Foods incriminated in outbreaks of B. cereus poisoning
include boiled and fried rice, cooked pasta, cooked meats, cooked vegetables,

soups, salads, puddings, and vegetable sprouts.

The optimum temperature of B. cereusis 30 —37°C (NZFSA, 2001; Valero et al.,
2003; Chomaet al., 2000) . Some strains can grow up to 55°C (Ministry of
Health, 20014) while other strains (psychrotrophic) can grow as low as 5-15°C
(Valero et al., 2003) so that slow cooling of cooked foods would allow B. cereus
growth (Nauta et al., 2003; Vaero et al., 2003). The minimum pH for B. cereus
growth is 4.3 and maximum pH is around 9.3 (Ministry of Health, 20014).
Vegetative cells are readily killed by heat but spores are moderately heat resistant.
Spores are more resistant to dry heat than moist heat. Emetic toxins are extremely
resistant to heat and can survive for 90 minutes at 126°C. The diarrhoeal toxins
areinactivated five minutes at 56°C. B. cereusis not a competitive

microorganism but grows well after cooking and cooling (<48°C) (Granum and
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Lund, 1997). The heat treatment in Toroi will cause spore germination and in the
absence of competing flora B. cereus grows well. During the subseguent cooling
period the bacterial cells would multiply. Incidences of food poisoning dueto B.
cereus have been related to failures to maintain refrigerated temperatures (Choma

et al., 2000).

To prevent growth of B. cereus including pyschrotrophic strains either the
temperature needs to be below 5°C or the pH reduced particularly to minimally
processed foods (Valero et al., 2003). For example, acidification at pH 5.0 was
sufficient to inhibit B. cereus growth in acidified carrot juice (Valero et al., 2000)
s0 it isimportant to store Toroi in arefrigerator at temperatures below 5°C
quickly after cooking. The only reported Maori food study in which B. cereus
was detected was a preliminary study by Hudson et al. (2001). They found 70 B.
cereus cells g in one sample of fresh Toroi stored for approximately two weeks.

Analysisfor B. cereusin Toroi was carried out in this study.

Thermotolerant Campylobacter

The main reservoirs of thermotolerant Campylobacter are animals especially birds
(Donnison and Ross, 1999), with common source of outbreaks being traced to
food, water or un-pasteurised milk. The species C. jejuni and C. coli are two
species implicated in most cases of human disease. Some strains of C. jejuni are
highly infectious, with the infective dose reported to be as low as 800 cells (Black
et al., 1988). Morethan 12,000 cases of campylobacteriosis were reported to the

New Zealand Ministry of Health in 2002 and rates were consistently high across
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the country for example with 1,026 casesin 2001 and 1,088 in 2002 in the

Waikato Region (Donnison and Ross, 1999).

Thereis one published report detailing contamination of watercress by
Campylobacter. Watercress was sampled from 11 streams (urban, semi-urban
and rura) in the greater Wellington region. Of these five were known to be sites
where watercress was gathered on a regular basis for commercia sale or personal
consumption. Campylobacter was present in 11% of the watercress samples, and
was more common in rural and semi-urban catchments (Edmond and Hawke,
2004). Campylobacteriosis has been associated with the consumption of raw

fruits and vegetables (Beuchat, 1998) but is considered rare.

Campylobacter are readily destroyed by cooking, but thereisarisk if food is
undercooked (particularly chicken). Cross contamination from raw foodsis very

common.

An Australian study with Sydney rock oysters found that shellfish were capable of
accumulating Campylobacter and could remain viable after storage at low
temperatures (Arumugaswamy et al., 1988). Between 1997 and August 2004
there were seven cases of gastroenteritis caused by campylobacteriosis where
shellfish was suspected as being the causative agent (Turner et al., 2005).
Therefore, although Campylobacter would not survive the cooking processes for
watercress or puha, they may survivein the mussels so it is possible that this
organism may be present in Toroi particularly when mussels are collected from

the wild.
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Salmonella enterica

The genus Salmonella belongs to the family Enterobacteriaceae. The principle
site of Salmonella infection isthe intestinal tract, and the primary route of
infection is by ingestion (ICM SF, 1978). In New Zealand infection reported
foodborne infection is caused by non-typhoidal species within the genus
Salmonella, principally serotypes and ecotypes of Salmonella enterica. The dose
required to cause infection varies with the serotype involved, the nature of the
food carrying the Salmonella and the health status of the individual (MIRINZ,
2004b). Salmonella tolerate awide range of acidity, temperature, and moisture

conditions and therefore can survive well or even grow in foods.

Major inputs of Salmonella into the aquatic environment are mostly from effluent,
sewage sludge and from farm livestock (including run off from pasture). Factors
contributing to the spread of Salmonella amongst the Maori population include
contamination of soils and waterways where wild foods are traditionally harvested
and large centrally located food preparation of wild foods (e.g. on aMarae).
Between 1997 and August 2004 there were four cases of salmonellosis where

feral shellfish were suspected to be the causative agent (Turner et al., 2005).

Coagulase positive Staphyl ococcus aureus
Saphylococcus aureus is a Gram-positive, catal se positive, spherical shaped

bacterium (Sneath, 1984).

The growth of S. aureus in foods presents a potential public health hazard since

many strains of S. aureus produce an enterotoxin that causes food poisoning. The
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most common symptoms are vomiting and diarrhoea, which occur two to six
hours after ingestion of the toxin. Theillnessis relatively mild, usually lasting a
few hours to aday, but occasionally the symptoms may be so severe that

hospitalisation may be required.

Foods commonly associated with staphylococcal food poisoning are meat and
poultry. Foods that poses the greatest risk of staphylococcal food poisoning are
those in which the initial flora has been destroyed or inhibited e.g. by cooking, but
are then handled during preparation such as salads and sandwiches. The most
likely risk factorsfor Toroi would be in the handling during preparation or

subsequently in serving the dish.

Vibrio parahaemolyticus

The genus Vibro is Gram-negative, non-spore bearing rods (Charles et al., 1998).
The species Vibrio parahaemolyticus is amarine vibrio inhabiting temperate and
tropical waters around the world (Miwatani and Takeda, 1976). It generally
residesin sediments during the winter months, but when water temperatures rise
above 15°C during the spring and summer, it spreads with the zooplankton
throughout the marine environment (Kaneko and Colwell, 1973). V.

parahaemolyticus may then be found in shellfish (Fletcher, 1985).

The organism requires NaCl concentrations of between 0.25 and 10% for growth,
2-3% is the optimum (Beuchat, 1982) and grows between 15 and 44°C (optimum
is 35— 37°C) (Beuchat, 1982) and can readily multiply in many foods including

raw and cooked seaf oods (Kodama, 1967).
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It was reported that an infectious dose is between 10° and 10 cells (Fletcher,
1985) and that a dose of 10° cells corresponds to a probability of disease of
around 10%, and 10* around 1% (Fletcher, 1985). However, Lake et al. (2003)

consider that the only safe dose is zero.

In asurvey of V. parahaemolyticusin New Zealand oysters (Fletcher, 1985), it
was found that naturally occurring levels are generally low. However, thisrisk
increases in locations where water temperatures increase substantially in summer.
Fletcher (1985) a so discovered high numbers of V. parahemolyticusin shellfish
harvested from isolated local areas, in which the organic content of the

surrounding water was high.

Infection with V. parahaemolyticus is not a notifiableillness in New Zealand
(Lakeet al., 2003). A total of 32 sporadic cases of infection with V.
parahaemolyticus have been reported to the national notification database
between 1998 and 2003; 19 of these reported seafood as arisk factor, and eight of
these 19 implicated Pacific oysters. Although contamination with V.
parahaemolyticus would not be expected in commercially sourced shellfish, there

could be arisk in Toroi preparation from shellfish gathered from the wild.

Listeria monocytogenes
Listeria species are regular, short rods (0.4-0.5 um in diameter and 0.5-0.2um in
length) with rounded ends. They occur singly, in short chains, or cells may be

arranged at an angle to each other to give V forms or in groups lying parallel
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along the axis (Sneath, 1984). They are non-spore forming bacteria that prefer
microaerophillic conditions but they can also grow aerobically and anaerobically

(APHA, 2001).

The species Listeria monocytogenes is an important psychrotrophic foodborne
pathogen with the ability to grow at temperatures ranging from 1 —45°C. The
optimal growth temperature isin the range of 30 — 37°C (Sneath, 1984; APHA,
2001). Theorganism is able to grow over this temperatures range due to the
ability to modify the fatty acid composition of its cell membrane (Annouset al.,
1997). However, L. monocytogenes cannot survive heating at 60°C for 30
minutes (Sneath, 1984). Listeria can also withstand relatively extreme pH and
salt conditions (i.e. pH 4.5-9 and 10% NaCl), although optimal growth occurs at
neutral pH and at 0.5% NaCl (McClureet al., 1991). These properties enable
Listeria to survive harsh environments. Farber and Peterkin (1991), found that
the minimum pH that could support initiation of growth was 5.0 to 5.7 at 4°C but

this minimum extended to 4.3 (4.3 to 5.3) at 30°C.

Infection by L. monocytogenes causes disease of two recognisable forms. Oneis
listeriosis that has implications for pregnant women including spontaneous
abortion or stillbirth. The second condition, known as non-invasive febrile
gastroenteritis is associated with a high attack rate, and causes typical

gastrointestinal symptoms.

L. monacytogenes is ubiquitous in the environment, commonly found in soil and

water, and on plant material. L. monocytogenes has been reported as the causative
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agent in three incidences of seafood-borne listerioss, the most recent outbreak
occurred in New Zealand in 1992 (Brett et al., 1998) and involved smoked
mussels. Other outbreaks of listeriosis have been reported in New Zealand; 20
casesin Auckland in 1969 (Flight, 1971) and 22 casesin Auckland in 1980
(Lennon et al., 1984) but the source of infection was not established. However, it
was suggested that shellfish and raw fish consumption may have been involved
(Lennon et al., 1984). Lovett et al. (1990) examined the ability of L.
monocytogenes to grow in shrimp, crabmeat, surimi and white fish stored at 7°C,
and found that when L. monocytogenes was inoculated into samples of these
products, which had been sterilised prior to inoculation, numbers increased by

about five logs within 14 days.

The association of L. monocytogenes with shellfish, and the extended storage of
Toroi at refrigerated temperatures, provide conditions that could produce a“high
risk” food product. Because of this, Listeria species and L. monocytogenesin
particular was sought in this study and various strategies with potential to limit its

growth were also investigated.

34



1.6. Strategiesto prevent growth of Cold Tolerant Foodborne

Pathogens

Toroi is afermented product in which fermentation can be carried out at
refrigerated temperatures, as was the case with the Toroi prepared in this study.
The ability of the cold tolerant pathogen, L. monocytogenes to grow at
refrigeration temperatures and its association with shellfish were the reasons for a
specific study being included to address ways to reduce the risk of Listeriosis

being acquired from Toroi.

The physiology of growth at refrigeration temperatures, involves an effect known
as homeoviscous adaptation. Cold tolerant microorganisms such asL.
monocytogens can change the lipid composition of their membranes, allowing
them to adapt to temperature changes. Increasing the degree of unsaturation in
these membrane lipids decreases their melting point, allowing cell membranes to
maintain a fluid nature and thus allows membrane proteins to function (Hazel,
1995). A second cell mechanism for survival at lower temperaturesisthe
production of cold shock proteins (CSPs), which alow for increased
environmental adaptability. L. monocytogenes has been found to have 12 CSPs
that work to stabilize the cells when exposed to low temperatures (Bayles et al.,
1996). These CSPs are found in nearly all bacteria and act to minimize secondary
folding of cellular components, which is one mechanism of decreased cell activity

and eventual death (Wemekamp-Kamphuis et al., 2002). Production of cold shock
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proteinsin thisinstance increased cell survival in the 4°C group, regardiess of

other treatments employed.

Fermentation is a process in which naturally occurring bacteria grow in food and
produce end products that inhibit both spoilage bacteria and pathogens. A very

important group of fermenters are the Lactic Acid Bacteria (LAB).

1.6.1. Lactic acid bacteria -1 Deleted: 1

Lactic acid bacteria have been utilized by accident since Biblical timesto extend
the storage time for foods. The natural reservoir of lactic acid bacteriais green
plant material (Vandenbergh, 1993). Early practises such as hand milking led to
the involuntary contamination of raw milk with a variety of lactic acid bacteria.
These strains converted the carbohydrate lactose in milk into acid, mainly, lactic
acid, which prevented the growth of certain undesirable bacteria. Later these
applications extended to food products that included: bread, buttermilk, cheese,
fermented vegetables, fermented meats and yoghurt. Lactic acid bacteria
produce a variety of metabolic products that inhibit the growth of other microbes.
All lactic acid producers are micro-aerophilic i.e. that they require small amounts

of oxygen to function; they do not grow anaerobically.

1.6.2. Inhibition of other microorganisms

In addition to producing lactic acid which decreases pH and inhibits the growth of
many microorganisms, many lactic acid bacteria produce antimicrobial substances
such as organic acids, hydrogen peroxide and diacetyl (Lewus and Montville,
1991). In addition, certain lactic acid bacteria produce bacteriocins (Barefoot and

Klaenhammer, 1984). Bacteriocins are usually defined as proteins which produce
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intra-species antagonistic effects. Some bacteriocins have been well-
characterised and commercial production of nisin; produced by Lactococcus lactis
subsp. lactis has been well documented. In dairy products nisin has been used to
suppress spoilage agents and food borne pathogens. In meats, through
fermentation (e.g. salami), lactic acid bacteria can also suppress the growth of
undesirable bacteria.

Mode of action

The anionic lipid of the cytoplasmic membrane is the primary receptors for
bacteriocins of lactic acid bacteriafor initiation of pore formation (Chen and
Hoover, 2003). Conductivity and stability of poresinduced by lantibiotics may be
heightened by docking molecules (lipid |1, the peptidoglycan precursor), whilein
the case of class |1 bacteriocins, receptors in the target membrane act to determine
specificity (Venemaet al., 1995). Class| bacteriocins induce pore formation
according to a wedge-like model, and class |1 bacteriocins function by creating
barrel stave-like pores whereby peptides orient parallel to the membrane surface
and interfere with membrane structure (Moll et al., 1999). Lactic Acid Bacteria
have two main disadvantages as general anti-microbial species a) bacteriocins
produced by protective cultures may inhibit other “desired” cultures and b) are not
active against Gram-negative pathogens such as E. coli and Salmonella because
their outer membrane protects them by excluding bacteriocins (Holzapfel et al.,
1995). However, manipulation such as the use of chelating agents such asEDTA
or citrate, can bind magnesium ions to lipopolysaccharide layer of the outer
membrane of Gram-negative bacteria, rendering these organisms susceptible to

nisin and other bacteriocins (Stevens et al., 1992).

| 1.6.3. Lactobacillus sake - { Deleted: 1
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The bacteriocin produced by Lactobacillus sake LB 706 is sakacin A
(Schillinger, 1994) which is classified in class I1a group of bacteriocins (Chen and
Hoover, 2003) which includes the non-lanthionine-containing bacteriocins (Jack
et al., 1995). Production of sakacin A by L. sake LB 706 was detected during an
investigation of 221 strains of homo-fermentative lactobacilli (Schillinger and
Lucke, 1989) which were isolated from different types of meats and meat
products (Schillinger, 1994). Sakacin A isactive against a variety of bacteria
including Listeria monocytogenes (Schillinger, 1994; Vandenburg, 1993)
although the antilisterial effect differs from strain to strain (Schillinger, 1994,
Schillinger et al., 1991). For example, one of the Listeria speciesused in
inoculation experiments of minced meat (Schillinger et al., 1991) showed a
reduced sensitivity to sakacin A in comparison to three other strains of L.
monocytogenes. An important property of sakacin A isthat it is heat stable (Jack

et al., 1995; Schillinger and Lucke, 1989).

The mode of action of the non-lanthionine-containing bacteriocins such as sakacin
A isthat in order to comein to contact with the cytoplasmic membrane of L.
monocytogenes the molecules must first pass through the cell wall, and thereis
evidence that sakacin A molecules may be absorbed on the surface of most Gram-
positive bacterial cells, including sensitive and resistant strains (Jack et al., 1995).
Sakacin A also effects their bactericidal action by destabilising the cytoplasmic
membrane of L. monocytogenes (Chen and Hoover, 2003; Jack et al., 1995;
Schillinger and Lucke, 1989). Low concentrations of these bacteriocins increases

the permeability of the cytoplasmic membrane, as determined by the increased
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influx of small molecules and efflux of UV absorbing materials (e.g. amino acids,
K™) from the cytoplasm. In addition, these bacteriocins dissipated the proton
motive force (PMF) of L. monocytogenes, as shown by their influence on the
uptake of amino acids whose influx is mediated by secondary and phosphate-

bond-driven transport systems (Jack et al., 1995).

1.6.4. Nisin: an approved antimicrobial food additive

Rogers and Whittier first published on the inhibitory effects of nisin (Rogers and
Whittier, 1928). It isabacteriocin from the class I-type A lantibiotic group (Chen
and Hoover, 2003), but the name “nisin” was claimed by Mattick and Hirsch
(1947). Nisin'sfeature polycyclic structures that are very important in the
membrane insertion properties of the bacteriocin. These ring structures protect
the bacteriocin from proteolytic enzymes and thermal denaturation (Hurst, 1981).
Nisin properties that would be useful in fermeted foods include solubility, and
stability under acidic conditions.  For example, nisin is stable when autoclaving
(115.6°C) at pH 2.0, but 40 % of this activity islost at pH 5.0, and more than 90
% at pH 6.8 (Chen and Hoover, 2003). Loss of nisin activity also occurs during
storage particularly at higher pH and higher temperatures. However, nisin was
found to be stable over 30 weeks in pasteurized cheese spreads (pH 5.8) at a

storage temperature of 20°C (Delves-Broughton, 1990).

Application of nisin in food
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Nisinisused as anatural, safe, antibacterial food preservative (Pongtharangkul
and Demerci, 2004). 1n 1969, nisin was approved for use as an antimicrobial in
food by the Joint FAO/WHO Expert Committee on Food additives (Broughton,
2005). Nisinisa34-amino acid peptide. The most established commercially
available form of nisin for use as afood preservative is Nisaplin™ , with the
active ingredient 2.5% nisin A and the predominate ingredients NaCl (77.5%) and

nonfat dry milk (12% protein and 6% carbohydrate).

As previously mentioned, nisinis categorised both as aclass | bacteriocin and a
type-A lantibiotic (elongated peptides with a net positive charge). These peptides
function by disrupting the membrane integrity (Chen and Hoover, 2003; Jack et
al., 1995; Pontharangkul and Demecri, 2004). Nisin has no effect on Gram-
negative bacteria but only Gram-positive bacteria are affected and these types
include LAB, vegetative pathogens such as Listeria, Staphylococcus, and the
sporeforming Bacillus and Clostridium (Chen and Hoover, 2003). The spore of
bacilli and clostridia are more sensitive to nisin than their vegetative cells,
although the antagonism is sporostatic rather than sporicidal, thus requiring the
continued presence of nisin to inhibit the outgrowth of the spores (Chen and
Hoover, 2003). Heat damage of spores increased their sensitivity to nisin, so that
nisin is effective against sporesin low-acid, heat-processed foods, resulting in its
use as aprocessing aid in canned vegetables (Delves-Broughton, 2005). Nisin at
levels of 500 to 10,000 1U per g prevented the growth of Clostridium botulinum

(Luck and Jager, 1995; Mazzottaet al., 1997).
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The mode of action for nisin against L. monocytogenesis that it inhibits the
biosynthesis of DNA, RNA, protein and polysaccharides, leading to speculation
that treated cells no longer have sufficient energy to carry out biosynthesis and
that the energy-transducing cytoplasmic membrane may be the primary
biochemical target (Sahl, 1985 and 1991). Both the lantibiotic and non-
lanthionine-containing bacteriocins seem to affect the membrane permeability
barrier by forming water-filled membrane channels or pores, by a barrel-stave
mechanism (Klaenhammer, 1993; Benz et al., 1991). Nisin has been shown to
induce autolysis (Jack et al., 1995) due to their cationic nature. Synthetic peptides
can bind to acidsin the cell wall releasing and activating autolytic enzymes that
are bound to these substrates (Bierbaum and Sahl 1987, 1988 and 1991; Sahl et
al., 1985). The amount of autolytic activity depends on the degree of cationicity
of the peptides interacting with the cells and enzymes release results from an ion-
exchange like process (Bierbaum and Sahl 1985 and 1991). Pre-energized cells,
in which pore formation and subsequent deplorization is accelerated, which
increases cell lysis (Bierbaum and Sahl, 1987 and 1988). In this study a culture of
L. sake Lb706 was used to determine its usefulness in preventing growth of L.
monocytogenesin Toroi. In addition afood approved commercial preparation of

the bacteriocin nisin (Sigma, St. Louis, Mo.) was also used.

The aobjective of this study were to determine whether Toroi; made from marine
mussels and either watercress or puha; and prepared by atraditional method, is
safeto eat. An objective was to determine whether the addition of approved

additives could ensure prevent the growth of the cold-tolerant pathogen, Listeria
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monocytogenes. To achieve these objectives the following investigations were

undertaken:

1) The food safety of Toroi stored for up to eight months was assessed
against the criteriain Guidelines for ready-to-eat food published by the
New Zealand Ministry of Health.

2) The ability of Escherichia coli, awidely used faecal indicator bacterium,
to survive in Toroi was investigated over an eight month storage period.

3) The effectiveness of an antilisterial species, Lactobacillus sake, and also
the addition of a purified bacteriocin, nisin (an approved food

preservative) to prevent the growth of Listeria monocytogenesin Toroi.
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Chapter 2

General Materialsand Methods

This chapter describes the materials and methods used throughout the study.

M ethodol ogies used for specific experiments are described in relevant chapters.

2.1. Sdection of Toroi ingredients

Green-lipped Mussels (Perna canaliculus)
All mussels for the study were purchased from alocal fishmonger on Toroi
preparation day. Mussels that had their shells already opened or cracked were

discarded.

Watercress (Nasturtium officinale) and Puha (Sonchus asper)
Watercress and puha were purchased from retail outlets including markets.
These plants were stored in a domestic refrigerator for 24 hours prior to Toroi

preparation.

2.2. Toroi preparation

For each Toroi batch, 2 kg of green-lipped mussels (Perna canaliculus) and
approximately 600 g of plant materia were used. The Toroi was prepared as
summarised in Figure 2.1. This method is widely used throughout New Zealand

and is also described by Hudson et al. (2001) and Whyte et al. (2001).
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2.21 Preparation of plant material

Plant material (puha or watercress) was washed under the cold tap in the
laboratory and the stalks rubbed until they lost their rigidness (to ensure even
cooking). Any dead leaves and large stalks were removed and the plant material
was chopped on a clean chopping board to approximately 5 cm x 5 cm and
placed in apot containing alitre of tap water and boiled for 30 minutes. The
cooked plant material was drained and the liquid from the plant materia was

stored in a sterile container for further use (if needed).

2.2.2. Preparation of green-lipped mussels

Mussels were prepared as described in the Compendium for the Microbiological
Examination of Foods (1992). Briefly, the shells were scrubbed with a stiff
brush under running tap water, paying particular attention to the crevices at the
junctions of the shells. The mussels were placed on absorbent paper and
allowed to dry. For cooking, mussels were placed in the wire basket and
steamed without contact with boiling water until the shells opened. Immediately
the shells opened mussels were removed from the steamer and the flesh
removed using a sterile knife.  The water in the pot was retained

(approximately 400 ml) for addition to the Toroi. The mussel flesh was

chopped on aclean chopping board in pieces to approximately 1 cm x 1 cm.

2.2.3. Assembly of Toroi
Chopped mussels, cooked plant material and the water over which the mussdls
were steamed were combined to form a batch of Toroi that weighed

approximately 1.5 kg. In this study, five batches were prepared using watercress



as the plant material and 5 using puha. To ensure homogeneity, each Toroi
batch was blended in a Waring Blender to form a purée consistency. The
pureed Toroi was then distributed among screw capped plastic jars (70 or 120
ml). Each jar wasfilled so asto |eave very little head space, and stored in a

refrigerator at 4 °C (to alow fermentation) until required.

2.2.4. Analysisof Toroi

For analysis, an aliquot from each of the 10 batches of Toroi that were prepared
in this study was analysed immediately after preparation. Fermented Toroi was
analysed at the following time intervals: one week, two weeks, one month and
two months after preparation. In addition, five batches were analysed eight
months after preparation, and three of these 12 months after preparation. For

analysis, one jar per batch was removed from the refrigerator.
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Flow chart summarising the preparation of each batch of Toroi.




23. pHof Toroi

To take the pH of Toroi, an diquot (10 ml) from each jar was allowed to return
to room temperature. The pH meter (AutoCal pH meter, Radiometer,
Copenhagen, Denmark) was fitted with a PHM 83 electrode. Prior to use, the

pH meter was calibrated with standard buffers (pH 4; pH 7; pH 10).

2.4. Referencecultures

The reference cultures of bacteria that were used in this study were obtained
from the New Zealand Microbiology Reference Culture Collection, Porirua or
from AgResearch. Escherichia coli NZRM 916, astrain that iswidely used in
water testing and Listeria monocytogenes NZRM 44 were obtained from
Porirua. Listeria monocytogenes L 70 and Lactobacillus sake Lb706 were

obtained from R. Jones (AgResearch).

These reference cultures were stored at -80°C until required. Working cultures
were prepared by streaking from a stored culture to a plate of non-selective
medium and checked for purity by culture examination and Gram staining. Pure
cultures were streaked over the surface of a slope of non-selective agar ina

Universal bottle grown over night at 37°C and used within 48 hours.
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2.5. Enumeration of Bacteria

Bacteriawere enumerated by either the spread plate technique or the Most
Probable Number (MPN) technique. In the spread plate technique, a 0.1 ml
aliquot of Toroi, diluted as required was spread evenly over the surface of an
agar plate. Inthe MPN technique, seria dilutions of Toroi were inoculated into
replicate tubes (5 per dilution) of appropriate broth. Those tubes that support
the growth of the target organism are counted to obtain an MPN scorethat is
referred to published probability tables. The tables used in this study (APHA,
1998) are givenin Appendix Il.  Prior to statistical analysis bacterial

concentrations were Log;o transformed.

Some pathogenic bacteria were sought in unamended Toroi by presence/absence

testing, rather than enumeration, as described below.

2.6. General diluent

The diluent used in this study was 0.1% Peptone (Appendix 1).



PART A. NATURAL TOROI

2.7. Recovery of Indicator Bacteriafrom Toroi

2.7.1. Plate Count Bacteria

Both aerobic and anaerobic bacteria were enumerated on the same non-selective
medium, Plate Count Agar (Appendix ), by spread plating. Aerobic Plate
Counts (APC) were grown at 25°C for 24 hours and Anaerobic Plate Counts
(AnPC) were grown in an anaerobic atmosphere (ANEROGEN, Oxoid, UK) at
25°C for 48 hours. Therecovery of bacteria by plate count is summarised

diagrammaticaly in Figure 2.2.

Soread plate technique

This method was suitable for enumerating viable bacteria from Toroi. Ten-fold
dilutions of corresponding Toroi samples diluted in 9 ml of Universal Buffer
(0.1% peptone and 0.85% NaCl) (see Appendix I) were prepared. 0.1 ml
volumes of the appropriated dilution were dispensed onto triplicate, dried plate
count agar plates. Theinoculawere spread over the surface of the agar as
evenly and quickly as possible using a disposable plastic spreader. The
inoculum was allowed to soak into the agar surface and the plates were
incubated at the desired temperature for an appropriate time. The colonies were
counted on the triplicate plates of the most suitable dilution. The formulae to

calculate the count is described in Appendix 11.
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Aerobic and Anaerobic Plate Count Technique

1gof Toroi into 9 ml of dilution fluid (0.1%
Peptone & 0.85% NaCl)

0.1ml 0.1ml 10-fold diluted Toroi homogenate spread onto

Plate Count Agar (in triplicate).

B ==

l l

AEROBIC ANAEROBIC
Incubatein

aerobic

conditions at 25°C

Incubatein a anaer obic atmosphere for 48
hoursat 25°C.

Count Plates with counts between 30 — 300 colony for ming units (cfu)

Figure 2.2. Diagram summarising the recovery of bacteria by plate count.
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2.7.2. Escherichia coli

E. coli were enumerated by the MPN technique using a three-step protocol.
Step one was selective enrichment in Lauryl Tryptose Broth (LTB) with tubes
incubated at 35°C for 48 hours. All tubes that showed growth (turbidity) were
sub-cultured to EC broth. Tubes of EC broth were incubated in a water-bath at
44.5°C for 24 hours (Step two). Tubes that showed growth (turbidity) and gas
production (a bubble in the inverted Durham tube) were sub-cultured to vials of
EC + MUG. Vialswereincubated in awater-bath at 44.5°C for 24 hours. Vials
that showed growth (turbidity) were examined under UltraViolet (UV) light
(366_nm) for evidence of purple fluorescence (Step three). Vialswith purple
fluorescence were scored positive for E. coli. All details of mediaingredients

and preparation are given in Appendix I.

The method for E. coli enumeration is a standard method for water (APHA,
1998) but it was necessary to modify the method by adding Step two, as
naturally fluorescent substances in the mussels interfered with the identification
of E. cali if the Lauryl Tryptose positive tubes were sub-cultured directly to EC
medium containing 4-methylumbelliferyl-p-D glucuronide (EC + MUG)
_asgiven in the standard method. The MUG test depends on the ability of E.
coli to produce the enzyme B-glucuronidase. E. coli isthe only member of the
Enterobacteriaceae (apart from Shigella) that produces this enzyme. The

method is summarised diagrammatically in Figure 2.3.
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When a non-sel ective medium was used for E. coli, asin maintenance and
preparation for the reference strain, the medium used was Tryptic Soy Agar

(TSA) (Appendix 1).

E. coli MPN METHOD

[
—_— () — e

Sample Serial dilutions in peptone buffer

ll ml ¢“"‘

i T

12 13 14 s
Single smength laury] Single strength luryl Single strength lauryl
irypiose broth trypiose broth tryplose broth

Primary selective enrichment 24 + 24 h/35+ 0.5°C

' | '
ke Do0 o Bo

Secondary selective enrichment 24 h/44.5 £ 0.2°C

: | :

Y% V Y
'

positive tubesto small vials containing EC + MUG 24 h / 44.5,0.2°C
Under UV illumination count blue/purplevials—E. coli

6

Figure 2.3. MPN method summarising the recovery of E. coli from Toroi.
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2.8. Recovery of Pathogenic Bacteria from Toroi

2.8.1. Listeriamonocytogenes

L. monocytogenes was recovered from Toroi by a presence/absence test not an
enumeration test. The conditions of the test were as specified by FSANZ (2001)
and set out in MIRINZ (2004a) Briefly, 25 g of Toroi was added to 225 ml of
Fraser Broth and incubated at 37°C for 48 hours. A loopful of growth was sub-
cultured to duplicate plates of MOX Agar, in afour-phase streak so asto obtain
single colonies. Mediadetails are given in Appendix |. Plates were incubated at
37°C for 24 + 24 hours. At each time interval suspect colonies (black) were
examined by Gram-stain and under wet mount (under phase contrast
microscopy) for motility. Colonies that were Gram-positive rods and motile
were further tested using API Listeria kits to obtain the species identification.

The method is summarised in Figure 2.4.
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LISTERIA MONOCYTOGENES

25 g Toroi into 225 ml Fraser broth
Incubate at 37°C for 48 hours.

v

e s

Subculture Fraser broth to MOX agar and streak theinoculum to obtain single colonies.
Incubate at 37°C for 24-48 hours.

v

Grey colonies surrounded by black zoneson MOX Agar
Confirm presumptive Listeria spp. by Gram stain

v

Confirm Listeria using API Listeriakits

Figure 2.4. Present/Absent test summarising the recovery of L. monocytogenes in
Toroi.



2.8.2. Thermotolerant Campylobacter

Thermotolerant Campylobacter was recovered from Toroi by a
presence/absence test (MIRINZ, 2004c¢ ) not an enumeration test. Briefly, 25 g
of Toroi was added to 225 ml of the primary selective enrichment medium,
Exeter broth. Inoculated Exeter broth was incubated at 37°C for 24 hours after
which broths were transferred to an incubator at 42°C and incubated for a
further 24 hours. A loopful of growth from Exeter broth was subcultured to
duplicate plates of modified Charcoa Cefoperazone Deoxycholate (INCCDA)
selective agar.  Plates were incubated in a microaerophilic atmosphere (using
CampyGen, Oxoid, UK to generate a 6% O, and10% CO, atmosphere) and
incubated at 42°C for up to 48 hours. Media details are given in Appendix I.
Campylobacter colonies wereidentified by the unique spreading growth and
their identity confirmed by examination of awet mount under phase contrast
microscopy. Campylobacter isidentified by the ‘seagull’ shape morphology of

shellsthat are highly motile. This method is summarised in Figure 2.5.
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CAMPYLOBACTER

Add 25 g Toroi into 225 ml Exeter broth

e Transfer toa 250 ml screw-top bottle ensuring <1 cm headspace
e Incubatein microaerophilic conditionsfor 24 hoursat 37°C
e  Transfer to42°C for afurther 44 hours.

Inoculate from enrichment broth to an mCCDA plate.
Streak the inoculum to obtain single colonies.

Incubatefor 48 hoursat 42°C in a microaerophilic , Atmosphere. - { Deleted:

l
:
l
==
|
g~

Confirm asthermotolerant Campylobacter

I\

P a— P —
Gram stain Micr oscopic examination
of wet mount

Figure 2.5. Diagram summarising the recovery of thermotolerant Campylobacter.
2.8.3. Recovery of Salmonella
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Salmonella was recovered from Toroi by a presence/absence test (MIRINZ,
2004b) not an enumeration test. Briefly, 25 g of Toroi was added to 225 ml of
Buffered Peptone Water (BPW) and the mixture incubated at 37°C for 16-20
hours. 100 pl of growth was transferred to a tube of Rapport-Vassiliadis- (RVS)
broth that was pre-warmed to 42°C; inoculated tubes were placed in awater-
bath at 42°C and incubated for 24 hours. Tubes that showed evidence of growth
(turbidity) were sub-cultured to duplicate Xylose, lysine, desoxycholate (XLD)
plates. XLD plates wereincubated at 37°C for 24 hours. Coloniesthat were
black and surrounded by a red zone were deemed presumptive Salmonella and
tested further to confirm the identification. Thistesting was by Gram-stain (to
confirm Gram-negative rods) and Microbact test kits (Microbact, Australia).

This method is summarised in Figure 2.6.
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SALMONELLA

25 g of Toroi into 225 ml Buffered Peptone Water (BPW).
Incubate at 37°C for 24 hours.

!

Transfer aloopful of sample homogenated to a selective enrichment medium
(Rappaport-Vassiliadis Soya Peptone (RVS) broth.

!

=

Transfer aloopful of selective enrichment medium to
XLD agar.
Streak the inoculum to obtain single colonies.

!

Check for typical colonies
Black surrounded by ared zone

!

Confirm Salmonella using commercial test kits.

Figure 2.6. Diagram summarising the recovery of Salmonella.
2.8.4. Enumeration of Clostridium perfringens
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C. perfringens was enumerated by spread plating on Toroi samples sent to the
analytical laboratory of the Environmental Science Research Institute (ESR),
Christchurch Science Centre. Briefly, 0.1 ml aliquots of Toroi, diluted as
required were spread to plates of Tryptone-Sulfite-Cycloserine (TSC) Agar and

incubated anaerobically for 18 to 24 hours at 35° to 37°C.

2.8.,5. Enumeration of Coagulase positive Staphylococci

S aureus was enumerated by spread plating on Toroi samples sent to the
analytical laboratory of the ESR, Christchurch Science Centre. Briefly, 0.4 and
0.3 ml aliquots of Toroi, diluted as required were spread to plates of Baird-

Parker agar and for 45 to 48 hours at 35° to 37°C.

2.8.6. Enumeration of Bacillus cereus

B. cereus was enumerated by spread plating on Toroi samples sent to the
analytical laboratory of the ESR, Christchurch Science Centre. Briefly, 0.1 ml
aliquots of Toroi, diluted as required were spread to plates of Pre-dried

Mannitol-Egg-Y olk-Polymixin (MY P) agar and incubated for 24 hours at 30°C.

2.8.7. Enumeration of Vibrio parahaemolyticus

V. parahaemolyticus was enumerated by spread plating on Toroi samples sent to
the analytical laboratory of the ESR, Christchurch Science Centre. Briefly, 0.1
ml aliquots of Toroi, diluted as required were spread to plates of Thiosulphate

Citrate Bile Sdts Sucrose (TCBS) and incubated for 24 hours at 35°C.

The results obtained for bacterial recovery from Toroi are given in Chapter 3.
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PART B. SURVIVAL OF E. coli IN STORED TOROI

2.9. Addition of E. colito Toroi

The reference culture E. coli NZRM 916 was added to aliquots from each of the

10 batches of Toroi at two different concentrations deemed high and low.

2.9.1. Preparation of the E. coli inoculum

The E. coli inoculum was prepared by growing the reference culture E. coli
NZRM 916 on aslope of Tryptic Soy Agar as described in 2.5 above. All the
growth was removed from the slope into 100 ml of 0.1% Peptone buffer. This
suspension was diluted to obtain the number of E. coli required by serial dilution

in 9 ml of peptone buffer.

2.9.2. Addition of E. coli to Toroi at high level

To add E. coli NZRM 916 to Toroi at a high level, the suspension (2.9.1) was
diluted to 10™. This dilution was expected to contain approximately 10° cells
mi™ and 5 ml of this dilution was added to 500 g of Toroi to give an expected
concentration of 10* E. coli g™ Toroi. Carewas taken to ensure thorough
mixing of E. coli throughout the Toroi. The 500 g of inoculated Toroi was
distributed over screw top jars (70 ml capacity) so asto ensure aminimal

headspace. Thejars of inoculated Toroi were stored at 4°C.
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From each batch, at each level of E. coli addition, ajar was removed from the
refrigerator for analysis of E. coli at the following time intervals: one week, two
weeks, one month and two months. An aliquot from each batch at each level
was analysed prior to refrigeration (time zero). Analysis for E. coli was by

MPN as described in 2.7.2.

2.9.3. Addition of E. coli to Toroi at low level

Toadd E. coli NZRM 916 to Toroi at alow level, the suspension (2.9.1) was
diluted to 10°. This dilution was expected to contain approximately containing
approximately 10* cellsml™. One ml of this dilution was added to 100 g of
Toroi to give an expected concentration of 10% E. coli g™ of Toroi. Carewas

taken to ensure thorough mixing of E. coli throughout the Toroi.
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PART C. INHIBITION OF LISTERIA MONOCYTOGENES IN

TOROI

2.10. Maintenance of Listeria monocytogenes

L. monocytogenes was recovered by inoculating avial of BHI broth with a
colony of L. monocytogenes that had been stored at -80°C and incubating the
vial for 24 hours at 35°C. The L. monocytogenes culture was Gram-stained to
determine culture purity. Slopes of BHI Agar were inoculated with afreshly
grown L. monocytogenes and slopes incubated at 35°C for 24 hours. Pure
cultures of L. monocytogenes were enumerated by spread plating of appropriate
dilutions to plates of BHI Agar that were incubated for 24 hours at 35°C. The
limit of detection of the enumeration method used was 100 L. monocytogenesin

one gram of Toroi.

2.10.1. Enumeration of Listeria monocytogenesin growth inhibition studies
In studies undertaken to determine effective strategies for inhibiting the growth
of L. monocytogenes, enumeration was by a direct plating method. In this
method L. monocytogenes, diluted as required, was spread to semi-dried plates
of Modified Oxford (MOX) Agar (Oxoid, UK). Plates wereincubated at for 48
hours at 37°C. Slightly concave grey colonies with ablack halo were counted

as L. monocytogenes in these pure culture studies.
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2.10.2. Growth and preparation of Lactobacillus sake L b706

MRS broth (Merck, Germany) was used to culture L. sake. 10 ml of MRS broth
(prepared as described in Appendix |) was dispensed into Universal bottles and
sterilised (as described in Appendix 1). For use, aUniversal bottle was
inoculated with aloopful of L. sake that had been stored at -80°C, and

incubated for 24 hours at 30°C (in a 10% CO, atmosphere using CampyGEN,
Oxoid). Working stocks were prepared by streaking aloopful of growth from
an overnight broth to a plate of MRS agar (see Appendix 1) that was incubated
as described for the broths. Plates were inspected for culture purity and a Gram-
stain carried out and then plates were stored in the refrigerator at 4 + 1°C until

required (within 2 weeks).
For use in inhibition studies, only freshly grown 24 hour L. sake MRS broth
cultureswere used. The growth temperature of these inocula was determined

experimentally (Chapter 5).

2.11. Microscope Methods

2.11.1. Direct Examination method

Wet mount preparations were used to alow rapid examination of the

morphology and motility of microorganismsin afluid medium.
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2.11.2. Gram stain
The principle of the procedure consists of:
e Staining afixed smear with crystal violet.
o Applying iodine as a mordant.
e Decolourising the primary stain with a cohol acetone; and

e Counterstaining with safranin or basic fuchsin.

Fpoecimen collection and preparation

The test specimen was applied to aclean glass slide in amanner that will yield a
thin, uniform smear. Colonies grown from an 18 — 24 hour culture broth were
used. The smear was alowed to dry by the heat fix method, by passing the slide
through alow flame 2 — 3 times. The slide was cooled to room temperature

before staining.

Reagent preparation
Thetraditional Gram iodine working solution was prepared by adding an entire
2. 5ml ampule of Gram iodine 100X to 250 ml Gram diluent.

The 4-Step staining procedure was used.

Protocol:
1 Flood the fixed smear with primary stain (Gram Crystal Violet) and
stain for 1 minute.

2. Remove the primary stain by gentle washing with cold tap water.



10.

Results:

Flood the dlide with mordant (Gram lodine or Stabilised Gram
lodine) and retain on the slide for 1 minute.

Remove the mordant by gentle washing with tap water.

Decolorize (Gram Decolorize) until solvent running from the dideis
colourless (30 — 60 seconds).

Wash the slide gently in cold tap water.

Flood the dlide with counter stain (Gram Safranin) and leave for 30 —
60 seconds.

Wash the slide with cold tap water.

Blot with blotting paper or paper towel or alow air dry.

Examine the smear under an oil immersion lens.

Reaction A_l-Step technlque_
using Gram Safranin

Gram positive Purple-black cells

Gram negative Pink to red cells
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Chapter 3

Microbiological Quality of Toroi

3.1. Introduction

A commonly used preparation technique is to mix boiled green leafy
vegetables with chopped mussel flesh, pack the mixture into screw-capped
containers that are then stored in the refrigerator for periods ranging from a

few daysto several weeks.

The food safety of avariety of Toroi preparations was investigated by Hudson
et al. (2001) and Whyte et al. (2001) who reported that the only
microorganism of concern they recovered was the spore-former Bacillus
cereus. B. cereus can grow at temperatures above 5°C so it isimportant to

keep Toroi in arefrigerator and served chilled to prevent bacterial growth.

Nowadays many Toroi makers use mussels purchased from acommercial
outlet. Asthese mussels are required to meet New Zealand Food Safety
Standards thereisavery little risk that they will be contaminated by
microorganisms of health concern. However, there are undoubtedly risks
associated with consuming mussels gathered from the wild especialy from
locations impacted by streams or rivers contaminated by effluents or farm
runoff. In addition, as with any pre-prepared ready-to-eat food thereis aways

the possibility that Toroi could be contaminated during its preparation.
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To investigate the food safety of Toroi, 10 batches of Toroi were assessed
against the Guidelines for ready-to-eat food published by the Ministry of

Health in 1995. The Toroi was tested over a storage period of 8 months.

3.2. Results

Ten batches of Toroi ingredients were prepared as described in sections 2.1
and 2.2. All ten batches of Toroi were analysed for the indicator bacteria E.
coli and aerobic bacteria by Aerobic Plate Counts (APC). Five of the batches
were a so analysed for anaerobic bacteria by Anaerobic Plate Counts (AnPC),
and seven pathogenic bacteria:

= Listeria monocytogenes (section 2.8.1);

e Thermotolerant Campylobacter (section 2.8.2);

e Salmonella spp.(section 2.8.3);

e Clostridium perfringens (section 2.8.4);

e Coagulase positive Staphylococci (section 2.8.5);

e Bacillus cereus (section 2.8.6);

e Vibrio parahaemolyticus (section 2.8.7).

3.21. pH
Overal, the pH dropped during storage. In freshly prepared Toroi the median
pH was 6.70, after 2 months it had declined to 5.78, after 8 months to 5.92 and

by 12 months the median pH was 5.84.
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The pH of the 5 batches of Toroi that were analysed for pathogens over a2
month storage period is shown in Table 3.6 together with the recovery of B.

cereus.

3.2.2. Recovery of Indicator Bacteria

Aerobic Plate Counts

The recovery of aerobic bacteria by plate counts (APC) from all 10 batches of
Toroi issummarised in Table 3.1. As shown in logyo values the APC increased
from an initial overall average of Logs 3.02 g™ Toroi (wet weight) to an
overall average of Logo 7.89 g Toroi (wet weight) after 2 months. For all
batches the greatest increase occurred over the first week of storage and the
numbers remained similar throughout the rest of the storage period;
presumably due to the exhaustion of fermentable carbohydrates (Hudson et al.

2001).

The APC numbers were also compared on the basis of the plant material used
and the results are summarised in Table 3.1. No significant difference was
identified on the basis of plant as shown by statistical analysis (of variance)

summarised in Table 3.2.
Five batches of Toroi had an extended storage of 8 months with 3 batches

further extended for 12 months. The average recovery of APC over the entire

12 months storage is shown graphically in Figure 3.1.
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Aerobic Plate Count for Toroi

Log;o g™ (wet weight)

Overall n
Storage Time Watercress Puha =10
n=5 Log1q n=5

Average Log,, Average | L0910 Average s.d
Initial Day 3.54 2.49 3.02 0.98
1 week 7.36 5.03 6.2 1.09
2 weeks 7.92 7.03 7.47 1.04
1 month 7.8 7.93 7.86 1.28
2 months 6.55 7.84 7.89 1.18
8 months 7.44 0.84
12 months 7.44 1.81

Table 3.1. Summary of Log;, Average CFU g™ (wet weight) on Toroi storage interval
for Aerobic Plate Counts (APC) containing either watercress or puha as the plant
material in Toroi. Note: there were only 5 batches analysed for Toroi stored at 8
months and only 3 at 12 months.

10

APC

T

Log;o Average CFU g‘1 (wet weight)
(4]

[N

II

Initial Day

1 week

2 weeks

1 month

Storage interval

2 months

8 months

12 months

Figure 3.1. Summary of Overall Log;, Average CFU g™ (wet weight) on Toroi
storage interval for Aerobic Plate Counts (APC) containing either watercress or puha
as the plant material in Toroi. Note: there were only 5 batches analysed for Toroi
stored at 8 months and only 3 at 12 months.
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One-way ANOVA: APC on Toroi prepared from either watercress or
puha

Source DF SS MS F P
Fact or 1 0.19 0.19 0.06 0.817
Error 12 40.74 3.40

Tot al 13 40.93

S=1.843 RSq=0.46% R-Sq(adj) = 0.00%

I ndi vi dual 95% Cls For Mean Based on
Pool ed St Dev

Level N Man StDev --------- A oo oo +
wcress 7 6.823 1.552 (-------------- M )
puha 7 6.590 2.093 (-------------- e )
--------- R T T
6.0 7.0 8.0 9.0

Pool ed StDev = 1.843

Table 3.2. Results of One-way analysis of variance carried out to identify any
difference in recovery of APC from watercress Toroi and from puha Toroi.
There were five batches of each type of Toroi each analysed over two
months of refrigerated storage (Minitab statistical package).

Anaerobic Plate Count

The recovery of anaerobic bacteria by plate counts (AnPC) from 5 batches of
Toroi issummarised in Table 3.3. As shown in Log;o values the AnPC
increased from an initial overall average of Logyo 2.96 g* Toroi (wet weight)
to an overall average of Logy0 8.13 g Toroi (wet weight) after 2 months. For
all batches the greatest increase occurred over the first week of storage and the
numbers remained similar throughout the rest of the storage period. Thiswas
presumably also due to the exhaustion of fermentable carbohydrates (Hudson
et al. 2001). Hudson registered amean log AnPC of 6.4, suggesting a higher

level of carbohydrate in preparations in this study.
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Log;o g (wet weight)

Anaerobic Plate Count for Toroi

Overall
. n=5
Storage Time
Log,o Average s.d
Initial Day 2.96 0.86
1 week 7.65 0.68
2 weeks 8.42 1.12
1 month 8.14 0.41
2 months 8.13 0.41

Table 3.3. Summary of Anaerobic Plate Counts (AnPC) in Toroi, containing either
watercress or puha as the plant material, over two months refrigerated
storage. All AnPC are expressed as Log;, Average CFU g™ (wet weight).

12

10

Logy, Average CFU g™ (wet weight)

AnPC

.

HH

——

Initial Day 1 week

2 weeks

Storage Interval

1 month

2 months

Figure 3.2. Summary of overall Log;, Average CFU g (wet weight) on Toroi storage
interval for Anaerobic Plate Counts (AnPC) in Toroi containing either
watercress or puha as the plant material over 2 months refrigerated storage.
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Escherichia coli

The recovery of E. coli from 10 batches of Toroi is summarised in Table 3.4.
E. coli were detected in 4 of the 10 batches of Toroi. Recovery was sporadic
with only 7 of the 60 samples that were analysed in total being found to
contain this organism. The highest level of recovery from any of the Toroi
sampleswas 0. 2 E. coli g* (wet weight), thisis considerably less than the
criterion of < 3 E. coli g set out in Guidelines (FSANZ, 2001; NZFSA,
2005a; Ministry of Health, 1995) that are reproduced in Table 3.5;
demonstrating that the Toroi was satisfactory. The sporadic recovery of E.
coli occurred over two months of storage but none were recovered from

samples stored for eight months.

Batch E. coli CFU g™ (wet weight)
number Preparation lweek 2weeks 1month 2 months
Day
w1 0 0 0 0 0
w2 0 0 0 0 0
w3 0 0 0 0 0.23
w4 0 0 0 0 0.02
W5 0 0 0.02 0 0
P1 0.08 0 0.02 0.04 0.08
P2 0 0 0 0 0
P3 0 0 0 0 0
P4 0 0 0 0 0
P5 0 0 0 0 0

Table 3.4. E. coli (CFU g™ (wet weight) detected in Toroi throughout the storage
interval. Toroi stored for 8 months had no E. coli detectable.
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3.2.3. Recovery of Pathogens

The pathogens sought were those specified in the 2001 Guidelines for ready-
to-eat foods (FSANZ, 2001; NZFSA, 2005a) that also give allowable limits
(assummarised in Table 3.5). The Ministry of Health (1995) requirement is
that aminimum of five batches of a product be tested to ensure that the

assessment is not biased by the results for asingle batch.

None of the batches of Toroi contained Listeria monocytogenes, Salmonella
spp., thermotolerant Campyl obacter; coagul ase positive Staphyl ococci,
Clostridium perfringens or Vibrio parahaemolyticus; either when freshly
prepared or after storage. All 5 batches were analysed for these bacteria at
intervals over 8 months refrigerated storage with 3 batches also analysed after
12 months storage. On one occasion Vibrio alginolyticus, a species known to
be associated with wound infections after exposure to seawater (Opa and
Saxon, 1986; Gomez et al. 2003) but is not pathogenic, was recovered from a
freshly prepared batch of Toroi. Two of the three 12 month storage samples
analysed contained Listeria ivanovii, a species that is not considered a

foodborne pathogen (Lammerding et al. 1992).
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Microorganism Microbiological Quality (cfu g'l)
. : . Potentially

Satisfactory Marginal Unsatisfactory hazardous
Indicator
Escherichia coli <3 3-100 2100
Pathogens
Coagulase +ve <107 10%10° 10*10* >10*
staphylococci
Clostridium <10? 10%10° 10*10° >10°
perfringens
Bacillus cereus <10° 10°-10° 10°-10° >10"
Vibrio . <3 <3-10° 10-10° >10°
parahaemolyticus
Campylobacter Not detected in detected
spp. 2549
Salmonella spp. Not dtzetSeSted in detected
Listeria Not detected in Detected >102
monocytogenes 25 g but <10? =

Table 3.5. Guideline levels for determining the microbiological quality of ready-to-eat
foods (FSANZ, 2001; NZFSA, 2001). The allowable limits for all
microorganisms are expressed in terms of colony forming units (CFU).

Bacillus cereus

B. cereus was recovered from all five batches of Toroi in which it was sought.
The recovery of B. cereusin Toroi issummarised in Table 3.6. All B. cereus
numbers are expressed as cfu g™*. Five batches of Toroi were detected for B.
cereus and al batches were positive for B. cereus on the initial day. After the
initial day of preparation, B. cereus was detected sporadically within the first
two weeks of storage. In the freshly prepared Toroi B. cereus numbers ranged
from 70 t012,000 cfu g*; only one batch met the ‘ satisfactory’ criterion, the
other four being ‘margina’. However, after 2 weeks storage B. cereus
numbers were less than 10 cfu g™ in all batches, so all our Toroi samples were
now categorised as ‘ satisfactory’. One batch (B10) produced an increase of B.

cereus numbers from 1000 to 15000 cfu g* within aweek of storage. The
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vegetable component of this Toroi batch was prepared outside the laboratory

and was transported to the laboratory after boiling.

Batch Storage time

Preparation day 1week 2weeks 1 month 2 months

B6 B.cereus 1200 <10 70 <10 <10
pH 6.8 6.4 6.3 6.2 5.8
B7 B.cereus 70 <10 <10 <10 <10
pH 6.7 6.3 6.4 6.2 5.8
B8 B.cereus 1900 <10 <10 <10 <10
pH 6.9 6.5 6.1 6.0 6.0
B9 B.cereus 380 60 <10 <10 <10
pH 6.2 6.1 6.0 6.5 6.2
B 10 B. cereus 1000 15000 <10 <10 <10
pH 6.4 6.3 5.9 5.8 5.7

| Table 3.6. Recovery of Bacillus cereus (as number of colony forming units_g™*) from
samples of Toroi stored for up to 2 months at 4 — 5°C in a refrigerator.

3.3. Discussion

Over thefirst week of storage there was avery large increase in bacteria
measured by both APC and AnPC, but there was little change after that. The
numbers of APC were similar to those reported by Hudson et al. (2001) for a
Toroi preparation that was broadly similar to that of this study. These workers
reported an average value for APC of 3.3 Logyo cfu g in fresh Toroi and an
average value for APC of 7.7 Logyo cfu g after 2 months storage. The
average values in this study were 3.0 and 7.9 respectively. Asthe samples
were analysed progressively throughout the storage period it was possible to

identify changes. In this study the APC numbers did not change after two
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weeks and for up to eight months; three samples were also analysed after
twelve months and the APC population was not significantly different from

that at two weeks (see Figure 3.1).

It appears that the APC population grew most quickly early in the study,
possibly before the temperature of the Toroi had reached refrigeration level
and did not increase beyond that. Because the plant material was subjected to
aprolonged boiling period it is likely that only spores survived and those non-
spore forming bacteria that contributed to the APC population were only
derived from shellfish. Evidence that this might have been the caseis

provided by the lack of correlation of APC with plant variety.

The changesin pH during storage demonstrate the establishment of
fermentation during storage. Hudson et al. (2001) identified fermentation by
observing both adrop in pH from 6.1 to 5.0, together with an increase in the
end products of fermentative metabolitesi.e. volatile fatty acids, particularly
|lactic acid. Lactic acid increased from 0.7 x 10 mol L™ in fresh Toroi to 14.6
x 10 mol L™ after 2 months storage. The drop in pH in this study is somewhat
less than that of Hudson et al. (2001). These workers suggested that pH 5.0 is
not low enough to ensure product safety and recommended that Toroi be held
for up to 48 hours at ambient temperature to establish sufficient fermentation

to decrease the pH further.
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The AnPC numbersin the Toroi analysed in this study were somewhat higher
than those reported by Hudson et al, (2001). In this study the numbers for
AnPC were 2.9 Logy, cfu g and 8.1 Logyo cfu g compared to their values of
3.3and 6.4. AnPC numbers did not change after two weeks and for up to two
months (see Figure 3.2). Hudson et al. (2001) suggested that the stability in
numbers of plate counted bacteria was due to exhaustion of fermentable
carbohydrates. However, athough the population of AnPC did not increase
after two weeks the median pH had dropped by twelve months (pH 5.84)
compared to that at two weeks (pH 6.39). The declinein pH over this period
suggests that fermentation did continue so presumably the component
population contributing to the AnPC at least changed as different

carbohydrates were progressively used as substrates.

Bacillus cereusis a spore-former that iswidely distributed in nature and some
strains produce toxins that cause food poisoning (Rhodehamel and Harmon,
2001). Emetic food poisoning is caused by ingestion of a pre-formed highly
stabletoxin, cereulide, and is mostly associated with starchy foods.

Diarrhoeal disease results from ingestion of Bacillus cereus cells (or spores)
that multiply within the intestines and produce enterotoxins (designated HBL,
HBE or T). The diarrhoea toxins are heat and acid-labile and are mostly

associated with proteinaceous foods such as meat (Whyte and Wong, 2004).

AsB. cereusis known to be recovered from vegetables (Rhodehamel and

Harmon, 2001) it probably originated from the watercress or puha. The
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extended boiling would destroy bacterial cellsleaving only spores. These
spores could include B. cereus (although considerable variation in heat
resistance is reported for the spores of different strains; Whyte and Wong,
2004). Bacillus cereus includes psychrotrophic strains, so that any present
could germinate (Dufrenne et al. 1994) and grow well during refrigeration
storage as there would be little competition for substrates (due to the
destruction of bacterial cells). However, the Toroi was made from boiled
plant material and lightly cooked marine mussels so that the latter would be
able to contribute viable cells. No B. cereus were recovered during the later
stages of storage but both aerobic plate count bacteria (Fig. 3.1) and anaerobic
plate count bacteriaincreased (Fig. 3.2), supporting their source being the

mussals.

The decline of B. cereusin Toroi during storage suggests inactivation.
Reasons for this are not clear but it could be speculated that both an inability
to compete for substrates with other bacteria sourced from mussels and
antibacterial compounds produced by some of the competing microorganisms
were responsible. It has been reported that lactobacilli greatly decreased the
count of B. cereusin milk after 10 hours (Kim et al. 2000) and that the
bacteriocin, nisin inhibited both sporulation and growth (Whyte and Wong,
2004). Inhibition has aso been reported for bacteriocin AS-48, produced by

Enterococcus faecalis (Abrioudl et al. 2002).

78



In one batch of Toroi (B 10) a100-fold increase in B. cereus was determined
at week one, but after this there was no further recovery of this organism.
Thisfinding could be attributed to germination of spores during week one
followed by an increase in inhibitory microorganisms (presumably
lactobacilli) by week two. Germination of spores can apparently occur at a
range of temperatures; including room temperature (Giffel et al. 1995) and
below the minimal growth temperature of a strain (Dufrenne et al. 1994) so
that it islikely that all spores had germinated by the end of week one.
Lactobacillus spp. were not measured specifically but they would be expected
to be present as they grow well in fermented products and the establishment of

fermentation was demonstrated in the Toroi by the observed reduction in pH.

Asnot all B. cereus strains produce toxin (e.g. only serovar HI produces
cereulide toxin) recovery of these bacteriais not a demonstration of toxicity.
For example in arecent study only18 of 54 strains were positive for toxin
production (Taylor et al. 2005). The NZ Food Standards are based on
enumeration of B. cereus not identification of toxin. Thereis no routine test
for cereulide - only atissue culture assay of heat-treated culture supernatants
(Taylor et al. 2005). Commercial test kits are now available for diarrhoeal
toxin testing but this was not a done in this study. The numbers of B. cereus
cells recovered were less than the 10° in agram of food reported to be

required for infection.
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Establishment of fermentation with the associated production of volatile fatty
acids and pH drop are important for the control of B. cereus growth. Inthis
study B. cereus was recovered from all samples on the day of preparation but
only on one occasion on was concentration was high enough to cause concern
(B 10, week one). On this occasion the cooked vegetable component was held
for several hours before the Toroi was mixed and packed into containers.
Hudson et al. (2001) and Whyte et al. (2001) suggested that Toroi preparation
may be safer by alowing the lactic acid fermentation to proceed at a warmer
temperature for the first 48 hours before transferring to chilled conditions for
storage as has been achieved for kimchi (Lee et al. 1995). Results of this
study demonstrated that when the boiled vegetable component was held for
several hours at room temperature B. cereus increased to an unsatisfactory

level.

Although the protocol of rapid preparation and refrigeration appeared to be
sufficient to prevent the growth of B. cereus, it cannot be denied that thereis
potential for B. cereusto grow in Toroi prior to the establishment of
fermentation. If acereulide-producing strain were present and conditions
were favourable for growth (reported generation time under optimum
conditionsis 18 — 27 minutes;, Whyte and Wang, 2004) then the concentration
could reach the 10° or more in agram of food that has been found to be
required to produce sufficient toxin to cause emetic food poisoning. Cereulide
toxinisvery stable and is unlikely to be affected by the prolonged storage. If

B. cereusis successfully inactivated during storage, as appeared to be the case
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in this study, it is most unlikely that Toroi stored for two weeks or longer
would be a source of the enterotoxin-producing strains that can cause

diarrhoeal food poisoning.

There were no Clostridium perfringens detected in Toroi and this organism
may be a helpful indicator of the absence of Clostridium botulinum. This
organism is significant as the only report of foodborne botulism in New
Zeadand was associated with Toroi (Flacks, 1985). Although no identified
organism was isolated from the two affected patients, a blood sample from

one of them contained type A botulinum toxin (Gilbert et al. 2006).

Clostridium botulinum is an anaerobic bacterium that produces spores that
survive ordinary cooking and are resistant to freezing. There are a number of
different strains of C. botulinum some of which produce potent neurotoxins
(BONT). Thetoxins are stable at low pH, resistant to freezing but are
inactivated rapidly at temperatures of 85°C or higher. Foodborne botulismin
humansis usually caused by Group | (proteolytic) strains of C. botulinum -
types A, B, or occasionally F - or Group |1 (non-proteolytic) strains that
includetype E. Type A is strongly associated with vegetable products while
type E associated with seafood including shellfish (Hielm et al.1988; MoH,
2001). Clostridium botulinumtype A grows at neutral pH and at temperatures
above 10°C. Clostridium botulinum type E produces less heat resi stant
spores (than type A) but it can grow at refrigeration temperatures (MoH,

2001). Type A toxin is reported to be more potent and have higher lethality
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than types B and E (Boerema and Broda, 2004). In spite of extensive surveys
there have been no reports of the presence of C. botulinumtype E in New
Zedand (Gilbert et al. 2006). Some workers believe that C. botulinum types
toxic to humans do not occur frequently in New Zealand (Gill and Penney,

1982).

Hudson et al. (2001) recommended that if Toroi isto be stored (rather than
eaten immediately after preparation) it be held at room temperature for 48 h
prior to refrigeration to allow lactic acid fermentation to proceed rapidly so
that the pH will be reduced to less than 4; alevel at which neither Group | nor
Il types will grow or produce toxin (MoH, 2001). These workers consider that
type E isaparticular risk in foods contained shellfish that are subjected to
prolonged refrigeration storage. The recommendation to refrigerate Toroi as
soon as possible after preparation made with respect to controlling the growth
of B. cereus would not protect against C. botulinum as the lowest pH achieved

was pH 5.7 (see Table 3.6).

A species of Vibrio was isolated from one of the Toroi batches on preparation
day and identified as Vibrio alginolyticus. This speciesis not classed asa
food-borne pathogen, although in the marine environment it has been reported
as a pathogen associated with infection of open wounds (Opal and Saxon,
1986; Gomez et al. 2003). A non-pathogenic Listeria species, L. ivanovii,

was isolated from 2 batches of Toroi after 12 months storage.
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Many food-borne pathogens are spread by the faecal-oral route and some of
these are common to both animals and humans. E. coli is a preferred indicator
of faecal microbiological contamination because of its high specificity in the
faeces of warm-blooded animals and humans (Dufour, 1977). E. coli were
recovered sporadically in very low numbers over the storage period. Asthe
plant material was boiled for 30 minutes these E. coli would have been
sourced from the mussel component. The NZ sanitation requirements for
shellfish exported or sold at retail outlets are <230 E. coli 100 g*. Inthis
study recovery was at least 10-fold less than these requirements (Table 3.4),
indicating that the Toroi in this study also met the guidelines for ready-to-eat
foods (<3 g%). Traditional Maori tikanga (protocol) around food gathering
and food handling in the past may have provided alevel of protection from
some food safety hazards. In findings presented to the Land Treatment
Collective Conference (Dixon, 2005) it was shown that the bacterial loadings
of watercress harvested from streams can be reduced by careful selection of
harvesting sites and careful picking and washing of watercress plants.
Although it might seem there were more incidences of E. coli recovery in
watercress than puha Toroi (Table 3.4), thisis most likely to be simply co-
incidental since the mussels were amost certainly the source of this

bacterium.
The results obtained in this study were reported to the New Zealand Food

Safety Authority (Dixon and Donnison, 2006) and will be presented to the

New Zealand Microbiology Society Conference in Hamilton, 2006.
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Chapter 4

Survival of E. coli in Toroi

4.1. Introduction

Escherichia coli are widely used as an indicator for faecal pollution, and like
many food borne pathogens are spread by the faecal-oral route. For thisreason it
isincluded among the organisms which are measured to demonstrate that ready-
to-eat food is safeto eat. Such food is only classed as satisfactory when less than
3 E. coli gt isdetectable. E. coli does not grow at refrigeration temperatures
(Ingraham et al., 1983) and death or injury of E. coli caused by chillingisan
important reason for recommending refrigerated storage for food (Speck and
Cowman, 1969). This chapter describes a study which was carried out to

determine whether E. coli could survivein Toroi.

The vegetable component of Toroi was boiled for 30 minutes so that only the
lightly-cooked mussels would be liable to contain E. coli. However, the mussels
were purchased from aretail outlet which means that they would meet the New
Zealand food safety standard so there was avery low probability that E. coli
would be naturally present. In order to investigate E. coli survival alaboratory-
grown culture, E. coli NZRM 916, was added to prepared Toroi and its survival

followed over an eight month period.
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4.2. Methods Used

4.2.1. Amendment of Toroi with laboratory grown E. coli

To inoculate Toroi, a culture of E. coli NZRM 916 was transferred from -80°C
storage into Tryptic Soy Broth (TSB) and grown overnight at 37°C. A loopful of
growth was streaked on to a Tryptic Soy Agar (TSA) plate, incubated overnight at
37°C and colonies inspected and a Gram-stain carried out to check culture purity.
A colony was then streaked on to a slope of TSA and incubated overnight at
37°C. To prepare an E. coli suspension for inoculation into Toroi, al the growth
was removed from the slope and resuspended in 100 ml of 0.1% Peptone buffer.
Seria dilutions were made in 9 ml aliquots of 0.1% Peptone buffer for use as the
inoculum. The actual numbers of E. coli cellsin the suspension were measured
by spread plating (in triplicate) 0.1 ml aliquots of the 10°° dilution on to TSA

plates which were incubated overnight at 37°C.

Inoculation of Toroi at high dose

The E. coli suspension was diluted to 10 and 5 ml added to 500 g of
homogenised Toroi. Particular care was taken to ensure that the inoculum was
mixed thoroughly with the Toroi. The inoculated Toroi was dispensed into screw-
capped jarsfilled so asto leave little or no head-space. Thejars were stored in the

refrigerator until required for analysis.

Inoculation of Toroi at low dose

The E. coli suspension was diluted to 10° and 5 ml added to 500 g of

homogenised Toroi. The inoculated Toroi was dispensed into screw-capped jars
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filled so asto leave little or no head-space. Thejars were stored in the

refrigerator until required for analysis.

A jar of Toroi, a each inoculum level, was removed from the refrigerator at the
following intervals, one week, two weeks, one month, two months and eight
months and the E. coli enumerated by the Most Probable Number (MPN) method

described in section 2.5.

4.2.2. Survival of E. coli NZRM 916 at refrigeration temperature

The ability of E. coli NZRM 916 to survive at refrigeration temperatures was a so
determined by inoculation of the suspension, prepared as described, above into
Peptone buffer. These buffer inoculated samples were also stored in screw-
capped jarsin arefrigerator and analysed at the following intervals; one week,

two weeks, three weeks, four weeks and six weeks.

4.3. Results

Each batch of Toroi was contaminated with alaboratory grown culture of E. coli
that was diluted to give two levels of contamination designated low and high. For
each batch the same overnight culture was diluted and used for the low and high
level. The number of E. coli in the ten overnight cultures was reasonably similar
(mean logy E. coli ml™ =8.491, sd = 0.171). The results obtained when the Toroi
was analysed immediately after the addition of the appropriately diluted E. coli
culture demonstrate the difficulty of obtaining a homogeneous mixture. For the
higher level contamination across all ten batches this variability was reasonably

low (mean logyo E. coli 100 g * (wet weight) Toroi = 4.683, sd = 0.294) but at the
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lower level of contamination this variability was greater (mean log;o E. coli 100 g

! (wet weight) Toroi = 1.655, sd = 0.498)

The recovery of E. coli from Toroi contaminated at the low and high level was

measured at intervals and the results are shown, without logarithmic

transformation, in Table 4.1. Asshown in Table 4.1 there were usually no E. coli

naturally present in the Toroi (on one occasion only, Batch 1, there were 8 E. coli

100 gh.
Natural
Batch E. coli Treatment Prep 1 week 2 . 2 8
100 g* day weeks | month | months | months
E. coli 100g*

1 8 Low 34 11 4 2 <2 <2
High 30,000 | 8,000 1,300 | 1,700 | 500 <2

2 <2 Low 80 11 4 <2 <2 <2
High 30,000 | 160,000 | 24,000 | 8,000 | 40 <2

3 <2 Low 8 30 13 2 <2 <2
High 160,000 | 1,300 2,200 | 900 3,000 <2

4 <2 Low 130 13 <2 2 <2 <2
High 90,000 | 2,400 3,000 |40 <2 <2

5 <2 Low 50 <2 <2 <2 <2 <2
High 30,000 | 900 3,000 | 2,400 110 <2

6 <2 Low 14 <2 11 <2 <2 <2
High 30,000 | 16,000 | 2,400 | 340 230 <2

7 <2 Low 9 2 4 <2 <2 <2
High 24,000 | 16,000 | 16,000 | 2400 230 <2

8 <2 Low 110 14 13 <2 <2 <2
High 90,000 | 8,000 2,400 | 1,700 | 400 <2

9 <2 Low 110 8 4 8 <2 <2
High 30,000 | 14,000 | 1,300 | 230 300 <2

10 <2 Low 170 <2 4 <2 <2 <2
High 90,000 | 13,000 | 5,000 | 3,000 1,100 <2

Table 4.1. Recovery of E. coli from Toroi contaminated at both low and high levels

with a laboratory grown culture (E. coli NZRM 916). Toroi was held at 4°C throughout the
8 month study period.
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To evaluate the survival of E. coli in the Toroi, statistical analysis was undertaken

for al 10 batches and the results are shown graphically by box plot. The survival

at alow doseis shown at Figure 4.1 and high dose in Figure 4.2.

Escherichia coli survival (low level inoculum)
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Figure 4.1. Boxplots summarising the survival of E. coli over 8 months at 4°C when Toroi
was contaminated at the low level. The box bounds the 25% to the 75%
confidence limits of the data and the central bar represents the medium. Box
extensions represents the 95% confidence limits and outliers beyond this are

represented as *.

Escherichia coli survival in Toroi (high level inoculum)
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Figure 4.2. Boxplots summarising the survival of E. coli over 8 months at 4°C when Toroi
was contaminated at the high level. The box bounds the 25% to the 75%
confidence limits of the data and the central bar represents the medium. Box
extensions represents the 95% confidence limits and outliers beyond this are

represented as *.

88




The variability between batches was high in the low level samples as
demonstrated by the length of the boxes. But thiswas not so pronounced for the
high level samples. Inthelow level samplesE. coli had declined below the limit
of detection after two months but in the high level samplesE. coli was still
recovered after two months. The overall trend was that E. coli declined steadily

over two months and that none were recoverable after eight months.

In addition, the survival of E. coli was compared on the basis of the plant material
type used asa Toroi ingredient. No difference was identified on this basis as

shown in Figure 4.3.
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Figure 4.3. Log,o Average of E. coli (high level) in 5 batches of Toroi containing
watercress and 5 batches containing puha as the plant material over 8 months at

4°C.
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The survival of E. coli NZRM 916 at refrigerated temperatures was al so assessed
by storage in 0.1% Peptone buffer. The survival rate in buffer was compared to
the average survival rate obtained over the 10 batches of Toroi and the results are
shown in Figure 4.4. The results of linear regression analysis demonstrated that
there was little difference in the inactivation rate of E. coli NZRM 916 in Peptone
buffer (y = -0.0363x) compared to that in Toroi

(y = -0.0394x), in spite of a higher level of inoculum being used for the Peptone
buffer experiment. However, there was more variability in recovery from
Peptone buffer (R? = 0.67%) than from Toroi (R?= 92%), which suggests that

Toroi provides a consistently favourable environment for E. coli.

9.00
8.00 —e— Toroi
a —aA— Peptone
S Linear (Toroi)
Linear (Peptone)
3 6.00 A
o
(0] .
(]
o y=-0.0363x+6.8067
< 400 S R?=0.6698
[@2]
S 3.00
2.00 y=-0.0394x + 43612 —2_
2 _
100 R“=0.9229
0.00 T T T T T T
0 10 20 30 40 50 60

Storage Time (Days)

Figure 4.4. The survival of E. coli NZRM 916 at 4 °C in 0.1% Peptone buffer (cfu mI™)
and in Toroi (cfu g'l)
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4.4. Discussion

The preparation of Toroi involved boiling the vegetable component for 30
minutes and mixing this with very lightly cooked chopped mussels. Boiling
would likely kill any naturally present E. coli on raw vegetables; however, asthe
mussels were only lightly cooked any naturally present E. coli might have
survived. Inthisstudy natural E. coli was only recovered from one of the ten
batches of uncontaminated Toroi and then in very low numbers. The absence of
E. cali in the uncontaminated Toroi demonstrates that the E. coli recovered from
the contaminated samples was the E. coli NZRM 916 that was added in the
laboratory. It might be thought that alaboratory-grown strain would not survive
aswell asa“wild” strain but the recovery of E. coli NZRM 916 for up to 2
months, from Toroi contaminated at a high level, demonstrates its suitability for

useinthissurviva study.

Five samples of Toroi were prepared using watercress and five using puha. There
was no significant difference in recovery of E. coli on the basis of plant material

demonstrating that survival was not affected by the choice of plant.

The number of E. coli added to the Toroi was reasonably similar between all ten
batches but there was more variability in the number of E. coli recovered from
batches contaminated at alow level. This differencein variability was statistically
significant (t = -16.55, p = 0.000, df = 14). Some of this variability is
undoubtedly due to the difficulty in mixing the E. coli evenly through the Toroi, a

difficulty that would be expected to be greater for alesser number of bacteria. In
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spite of the variability in recovery of E. coli from the Toroi at low level, the same

survival trend was shown as for the high level contamination.

The low level contamination more closely reflects the level of E. coli that would
be expected in Toroi prepared from mussels collected from a site with an
acceptable level of faecal contamination. The average numbers of E. coli in the
low level sampleswas 45 E. coli 100 g, which is less than the allowable level in
ready-to-eat food (< 3 g*i.e. < 300 E. coli 100 gram). The results demonstrate
that at the low level of contamination the E. coli had declined to barely detectable
levels by the end of the first month of storage, suggesting that refrigeration is an

important safeguard for Toroi.

At the high level of contamination E. coli was about 200-fold higher than the
level of acceptability for consumption. This contamination level was chosen to
clearly identify the rate of E. coli decline and would not reflect a contamination
level that would be acceptable for shellfish. It does however, demonstrate that if
grossly polluted mussels were used, refrigeration could not be relied on to bring

about sufficient declinein E. coli in 2 months.

92



Chapter 5

I nhibition of Listeria monocytogenes by Lactobacillus sake

Lb706in Toroi

5.1. Introduction

Mussels are widely used as an ingredient in Toroi and these shellfish have been
associated with the cold tolerant pathogen Listeria monocytogenes (Turner et al.,
2005; Bell and Kyriakides, 1998; Brett et al., 1998). The prolonged refrigerated
storage of Toroi providesideal conditions for L. monocytogenes to grow and attain
high concentrations and therefore high risk. Lactic Acid Bacteria produce arange
of bacteriocins (compounds produced by some species of bacteriathat are inhibitory
to other bacteria), some of which have been used successfully to prevent the growth
of L. monocytogenes at refrigerated temperatures (Schillinger and Lucke, 1989;
Schillinger et al., 2001; Lewus et al., 1991). For example, several investigators
(Choi and Beuchat, 1994; Cheigh and Park, 1994; Choi and Park, 1999) have
reported the antilisterial activity of different lactic acid bacteriain Kimchi (an Asian
fermented food product similar to Toroi). This chapter reports the results of an
investigation to determine whether Lactobacillus sake Lb706 could prevent the

growth of L. monocytogenesin Toroi.
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5.2. Methods

The effectiveness of L. sake Lb706 at inhibiting the growth of Listeria
monocytogenes was tested as a possible food safety intervention for Toroi.

Collection and preparation of Toroi is described in sections 2.1 and 2.2.

5.2.1. Bacterial strains

Two strains of L. monocytogenes were used: L. monocytogenes NZRM 44, a
reference strain commonly used in food safety studies and L. monocytogenes L 70,
an in-house strain (supplied by R. Clemens, AgResearch). A lactic acid bacterium
(LAB), Lactobacillus sake Lb706 that has known anti-bacterial activity against L.

monocytogenes was supplied by R. Jones, AgResearch.

Maintenance and enumeration of L. monocytogenes is described in sections 2.10
and 2.10.1. Recovery of L. monocytogenes after exposure to inhibitors was
assessed by the direct plate count method using MOX agar (Oxoid UK) as growth
medium. This was done by spreading aliquots of 0.1 ml to triplicate semi-dried

MOX agar plates. Inoculated plates were incubated at 37°C for 48 hours.

Growth and preparation of L. sake inoculawas donein liquid medium as described
in section 2.10.2. The number of L. sake Lb706 in the inoculum was enumerated by
the spread plate technique on plates of MRS agar (see Appendix 1) that were
incubated for 24 hours at 30°C in a microaerophilic atmosphere (CampyGen, Oxoid

UK).
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5.2.2. Detection of inhibition by L. sake
Detection of inhibition of L. monocytogenes by L. sake was identified by either
combination culture (Schillinger, 1994), or by the disc diffusion assay described

below.

Disc diffusion assay

For this assay the target (in this case L. monocytogenes, either NZRM 44 or L70)
and inhibitor organism (in this study L. sake Lb706) are grown simultaneously and
demonstration of antagonism depends upon the rel ease into the medium of a
diffusible inhibitor early in the growth phase of the test organism (De Vuyst et al,
1994). A freshly grown culture of L. monocytogenes (prepared as described in
Section 2.10) was spread over the entire surface of a Petri plate containing semi-
dried Plate Count Agar. 20 pl of afreshly grown culture of L. sake Lb706
(prepared as described in Section 2.10.2) was pipetted onto a6 mm disc of filter
paper and two discs were placed onto each inoculated plate. Plates were incubated
at 30°C in amicroaerophilic aamosphere (CampyGen, Oxoid UK) for 18 hours.
Inhibition was detected by measuring the diameter of the zone of clearing around
the 6mm disk (in mm), and subtracting 6mm from thisto allow for the diameter of
the paper disc. Inhibition zone measurements are reported as the average of the

measurements from the two discs on each plate.
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5.2.3. Inhibition of L. monocytogenes by L. sake Lb706 in a soluble matrix
Preliminary experiments were carried out to identify inhibition of L. monocytogenes
by L. sake Lb706 in a soluble matrix; brain heart infusion broth (BHI), prior to the
study of inhibition in Toroi. These preliminary experiments were designed to
determine an effective growth temperature to prepare an L. sake inoculum and to
determine the effectiveness of an inoculum grown under the best conditions against
different initial concentrations of L. monocytogenes cells. These experiments
consisted of:
(a) Determining the most suitable temperature for growing the L. sake inoculum
by:

= Growth of L. sake inoculum overnight at 25°C

= Growth of the L. sake inoculum overnight at 30°C
(b) Determining the effectiveness of inhibition of a specified inoculum of L. sake
against different initial concentrations of L. monocytogenes by:

= Addition of L. sake to 10° L. monocytogenes cells ml™ BHI

= Addition of L. sake to 10* L. monocytogenes cells ml™ BHI

Inhibition was determined using the disc diffusion assay (as described above) and
also by the combined culture technique (in which the target L. monocytogenes strain
and the inhibitor producing L. sake were inocul ated together into atest medium and

incubated under the conditions required for a particular experiment).

For the combined culture method the L. sake inoculum used was 200 pl of the

overnight broth culture (expected number of cells~107). Theinoculum for the L.
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monocytogenes test strains was also an aliquot of an overnight broth culture, diluted
to obtain the required number of cells; 10°and 10°. Thiswas achieved by diluting
the overnight culture to the required level and adding 1 ml of the appropriate
dilution. The actual number of cellsin the inoculum, both L. sake and the two L.

monocytogenes strains was determined by spread plating as described above.

Both L. monocytogenes and L. sake were added to %2 strength BHI broth (a medium
that supported the growth of both of the target and inhibitor organisms; R. Jones,
AgResearch pers. comm.) and the “combined cultures’ transferred to arefrigerator
at 4°C and examined periodically over a storage interval of 15 days with survival of
L. monocytogenes determined by spread-plating aliquots to triplicate MOX plates

for each dilution (as described above).

The procedure for the combined culture study is summarised diagrammatically in
Figure5.1
= Seriesa= L. monocytogenes NZRM 44

=  Seriesb = L. monocytogenes L70
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Series a: L. monocytogenes NZRM 44
10° 10*

Seriesb: L. monocytogenes L70
10° 10*

Figure 5.1. Diagram summarising a combined culture study undertaken to evaluate the
effectiveness of L. sake against two different strains of L. monocytogenes used at
two different initial concentrations, 10° cells and 10* cells when incubated at 4 °C
for up to 15 days. For all treatments L. sake inoculum was 200 pl (~10° cells) of
an (undiluted) overnight culture.

5.2.4. Inhibition of L. monocytogenes by L. sake Lb706 in Toroi

Inhibition of L. monocytogenes by L. sakein Toroi was investigated using L.
monocytogenes L 70, the more susceptible of the two test strains. As done for the
preliminary experiments; L. monocytogenes L 70 cells (obtained from appropriate
dilutions of an overnight broth culture (section 5.2.3.) were inoculated into Toroi at

two initial levels (10? and 10” cells).

In addition, the effectiveness of L. sake inocula containing different numbers of L.
sake cells; designated higher (1 ml of an overnight culture — expected to contain 10
cells) and lower (200 pl of an overnight culture — expected to contain 10 cells) was
evaluated. The L. sake inoculum was prepared by growing L. sake Lb706 on MRS

broth in a microaerophilic atmosphere (CampyGen, Oxoid UK) overnight at 30°C.
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Three sets of Toroi tubes were prepared and designated: Series A, B or C:

= SeriesA - NoL. sake added

= SeriesB (lower) - 200 pl L. sake added

=  SeriesC (higher) —1 ml L. sake added
For each seriesapair of Universals was inoculated with L. monocytogenes L70 at
either 10° or 10* cells (i.e. 4 Universals per series) as summarised diagrammatically

in Figure 5.2.

The number of cellsin the inoculawas determined by spread plating (as described

above).

Series A: Control (no L. sake added)
L. monocytogenes cell number 10> 10

Series B: Lower L. sake inoculum (200 pl)
L. monocytogenes cell number 10> 10

SeriesC: Higher L. sake inoculum (1 ml)
L. monocytogenes cell number 10> 10

Figure 5.2. Diagram showing three series of combined culture studies to determine the
effectiveness of inhibition of L. monocytogenes L70 by L. sake Lb706. All inocula
were from overnight broth cultures. The L. monocytogenes cultures were diluted
appropriately to achieve 10% or 10° cells. The lower L. sake inoculum was addition
of 200 pl of an overnight broth culture (~10" cells) and the higher inoculum was an
addition of 1 ml of an overnight broth culture (~10° cells).
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To enable even distribution of the inoculated cells throughout the Toroi, equal
quantities of ¥% strength BHI broth and pureed Toroi were very thoroughly mixed
prior to inoculation. This“diluted” Toroi mixture was added as 20 ml aiquotsto
sterile Universal bottles and 1 ml of the required initial concentration of L.
monocytogenes L 70 added together with the required amount of L. sake. The
contents of inoculated Universals were thoroughly mixed and then transferred to a
refrigerator at 4°C and stored for up to 26 days with survival of L. monocytogenes
determined by spread-plating aliquots to triplicate MOX plates for each dilution (as

described above).

5.3. Results

When the L. sake inoculum was grown at 25°C the overnight broth culture
contained 5.6 x 10% cells ml™ and when it was grown at 30°C the overnight broth
culture contained 4.6 x 10° cells ml™ demonstrating the ability of this bacterium to
grow equally well at both temperatures. However, the results of the preliminary
experiments demonstrated that the ability of L. sake to inhibit L. monocytogenes

was strongly influenced by the temperature at which the inoculum was grown.

Asthe results of the preliminary experiments demonstrated, when the L. sake
inoculum was grown at 25°C there was little or no inhibition of either L.
monocytogenes L 70 or L. monocytogenes NZRM 44. However, when the L. sake
inoculum was grown at 30°C there was strong inhibition of L. monocytogenes L70

and detectable inhibition of L. monocytogenes NZRM 44. Thisfinding was
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confirmed by both disc diffusion assay and combined culture as demonstrated by

the results presented in Tables 5.1.

To illustrate the effectiveness of growing the L. sake inoculum at 30°C the results
are also given diagrammatically in Figure 5.3 (NZRM 44) and Figure 5.4 (L70).
These two figures describe the results obtained when L. sake inocula grown at
either 25°C or 30°C were inoculated into BHI containing 10* L .monocytogenes

cells. These figures also show the greater susceptibility of the L70 strain.

Inhibition zones (mm)

L. monocytogenes NZRM
30°C L. monocytogenes L70 44
Disk 1 Disk 2 Disk 1 Disk 2
24 24 11 11
25 25 12 18
24.5 24.5 115 14.5
6mm subtracted
(paper disk
diam.) —6 —6 —6 —6
Average 18.5 7
L. monocytogenes NZRM
25°C L. monocytogenes L70 44
Disk 1 Disk 2 Disk 1 Disk 2
7 7 6 6
7 7 6 6
6.5 7 6 6
6mm subtracted
(paper disk —6 —6 —6 —6
Average 1 0

Table 5.1. Inhibition of L. monocytogenes NZRM 44 and L. monocytogenes L70 by an L.
sake Lb706 inoculum grown at either 25°C and 30°C as determined by disc
diffusion assay.
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Figure 5.3. Inhibition of L. monocytogenes NZRM 44 when an initial concentration of 10*
cells was exposed to 200l of L. sake Lb706 inoculum grown at 30°C or 25°C. The
combined cultures were held at 4°C in % strength BHI broth for up to 15 days.

Note. No values are given at 25°C after 4 days as there were too many colonies to count
on plates (TNTC).
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Figure 5.4. Inhibition of L. monocytogenes L70 when an initial concentration of 10 cells
was exposed to 200 ul of L. sake Lb706 inoculum grown at 30°C or 25°C. The
combined cultures were held at 4°C in % strength BHI broth for up to 15 days

Note. No values are given at 25°C for day 15 there were too many colonies to count on
plates (TNTC).
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Asshown in Table 5.2 the inhibition of both strains of L. monocytogenes was much
greater when theinitial inoculum was only 10 cells than when it was 10* cells. As
well as shown diagrammatically in Figure 5.5, when the two strains were compared

for susceptibility to L. sake the inhibition of L70 was much greater than that of

NZRM 44.

L. sake Lb706 inoculum grown at 30°C

L. monocytogenes NZRM 44 L. monocytogenes L70

N;a; eeé's 9.8x10° | 980 N;ageegs 1.7x10*| 170
~ Days Concentraion ~ Days Concentraion
incubated Lod. cfu ml - incubated Loa. cfu ml
@40C glO @400 glO
1 3.54 2.54 1 1.92 0.00
4 3.11 1.37 4 0.82 0.00
11 2.63 0.00 11 0.00 0.00
13 2.68 0.00 13 0.56 0.00
15 1.78 0.00 15 0.00 0.00

L. sake Lb706 inoc

ulum grown at 25°C

L. monocytogenes NZRM 44

L. monocytogenes L70

No.cel | 2ox10t| 203 | Mo |oixi0t| 210
~ Days Concentraion ~ Days Concentraion
incubated Lod. cfu ml incubated Loa. cfu ml
@4°C Jio @4°C J10
1 4.23 2.78 1 4.32 2.18
4 5.48 3.48 4 4.43 3.12
7 TNTC TNTC 7 5.12 3.70
9 TNTC TNTC 9 5.70 TNTC
15 TNTC TNTC 15 TNTC TNTC

Table 5.2. Two levels of L. monocytogenes (NZRM 44 and L70) were combined with 200
pl of L. sake Lb706 inoculum grown at either 30°C and 25°C and the combined
cultures grown incubated in %2 strength BHI broth at 4°C for up to 15 days (TNTC
>L0g; 10.48 ml™)
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Figure 5.5. Inhibition of L. monocytogenes (NZRM 44and L70 with initial target
concentrations of Logjo 4) by 200 pl L. sake 706 (108 cfu ml'l) in ¥ strength BHI
broth at 4°C.

The results of the preliminary studies showed that it was necessary to grow the L.

sake inoculum at 30°C.

It was decided to use only the wild strain, L. monocytogenes L 70, in the Toroi study
and to add this strain to Toroi at initial concentrations of 10?and 10°, the former
being considered more likely to occur naturally, the latter being more likely to

illustrate survival trends.

5.3.1. Inhibition of L. monocytogenes L 70 by L. sake Lb706 in Toroi
The L. monocytogenes culture that was grown for addition to the Toroi contained
3.6 x 10° cellsml™ (i.e. the actual number in the 10* target was 3.6 x 10° cells and

in the 10* target was 3.6 x 10%) The measured number of cellsin the “lower” level
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L. sake (Series B: 200 pl added) was 1 x 10%cellsand in the “higher” level (Series

C: 1 ml added) was 5.1 x 10% cells.

The recovery of L. monocytogenes L 70 over the 19 day storage from each of the
series, A (no L. sake added) B (lower dose of L. sake) and C ( higher dose of L.
sake), for both initial numbers of L. monocytogenes (Logo cfu mi™ Toroi) is
summarised in Table 5.3 and shown diagrammatically in Figure 5.7. The degree of
inhibition was dependant on the amount of L. sake added to the Toroi. Without L.
sake added, L. monocytogenes grew about 7-fold within 19 days of storage at 4°C

(Figures 5.6 and 5.7).

As shown, the addition of 1 x 10° cells from an overnight culture of L. sake to the
Listeria contaminated Toroi had no inhibitory effect, irrespective of the initial
number of L. monocytogenes cells present. The viable counts of L. monocytogenes
were similar to thosein Toroi to which no L. sake was added. However, addition of
5 x 10° cells from an overnight culture of L. sake Lb706, which was an increasein
L. sake inoculum of a half-log, effectively decreased L. monocytogenes L70 at both
initial cell inoculum levelstested. The rates of decrease were similar (compare
Figure 5.6 and 5.7 for series C) and L. monocytogenes was no longer detectable
(<10 cfu %), or barely detectable (10 cells) after 12 days. The results of this study
show that at least 5 x 10° cells of L. sake Lb706 are required for an effective

elimination of L. monocytogenes L70 from Toroi.
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Series A:
L. monocytogenes L70 Control

(no L. sake added) Log,, cfu g™

No. cells added | 3.9 x 10 396
Days incubated Concentration
@ 4°C Log,, cfu / ml
2 4.08 2.23
7 5.27 3.28
12 9.40 5.41
19 11.69 6.69
Series B:
Low L. sake inoculum
Logy, cfu g™
No. cells added | 3.9 x 10* 396
Days incubated Concentration
@ 4°C Log;, cfu ml™
2 4.43 1.88
7 5.12 3.13
12 8.56 4.84
19 10.97 6.43
Series C:
High L. sake inoculum
Logy, cfu gt
No. cells added | 3.9 x 10 396
Days incubated Concentration
@ 4°C Log,o cfu m™
2 2.81 1.30
7 0.70 0.00
12 1.00 0.00
19 0.00 0.00

Table 5.3. Two levels of L. monocytogenes L70 were combined with two levels of L. sake
inoculum grown at 30°C and the combined cultures grown incubated in Toroi and
% strength BHI broth at 4°C for up to 19 days. Note: because 1 ml of each dilution
of L. monocytogenes was added, the initial day is a number of cells; not a
concentration.
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Figure 5.6. Series of L. sake added to Toroi with L. monocytogenes L70 (initial count of ~
Logso 2) stored at 4°C up to 19 days. Series A: Control series containing no L.
sake; Series B: diluted L. sake series; Series C: 1 mL L. sake series.
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Figure 5.7. Series of L. sake added to Toroi with L. monocytogenes L70 (initial count of ~
Logyo 4) stored at 4°C up to 19 days. Series A: Control series containing no L.
sake; Series B: diluted L. sake series; Series C: 1 mL L. sake series.
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5.4. Discussion

This study demonstrated that L. monocytogenes L70 grew well in Toroi at 4°C.
Without L. sake added, L. monocytogenes grew about 7-fold within 19 days of
storage at 4°C. Inhibition of L. monocytogenes by Lactobacillus sake Lb706 in
Toroi stored at 4°C was observed. L. sake Lb706 was able to suppress
multiplication of L. monocytogenesin Toroi. These results have demonstrated that
this strain of L. sake had an anti-listerial effect on the two strains of L.
monocytogenes (NZRM 44 and L 70) which demonstrated that the bacteriocin that
L. sake Lb706 contains, reported to be sakacin A (Schillinger, 1994; Chen and
Hoover, 2003; Dzung et al., 2000) was an effective inhibitor of L. monocytogenes at
4°C. These results have demonstrated that multiplication of L. monocytogenes L70
in Toroi was prevented by the addition of higher amounts of L. sake Lb706.
Schillinger (1994) reported an addition of L. sake at a1:1 ratio in MRS broth
resulted in a decrease of Listeria viable counts after 5 days at 6°C. At aratio of
1:100, fewer than 1000 Listeria organisms were detected ml™ after 5 days. Thus,

relatively high cell numbers are required for an effective elimination of Listeria.

Other workers have demonstrated that among Listeria monocytogenes strains there
were differences in the susceptibility of L. monocytogenes to bacteriocins produced
by L. sake Lb706 (designated sakacin A), and have reported that some strains of L.
monocytogenes were more sensitive than others (Katla et al., 2003; Schillinger,
1994). Inthis study, L. monocytogenes L 70 was found to be more sensitive than L.

monocytogenes NZRM 44.

108



This experiment has also shown that the anti-listerial properties of L. sake706 are
temperature-sensitive, demonstrating that the anti-listerial effect of L. sake Lb706
was optimal when grown at 30°C. Dzung et al. (2000) reported that L. sake Lb706
produced bacteriocin when the growth temperature was kept at 25°C or 30°C, but
production was reduced or absent at higher temperatures (33.5 — 35°C). These
results have demonstrated that when L. sake Lb706 inoculum was grown at 25°C,
there was little or no anti-listerial effect on the two strains of L. monocytogenes

(NZRM 44 and L70) at 4°C,
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Chapter 6

I nhibition of Listeria with commercial nisin in Toroi

6.1. Introduction

Nisin is abacteriocin of the lantibiotic type produced by certain strains of Lactic
Acid Bacteria belonging to the genus Lactococcus. Nisin is a polypeptide
(composed of 34 amino acids; Pongtharangkul and Demirci, 2004) with a
bacteriocidal activity (Flores et al. 2003) due to its action on the cytoplasmic
membrane of sensitive cells, particularly Listeria monocytogenes. Nisin forms pores
in the membrane of sensitive cellsthat lead to dissipation of the membrane and

collapse of the proton motive force.

The bacteriocidal effect of nisin has been exploited in its use as afood preservative.
Nisin isthe most commercially important bacteriocin and has arelatively long
history of safe use (Chen and Hoover, 2003) and is currently approved as a food
preservative in approximately 50 countries (Delves-Broughton et al. 1996).
Biopreservation through the use of bacteriocinslike nisin is an aternative to

“chemical” preservatives, and as a natural product may be acceptable to Maori.

The antagonistic effects of nisin against Listeria monocytogenes was investigated in
this study. Inhibition by nisin was tested against two strains of L. monocytogenes,
L70 and NZRM 44; that were used to determine the effectiveness of Lactobacillus
sake. This chapter reports studies to investigate nisin effectiveness both in the

absence and in the presence of Toroi.
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6.2. Methods

Collection and preparation of Toroi is described in sections 2.1 and 2.2.
Maintenance and enumeration of L. monocytogenes is described in sections 2.10

and 2.10.1.

6.2.1 Preparation of nisin

A commercia preparation of nisin (2.5% nisin concentration balanced with sodium
chloride and denatured milk solids) was obtained from the Sigma Chemical Co.

For each experiment, a fresh stock solution of nisin was prepared by mixing 1 g of
thisnisin with 10 ml 0.2 M HCL and stirring until dissolved. The stock solution

was serialy diluted in sterile distilled water.

6.2.2. Determination of inhibition of L. monocytogenes by commercial nisin
Two strains of L. monocytogenes were used to determine inhibition by nisin: L.
monocytogenes. NZRM 44 and L. monocytogenes L70. For use these cultures were

prepared as described in section 2.10.

Prior to investigating the effectiveness of nisin as an inhibitor of L. monocytogenes
in Toroi; apreliminary experiment was carried out in %2 strength BHI medium in
which the test strain and the inhibitor compound could be thoroughly and easily

mixed.
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Preliminary Experiment

Universal bottles containing 10 ml of ¥ strength BHI broth were inoculated with L.
monocytogenes, either NZRM 44 or L70 (atotal of 12 bottles for each strain) at a
target concentration of approximately 10°cells. Duplicate Universals for each of
the 2 strains received 1 ml of nisin solution, diluted as required to give final
concentrations as follows: 10 mg, 1 mg, 100 pug, 10 pg and 1 pg nisin mi™. One
pair of Universalsfor each strain received 1 ml of sterile distilled water (i.e. minus-
nisin control). The contents were thoroughly mixed and the Universals transferred
to arefrigerator at 4°C until required. L. monocytogenes was enumerated at the

following times: 30 minutes after addition of nisin and after 6, 24, 48, and 72 hours.

6.2.3 Determination of the effectiveness of nisin in Toroi
In this experiment the ability of nisin to inhibit Listeria in Toroi was investigated
using L. monocytogenes L 70 as the test strain. Universal bottles containing 10 g
pureed Toroi were inoculated with L. monocytogenes L70 at atarget of
approximately 10° cells. Four series (A, B, C, D) of inoculated Universals were set
up so that duplicate Universals could be analysed for each treatment at each time
interval. Nisin was added from the stock solution to achieve the following final
concentrations of nisin m* in the Toroi:

=  SeriesA —1ml of sterile distilled water (i.e no nisin added)

e SeriesB—-10mgnisin

e SeriesC—-1mgnisin

e SeriesD — 100 pgnisin
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The contents of each Universal were thoroughly mixed prior to transfer to a
refrigerator. Analysiswas carried out at the following times: 30 minutes, 6 hours,

24 hours 48 hours, and 72 hours after transfer to the refrigerator.

Data reporting
1. Unless otherwise stated the results for L. monocytogenes recovery are expressed

as Logso L. monocytogenes cfu mi™ for BHI medium and g* (wet weight) for Toroi.

2. Theresultsfor nisin inhibition are given in the results section in terms of the
amount of nisin added to each 10 ml aliquot of either BHI or Toroi (rather than the

final concentration).

6.3. Results

6.3.1. Inhibition of L. monocytogenes by nisin in brain heart medium
Two experiments were carried out to determine the amount of nisin required to

inhibit L. monocytogenes in amatrix of brain heart infusion broth.

In experiment 1 (which was carried out in %2 strength BHI broth stored at 4°C), in
the absence of nisin, both test strains of L. monocytogenes increased in
concentration by at least 0.5 Logsp over 72 hours as shown in Table 6.1 and Figures
6.1 and 6.2. For L. monocytogenes L 70 this increase was from Logso 2.26 cfu ml™

to Logio 3.40 after 72 hours (Figure 6.1) and for L. monocytogenes NZRM 44
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(Figure 6.2) the increase was from an initial count of Logo 2.69 to 3.07 after 72

hours.

Addition of nisin resulted in different responses from the two test strainswith L.
monocytogenes L 70 more susceptible than NZRM 44. For L. monocytogenes L70
there was effective inhibition in the presence of 1 mg ml™ or more of nisin but for
L. monocytogenes NZRM 44 there was no inhibition at levels of less than

10 mg mi™* of nisin. Overall, if inhibition occurred evidence was seen in samples
analysed 30 mintues after nisin addition. For those samples in which there was no
evidence of inhibition after 30 minutes, L. monocytogenes recoveries were similar
to those for the minus-nisin control. These results demonstrate that storage at 4°C

for up to 72 h did not increase inhibition above the response seen after 30 minutes.

L. monocytogenes L 70
Log;o CFU ml™
Storage Interval . .
Control Concentration of nisin (per ml)
L. mono
only 10 mg 1mg 100 ug 10 g 1 ug
1/2 hr 2.26 0.00 0.00 2.46 2.40 2.49
6 hrs 2.43 0.00 0.78 2.16 2.24 2.29
24 hrs 2.63 0.00 0.00 2.18 2.31 2.35
48 hrs 2.82 0.00 0.00 2.47 2.58 2.52
72 hrs 3.40 0.00 0.00 2.97 3.29 3.22
Storage Control L. monocytogenes NZRM 44
L. mono -1
Interval Log,o CFU ml
only

1/2 hr 2.69 0.00 2.59 2.44 2.67 1.79
6 hrs 2.68 0.00 2.90 2.33 2.81 2.77
24 hrs 3.01 0.00 2.97 2.41 2.97 3.03
48 hrs 3.04 0.00 3.09 2.51 2.96 3.06
72 hrs 3.07 0.00 3.22 2.62 2.97 3.09

Table 6.1. The recovery of L. monocytogenes L70 and NZRM 44 from BHI broth after
addition of nisin at a range of concentrations and storage at 4°C for up to 72 h.
Data are the average of 2 results for each strain at each time interval
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Figure 6.1. Recovery of L.monocytogenes L 70 in the presence of varying concentrations
of nisin after storage at 4°C for up to 72 h. Each data point is the average of 2 samples
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Figure 6.2. Recovery of L.monocytogenes NZRM 44 in the presence of varying
concentrations of nisin after storage at 4°C for up to 72 h. Each data point is the average of
2 samples
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6.3.2. Inhibition of Listeria monocytogenes by nisin in Toroi

The effectiveness of nisin as an inhibitor of L. monocytogenes L70 in Toroi is
summarised in Table 6.2 and shown diagrammatically in Figures 6.3. In contrast to
the preliminary experiment in BHI it was found when nisin was present in a
concentration of 1 mg ml™ there was no significant inhibition. At aten-fold higher
concentration, 10 mg of nisin ml™, the growth of L. monocytogenes was suppressed
but inhibition was not complete. Asshown in Figure 6.3 the inhibitory effect of 10
mg nisin ml™ was evident 30 minutes after the addition of nisin; a pattern that was

also evident in the preliminary experiment in BHI; but in contrast to BHI, after 72 h

the concentration of Listeria had started to increase.

L. monocytogenes L70
Log;, CFU g™ (wet weight)

Control Concentration of nisin (per ml)

L. mono

only

10 mg 1mg 100 pg
1/2 hr 291 2.17 2.69 2.79
6 hrs 2.84 1.89 2.65 2.68
24 hrs 2.86 1.95 2.68 2.75
48 hrs 3.09 191 2.82 2.92
72 hrs 3.46 2.32 3.16 3.24

Table 6.2. Recovery of L. monocytogenes L70 from Toroi in the presence of a range of
nisin concentrations. Measurements were made in samples stored at 4°C for up to
72 h. Data are the average of results obtained from 2 samples for each treatment

at each time interval
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Figure 6.3. Antagonistic effects of diluted nisin against L. monocytogenes L70 in Toroi
sample A

6.4. Discussion

Results obtained from a simple soluble matrix, brain heart infusion broth,
demonstrated aten-fold difference in susceptibility to nisin for the two test strains
of L. monocytogenes, L70 and NZRM 44. The more susceptible strain, L70, was
added to Toroi and it was found that the nisin concentration that effectively
inhibited this strain in brain heart broth had no significant effect in Toroi.
Suppression of growth at 4°C was evident in the presence of 10 mg ml™ nisin but
inhibition was not complete. After 72 h storage at 4°C L70 had again started to

grow.

Toroi is aparticulate matrix and clearly reduced the effectiveness of nisin

inhibition. Schillinger et al. (1991) suggested that bacteriocins, such as nisin, may
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be absorbed to food and fat particles and then be inactivated. In addition diffusion
of nisin may be limited in Toroi compared to that in aliquid medium. Nisinisan
ionophore and disruption of membrane permeability depends on contact between
the inhibitor and the cell wall of the target bacteria. Budde and Jakobsen (2000)
suggested that the reason that nisin is more inhibitory in a soluble system thanin a
solid and semi-solid system is due to “ barrier effects’ in a non-soluble system. The
physical barrier of food (in this case Toroi) particles and slow diffusion through the
food combined with the steric hindrance of the nisin molecules for attacking the
cells may, therefore, explain the higher nisin concentration required in foods
(Budde and Jakobsen, 2000). Similarly, Scott and Taylor (1981) reported that nisin
was much less effective in cooked meat medium containing meat particles, than in
brain heart infusion broth and suggest that nisin binds to meat particles. Schillinger
et al. (1991) discussed another problem which isthe loss of activity of the
bacteriocin after acertain time. Inthe Toroi in this study, after 72 hours there was
evidence of growth of L. monocytogenes L70 in the presence of 10 mg mi™ nisin, an
amount that had suppressed growth over the previous 48 h. Muriana (1996)
suggested that immediate reduction of target cell populations by 1 to 3 logs upon
addition of bacteriocin followed by resumption of growth after storage, could arise
when an insufficient quantity of bacteriocin was added to interact with al target

cells.

Nisin iswidely accepted as a safe food preservative (Riley and Wertz, 2002).
Spoilage bacteriainclude a range of bacteriaincluding spore formers but not
pathogens such as Listeria monocytogenes. Raju et al. (2003) report a 5-fold

increase in refrigerated shelf life for fish sausage treated with nisin at 50 pg g*. In
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this study L. monocytogenes was suppressed at a nisin concentration of 10 mg g™

but not at a concentration of 1 mg g™

The manufacturer of the preparation of nisin used in this study provided
information that their product had an activity of > 1 x 10°IU g™*. In this study the
presence of 1 x 10* IU ml™ nisin was demonstrated to be insufficient for complete
inhibition of L. monocytogenes L70in Toroi. Preliminary investigationsin brain
heart infusion demonstrated that L 70, awild type strain, was more susceptible than
the food safety reference strain L. monocytogenes NZRM 44. Dykes and
Moorhead (2002) evaluated inhibition of Listeria monocytogenes by nisin on beef
and reported that the presence of 5 x 10° IU mi™*, an amount that would be
acceptable for addition to afood product, was insufficient to cause inhibition. Itis
likely that the amount of nisin that would be needed to be added to Toroi to inhibit a
range of Listeria monocytogenes strains would be unacceptable to consumers,

especialy Maori.
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Chapter 7

Discussion and Conclusion

Toroi isadelicacy food prepared by a method popularly known as “boil-up”
amongst Maori. In thisstudy, Toroi was prepared using a procedure that |
learned in discussions with senior members of iwi groups to be widely used in
the Waikato region. The research of Whyte et al. (2201) and Hudson €t al.
(2001) also identified that this method was followed by South Island hapu of
Nga Tahu. Toroi ingredients often include marine mussels and puha or
watercress. Thefirst step in Toroi preparation isto boil the puha or watercress.
The mussels are steamed (to open their shells), the flesh removed, chopped and
added to the cooked vegetable component; the resulting mixture is then packed
into screw-top jars and stored in arefrigerator for severa weeksto allow low-

temperature fermentation to occur before the Toroi is eaten.

From amicrobiological point of view, boiling of the puha or watercress for 30
minutesislikely to inactivate bacterial cells but not spores. In this study, the
mussel s used to prepare the Toroi were purchased from aretail outlet and
therefore conformed to New Zealand food standards so there was little of
contamination with microorganism of health concern. In practice, Maori often
prepare Toroi from mussels harvested from the wild and these may not meet
approved standards. The investigations of Toroi described in this study were
based on the general New Zealand requirements to ensure food safety of ready-

to-eat foods.
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Only one of the seven pathogens sought in this study was detected in any of the
10 batches of Toroi. Thiswas Bacillus cereus. However, on one occasion a
species of Vibrio was isolated and identified as Vibrio alginolyticus. This
species of Vibrio is not afood-borne pathogen, but it has been found on seaweed
and has been associated with infection of open wounds (Opal and Saxon, 1986;
Gomez et al., 2003). Commercialy produced mussels have been associated
with listeriosis (Turner et al., 2005) and a Listeria species, L. ivanovii, was
isolated from two batches of Toroi after twelve months storage but thisis anon-
pathogeni c species, however its appearance after prolonged storage
demonstrates the ability of Listeria speciesto survivein Toroi during extended

refrigeration.

Faecal indicator bacteria, such as Escherichia coli are used to indicate the
microbiological quality of shellfish. Inthisstudy, E. coli were recovered
sporadically in very low numbers, as the plant material was boiled for 30
minutes these E. coli would have been sourced from the mussel component.
The New Zealand sanitation programme requirements for shellfish exported or
sold at retail outlets are <230 E. coli 100 g. In this study recovery was at least
10-fold less than this level indicating that the Toroi in this study met the

guidelines for ready-to-eat foods (<3 g™) for this indicator.

The only pathogen sought that was regularly recovered from the ten batches of

Toroi was Bacillus cereus. Toxins produced by some strains of B. cereus can

cause harm to humans. Bacillus cereus concentration limits are imposed to
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avoid sufficient numbers of bacteria being present that could produce atoxin at
levels sufficient to cause food-poisoning. Bacillus cereus was recovered from
all batches analysed. Thisisaconcern and careis needed in preparation to
prevent their bacterial concentration reaching levels at which toxin production
could be of concern. On one occasion, when the vegetable component of the
Toroi had had a prolonged cooling period at room temperature, B. cereus
numbers were only ten-fold less than the concentration at which harmful
amounts of toxin could be produced. These results demonstrate that it is
extremely important for the vegetable component, the presumed source B.
cereus and/or the Toroi itself to be cooled quickly and refrigeration temperatures
established as soon as possible after preparation. After two weeks of
refrigeration, B. cereus was no longer recovered from any of the batch. This
was presumed due to the effectiveness of cold-temperature fermentation on the
survival of B. cereus, possibly due to the growth of competing and/or inhibitory

species of bacteria derived from the mussels.

To determine the ability of the faecal indicator bacterium E. coli to survive
during Toroi storage, alaboratory grown strain was added and its survival
mapped over eight months. Although concentrations of E. coli declined
substantially over 2 months but the bacteria could still be recovered. A high
level of contamination (of 10* B. cereus mi™) was chosen to clearly identify the
rate of E. coli decline and although it would be hoped that mussels with this
level of E. coli would not be used in practice. The findings demonstrated that if
faecally polluted mussels were used, refrigeration could not be relied on to bring

about sufficient declinein E. coli in two months. Cheigh and Park (1994)
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reported similar results when E. coli that was experimentally added to Kimchi, a
lactic-acid fermented vegetable product originating from Korea, containing
pickled or unpickled seafood (with 5% salt concentration) and fermented at 5°C
from Kimchi. Escherichia coli were not inactivated completely, but had
declined to very low levels by the end of athree to six month fermentation

period (Cheigh and Park, 1994).

When |aboratory grown strains of Listeria monocytogenes were added to Toroi,
they were able to grow well, as the concentration increased about seven-fold,
over 19 daysat 4°C. The known association of L. monocytogenes with
shellfish, and the extended storage of Toroi at refrigerated temperatures,
provides conditions that could produce a“high risk” food product. Two

strategies to prevent the growth of L. monocytogenes were investigated.

Firstly, a species of lactic acid bacteria known to produce an antilisterial
bacteriocin; Lactobacillus sake Lb706 was added in combined culture with L.
monocytogenesto Toroi. It was found that arelatively high number of cells of
L. sake Lb706 (at least 5 x 10° cells) were required for an effective inoculum to
ensure elimination of L. monocytogenes L70 from Toroi. Itisunlikely that this

level of inoculum would be acceptable in practice.

In addition, a purified bacteriocin; nisin, awidely accepted safe food
preservative (Riley and Wertz, 2002), was tested for its ability to suppress L.
monocytogenes. It was found that to suppress L. monocytogenes growth in

Toroi the concentration of nisin required was 10 mg g and there was no
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evidence of suppression at 1 mg g*. Muriana (1996) reported that an immediate
reduction of target cell populations by 1 to 3 logs upon addition of bacteriocin
that was followed by resumption of growth after storage, was evidence that
insufficient bacteriocin had been added to interact with all target cells. Toroi is
a particulate matrix and clearly reduced the effectiveness of nisin inhibition.
Nisin is an ionophore and disruption of membrane permeability requires contact

between the inhibitor and the cell wall of the target bacteria.

The results of this study demonstrated that inhibition of L. monocytogenesin
Toroi would require large amounts of inhibitor. It islikely that the amount of L.
sake or purified bacteriocin such as nisin to be added to Toroi that would be
needed to inhibit L. monocytogenes would be unacceptable to consumers

especially to Maori who dislike non-natural.

The recovery of L. ivanovii in Toroi in this study demonstrated that cold-
temperature fermentation did not lower the pH sufficiently to completely inhibit
Listeria speciesin Toroi. Hudson et al. (2001) and Whyte et al. (2001)
suggested that Toroi may be safer with respect to Listeria by allowing the lactic
acid fermentation to proceed at ambient temperatures for the first 48 hours
before transferring to chilled conditions for storage. This regime has been
shown to be effective for inhibiting L. monocytogenesin Kimchi (Leeet al.,
1995). However, as results have demonstrated that B. cereus increased to an
unsatisfactory level at room temperature and B. cereus were constantly present,

immediate refrigeration may be preferable.

124



Asaresult of my study, | recommend that when people plan to prepare Toroi
that raw in-the-shell mussels be purchased from aretail outlet unless a
harvesting source is regularly monitored and is known to be free from
contamination. Asthe only known outbreak of botulism was associated with
Toroi prepared from cooked musselsit is recommended that the mussels are
only lightly steamed to maintain a general bacterial microflorawhich will be
capable of fermentation. | also recommend that the method of Toroi prepared in
this study, that the vegetable component and the Toroi itself should be chilled
promptly and thoroughly and allowed to ferment for at least two weeks. Asa
precaution | also recommend that care is taken to maintain Toroi at chilled

temperatures (<5°C) until it is actually eaten.
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A.Appendix 1

Media Composition

Difco™ Lauryl Tryptose Broth

Approximate Formula* L™

TIYPLOSE ... 20.0¢g
LACIOSE ... 509
Dipotassium Phosphate ..........cccoverieneeneeie e 2759
Monopotassium Phosphate ..........cccveeveneenceninnene 2759
Sodium Chloride .......ccooveiiiierieeeee e 509
Sodium Lauryl Sulfate ........ccooceveeiineneeeneeeee 01g

Directionsfor Preparation from Dehydrated Product

1. Suspend 35.6 g of the powder in 1 L of purified water. Mix thoroughly.

2. Warm dlightly to completely dissolve the powder.

3. Dispense required amounts into tubes containing inverted fermentation vials.
4. Autoclave at 121°C for 15 minutes. Cool the broth as quickly as possible.

5. Test samples of the finished product for performance using stable, typical

control cultures.

Difco™ EC Medium

Approximate Formula* L™

TIYPLOSE ...t 200g
LACIOSE ...t 5049
Bile SAltSNO. 3 ... 15¢
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Dipotassium Phosphate ...........ccoveeeneenenie e 409

Monopotassium Phosphate ..........ccccveeveneenenieniene 15¢g

Sodium Chloride .......ccooveiiiierieeeee e 509

Directionsfor Preparation from Dehydrated Product

1. Dissolve 37 g of the powder in 1 L of purified water. Mix thoroughly.

2. Warm dlightly to completely dissolve the powder.

3. Dispense into tubes containing inverted fermentation vials.

4. Autoclave at 121°C for 15 minutes.

5. Test samples of the finished product for performance using stable, typical

control cultures.

Difco™ EC Medium with MUG

Approximate Formula* L™

TIYPLOSE ...t 200g
LACIOSE ...t 5049
Bile SAltSNO. 3 ... 15¢
Dipotassium Phosphate ..........cccoveeeeiieenecceseeseeens 4049
Monopotassium Phosphate ..........cccveeveeveenecceeneene 15¢
Sodium Chloride .......ccooeeiiiierieee e 509
MUG (4-methylumbelliferyl-p-D-glucuronide) ............ 0.05¢g

* Adjusted and/or supplemented as required to meet performance criteria.
Directionsfor Preparation from Dehydrated Product

1. Dissolve 37.1 g of the powder in 1 L of purified water. Mix thoroughly.
2. Warm dlightly to completely dissolve the powder.

3. Dispense into test tubes containing inverted fermentation vials.
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4. Autoclave at 121°C for 15 minutes.
5. Test samples of the finished product for performance using stable, typical

control cultures.

Oxoid™ | isteria selective Agar Base

Approximate Formula* L™

ColumbiaBlood Agar base..................cccevveen.. 39.00
ABSCUIN. .. 109
Ferricammonium citrate...............ccoeviieennnn.n. 05¢g
Lithium chloride......................c i iiiiveennnn. 150 @
pH 7.0+ 0.2

Listeria selective Supplement (Oxford formulation)

Via contents (each via is sufficient for 500 ml of medium)

Per via
Cycloheximide................ccceevvvee e e el ...200 Mg
Calistin sulphate...............ccceevvvveevneen. ... 10.0mg
Acriflavin......oooooi i, 25mg
Lefotetan........coovve e 1.0mg
FOSFOMYCIN......coii e, 5.0mg

Directionsfor Preparation from Dehydrated Product

1. Suspend 27.75 of the Listeria Selective Agar Base (Oxford Formulation) in
500 ml of distilled water. Mix thoroughly.

2. Bring gently to the boil to dissolve.

3. Sterilise by autoclaving at 121°C for 15 minutes.
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4. Cool to 50°C and aseptically add the contents of one vial Listeria Selective
Supplement (Oxford), SRO140E reconstituted with 5 ml of 70% ethanol. Mix

well and pour into sterile Petri dishes.

Difco™ Fraser Broth Base

Approximate Formula* L™

Pancreatic Digest of Casein .......ccccceveeveeieeseereeneenn 509
Proteose Peptone NO. 3 ........cooveviiieiiiee e 5049
Beef EXIIaCt .....cocce e 50¢g
Yeast EXIraCt ......coooveviiiiiiie e 509
Sodium Chloride .......ccccovveeveeeseere e 20.0g
Disodium Phosphate ..........ccceeeveeveccesieie e 96¢g
Monopotassium Phosphate ..........ccccvveveeieeneccieseene 1.35¢g
S o | o 109
NaIdiXIC ACI ..o 0.02g
Acriflavine HCl ... 24.0 mg
Lithium Chloride ........ccoveeveeeeceee e 30g

Difco™ Fraser Broth Supplement

Per 10 mL Via

Ferric AmMmonium Citrate .........ccoooeeveeeeveenenieseenens 059

* Adjusted and/or supplemented as required to meet performance criteria.
Directionsfor Preparation from Dehydrated Product

1. Suspend 55 g of the powder in 1 L of purified water. Mix thoroughly.

2. Heat with frequent agitation and boil for 1 minute to completely dissolve the

powder.
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3. Autoclave at 121°C for 15 minutes. Cool to room temperature.
4. Aseptically add 10 mL Fraser Broth Supplement. Mix well.
5. Test samples of the finished product for performance using stable, typical

control cultures.

Merck™ UVM-Listeria Selective Enrichment broth, modified

Approximate Formula* L™

TIYPLOSE .o 10.0g
Meat extraCt..........covoevviii i 509
Yeastextract ........covvvvviiiiiiiiiiennn, 5049
Sodium Chloride.............cccovviiinni, 2009
Disodium hydrogenphosphate............. 120.0¢g
Potassium hydrogen phosphate............ 1.35¢g
Esculin.......coooviviiiii 10g
Nalidixicacid.............c.ovviiiiiinnn, 20.0 mg
Acriflavine hydrochloride.................. 12.0mg

Directionsfor Preparation from Dehydrated Product

1. Suspend 54.4 g of powder in 1 L of purified water: Mix thoroughly.

2. Heat with frequent agitation and boil for 1 minute to completely dissolve the
powder.

3. Autoclave at 121°C for 15 minutes.
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Oxoid™ Campylobacter Blood-free selective M edium (Modified CCDA-
Preston)

Approximate Formula* L™

Nutrient BrothNo. 2................................. 2500
Bacteriological charcoal ...............ccoevvenennn 4049
Casein hydrolysate...........ccooeviie i 3.0g9
Sodium desoxycholate.............coovveiiiiinnnns 109
Ferroussulphate.............cooooiiiiiiiiiien, 0.25¢g
SOdiUM PYIUVALE. .. ... e 0.25¢g
Aar e 1209
pH 7.4+ 0.2

Cefoperazone Selective Supplement

Via contents (each via is sufficient for 500 ml of medium)

Cefoperazone. .. ....co.vveei i 16mg

Directionsfor Preparation from Dehydrated Product

Suspend 22.75g of Campylobacter Blood-Free selective Agar Base in 500 ml of
distilled water and bring to the boil to dissolve. Sterilize by autoclaving at
121°C for 15 minutes. Cool to 50°C. Aseptically add 1 vial of Cefoperazone
Selective Supplement SR125 reconstituted with 2ml of sterile distilled water.

Mix well and pour into sterile Petri dishes.

Preston Campylobacter Selective Enrichment Broth
Oxoid™ Nutrient Broth No. 2
Approximate Formula* L™

Lab-Lemco powder...............ccoeeevevveennen.n 1009
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Directionsfor Preparation from Dehydrated Product

Add 25gto 1 litre of distilled water. Mix well, distribute into final containers
and sterilise by autoclaving at 121°C for 15 minutes.

Directionsfor Preparation from Dehydrated Product

1. Dissolve 12.5g of Nutrient Broth No.2 in 475ml of distilled water and
sterilise by autoclaving at 121°C for 15 minutes. Cool to 50°C or below.

2. Aseptically add 25ml of Lysed Horse Blood SR0048, 1 vial of Preston
Campylobacter Selective Supplement SR0117 or SR0204 and 1 vial of
Campylobacter Growth Supplement SR0084 or SR0232.

3. Aseptically dispense 5ml volumes in sterile small screw-capped bottles.

Difco™ Plate Count Agar

Approximate Formula* L™

Pancreatic Digest of Casein .......cccccceveeveeieeseereesnene 509
Yeast EXIraCt ......coooveeviiiiiiiie e 2549
DEXIIOSE ....eee ettt 10g
AGAN e 1509

* Adjusted and/or supplemented as required to meet performance criteria.
Directionsfor Preparation from Dehydrated Product

1. Suspend 23.5 g of the powder in 1 L of purified water. Mix thoroughly.

2. Heat with frequent agitation and boil for 1 minute to completely dissolve the
powder.

3. Autoclave at 121°C for 15 minutes.
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4. Test samples of the finished product for performance using stable, typica

control cultures.

Bacto™ Tryptic Soy Broth

Approximate Formula* L™

Pancreatic Digest of Casein ........cccccevvveeveerieeceesveennn. 1709
Enzymatic Digest of Soybean Med ............cccceeneee. 30¢g
Sodium Chloride .......cceveieeeeseeeeec e 50¢9
Dipotassium Phosphate ..........cccoveeeeiieenecceseeseeens 25¢g
DEXIIOSE ....eei ettt 259

Directionsfor Preparation from Dehydrated Product

1. Suspend 30 gin 1 L of purified water: Mix thoroughly.

2. Warm gently until solution is complete.

3. Autoclave at 121°C for 15 minutes.

4. Test samples of the finished product for performance using stable, typical

control cultures.

Bacto™ Tryptic Soy Agar

Approximate Formula* L™

Pancreatic Digest of Casein ........cccccevvveeveerieeieesieennn. 170¢g
Enzymatic Digest of Soybean Med ............cccccveneee. 30¢g
Sodium Chloride .......ccecveeeieeseeeceer e 509
Dipotassium Phosphate ..........ccceveeeverieenecceseeseeens 25¢g
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DEXIIOSE ..ot 259

Directionsfor Preparation from Dehydrated Product

1. Suspend 30 gin 1L of purified water: Mix thoroughly.

2. Heat with frequent agitation and boil for 1 minute to completely dissolve the
powder.

3. Autoclave at 121°C for 15 minutes.

4. Test samples of the finished product for performance using stable, typica

control cultures.

Bacto™ Brain Heart Infusion Broth

Approximate Formula* L™

Cdf Brains, Infusion from 200 g ......ccccocvvvevveeenneene 7.79
Beef Heart, Infusion from 250 g ......cccocvevvveeveeieenee. 98¢
Proteose PEPLONEe ........ccoccveiviieiiieeecee e 10.0g
DEXIIOSE ....eee ettt 2049
Sodium Chloride .......ccovveeeveereeecee e 509
Disodium Phosphate ...........cccocvveeneniinieneceeeee 25¢

Directionsfor Preparation from Dehydrated Product
1. Suspend the powder in 1 L of purified water: Bacto™ Brain Heart Infusion —
3749,

Mix thoroughly.
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2. Heat with frequent agitation and boil for 1 minute to completely dissolve the
powder.

3. Autoclave at 121°C for 15 minutes.

4. Test samples of the finished product for performance using stable, typical

control cultures.

Difco™ Brain Heart Infusion Agar

Approximate Formula* L™

Cdlf Brains, Infusion from 200 g .......cccccvvverveeernnnne 779
Beef Heart, Infusion from 250 g ......cccocvevvveeveecieenen. 98¢
Proteose PEPLONEe ........ccoocveevieiniiieeree e 10.0g
DEXIIOSE ....eei ettt 2049
Sodium Chloride .......cccoveieieereeecec e 509
Disodium Phosphate ..........cccceevveeveecesiere e 25¢g
AGAN e 15.0¢g

Directionsfor Preparation from Dehydrated Product

1. Suspend the powder in 1 L of purified water: Difco™ Brain Heart Infusion
Agar —52 g; Mix thoroughly.

2. Heat with frequent agitation and boil for 1 minute to completely dissolve the
powder.

3. Autoclave at 121°C for 15 minutes.

4. Before use, agitate gently to distribute the precipitate uniformly throughout
the medium.

5. Test samples of the finished product for performance using stable, typical

control cultures.
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Bacto® Peptone (0.1%)

Approximate Formula* L™

Directionsfor Preparation from Dehydrated Product

1. Suspend the powder in 1 L of purified water: Bacto® Peptone (0.1% — 1 g);
Mix thoroughly.

2. Warm gently until solution is complete.

3. Autoclave at 121°C for 15 minutes.

Univer sal Buffer

Approximate Formula* L™

N = P R X ¢

Directionsfor Preparation from Dehydrated Product

1. Suspend 0.1% Bacto® Peptone with 0.85% sodium chloridein 1 L of
purified water; Mix thoroughly.

2. Warm gently until solution is complete.

3. Autoclave at 121°C for 15 minutes.

Merck ™

MRS Broth/Agar (Lactobacilllus broth acc. to De Man, Rogasa
and Sharpe)

Approximate Formula* L™

Peptonefrom casein..........cocovviiiiiiiii i e e 10.0g
Meat eXtraCt.......ccovv v 8.0¢g
Yeast eXtraCt......coovvv i, 409
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DOH)-gIUCOSE. .. .eeee et 20.0g

Dipotassium hydrogen phosphate........................ 209

di-ammonium hydrogen citrate.......................... 209

Sodium acetate. ..........oveiiiiiii 509
Magnesium sulphate. ..., 0.2g
Manganese sulphate............ccoooiii i 0.04¢9
Agar (not present in MRS broth)........................ 1209

Directionsfor Preparation from Dehydrated Product

1. Suspend 66.2 g MRS Agar or 52.2 g MRS broth

2. For MRS Agar; Heat with frequent agitation and boil for 1 minute to
completely dissolve the powder. For MRS broth; stir until dissolved.

3. Autoclave at 121°C for 15 minutes.

4. Before use, agitate gently to distribute the precipitate uniformly throughout
the medium. 5. Test samples of the finished product for performance using

stable, typical control cultures.

Difco™ or BBL™ Buffered Peptone Water

Approximate Formula* L™

PEPLONE ... 10.0g

Sodium Chloride .......ccooeeiiiieeeeee e 509
Disodium Phosphate ..........ccccoevveinenineeneeeeseee 35¢
Monopotassium Phosphate ..........ccccveeveneeneeienene 15¢g
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Directionsfor Preparation from Dehydrated Product

1. Dissolve the powder in 1 L of purified water: Difco™ or BBL™ Buffered
Peptone Water — 20 g; Mix thoroughly.

2. Autoclave at 121°C for 15 minutes.

3. Test samples of the finished product for performance using

stable, typical control cultures.

Difco™ Rappaport-Vassiliadis R10 Broth

Approximate Formula* L™

Pancreatic Digest of Casein .......ccccceveeveeieeseeneesneenn 454 ¢
Sodium Chloride .......cccoveieieereeecec e 729
Monopotassium Phosphate ..........ccccveeveeieeneccieneene 145¢g
Magnesium Chloride (anhydrous) ........c.ccccevveceernenne 134¢g
Malachite Green Oxalate .........ccccevveveeveeseecieseennns 36.0 mg

* Adjusted and/or supplemented as required to meet performance criteria.
Directionsfor Preparation from Dehydrated Product

1. Suspend 26.6 g of the powder in 1 L of purified water. Mix thoroughly.
2. Warm dlightly to completely dissolve the powder.

3. Dispense 10 mL amounts into suitable containers.

4. Autoclave at 116°C (10 psi pressure) for 15 minutes.

5. Test samples of the finished product for performance using

stable, typical control cultures.
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B. Appendix 11

MPN Tables and Result Sheets

Combination of MPN Index 95% Confidence Limits

Positives per g (ml) Lower Upper
0-0-0 <3.0 ik 9.5
0-0-1 3.0 0.15 9.6
0-1-0 3.0 0.15 11.
0-1-1 6.1 12 18.
0-2-0 6.2 1.2 18.
0-3-0 9.4 3.6 38
1-0-0 3.6 0.17 18.
1-0-1 7.2 1.3 18.
1-0-2 11. 3.6 38
1-1-0 7.4 1.3 20
1-1-1 11. 3.6 38
1-2-0 11. 3.6 42
1-2-1 15. 45 42
1-3-0 16 45 42
2-0-0 9.2 14 38
2-0-1 14. 3.6 42
2-0-2 20. 45 42
2-1-0 15. 3.7 42
2-1-1 20. 45 42
2-1-2 27. 8.7 94
2-2-0 21. 45 42
2-2-1 28. 8.7 94
2-2-2 35. 8.7 94
2-3-0 29. 8.7 94
2-3-1 36. 8.7 94
3-0-0 23. 4.6 94
3-0-1 38. 8.7 110
3-0-2 64. 17. 180
3-1-0 43. 9.0 180
3-1-1 75. 17. 200
3-1-2 120. 37. 420
3-1-3 160. 40. 420
3-2-0 93. 18. 420
3-2-1 150. 37. 420
3-2-2 210. 40. 430
3-2-3 290. 0. 1000
3-3-0 240. 42. 1000
331 460. 0. 2000
3-3-2 1100. 180 4100
3-3-3 >1100. 420 -

Table A.11.1. 3-Tube MPN Probability Table
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TABLE 9221.1V. MPN InpeEx AND 95% ConFpencE LivMirs For Various CoOMBINATIONS oF Posrmive REsuLts Waen Five TUuBes are Usen pPiEr
Dvrion (10 mL, 1.0 mL, 0.1 sl

95% Confidence Limils 95% Confidence Limits
Combination MPN Index/f Combination MPN Index/
of Positives 100 mL Lower Upper of Positives 100 mL Lower Upper
4-2-0 22 9.0 56
0-0-0 == — — 4-2-1 26 12 65
0-0-1 2 1.0 10 4-3-0 27 12 o7
0-1-0 = 1.0 10 4-3-1 33 15 77
0-2-0 <4 1.0 13 4-4-0 34 16 |0
5-0-0 * #3 9.0 86
1-0-0 2 1.0 11 5-0-1 30 10 110
1-0-1 4 1.0 15 5.0-2 40 20 140
1-1-0 4 1.0 15 5-1-0 30 10 120
1-1-1 6 2.0 18 5-1-1 50 20 150
1-2-0 a 2.0 18 512 60 30 180
2-0-0 4 1.0 E7 5-2-0 50 20 170
2-0-1 7 2.0 20 5-2-1 70 30 210
2-1-0 7 2.0 21 5-2-2 90 40 250
2-1-1 9 3.0 24 5-3-0 80 30 250
2-2-0 9 3.0 25 5-3-1 110 40 300
2-3-0 12 5.0 29 5-3-2 140 [51¢] 360
3-0-0 8 3.0 24 5-3-3 170 B0 410
3-0-1 11 4.0 20 5-4-0 120 50 390
3-1-0 11 4.0 29 5-4-1 170 T0 480
3-1-1 14 6.0 35 5-4-2 220 100 580
3-2-0 14 6.0 35 5-4-3 280 1240 GO0
3-2-1 17 7.0 40 5-4-4 350 160 B20
5-5-0 240 1040 940
4-0-0 13 5.0 38 5-5-1 300 104 1300
4-0-1 7 7.0 45 5-5-2 500 200 2000
4-1-0 17 7.0 46 5-5-3 900 300 2900
4-1-1 21 9.0 55 5-5-4 1600 600 5300
4-1-2 26 12 63 5-5-5 = 1600 —_ —_

Table A11.2. 5-Tube MPN Probability Table
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Plate Count of Micro-organisms

o No. of colonies
Treatment Dilution | Volume
a b c
Calculation
Triplicate counts - R o c
CFU per ml = a + b + ¢ X volume

vol.a +vol.b +volc
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5-Tube MPN Test for E. coli in Toroi

Date Sample No.

Test Step 1 Step 2 Step 3 Step 4 Step 5

Test Portion (V mls)

Test Dilution (F)

Tube No. 1] 2 6 | 7 10[11[122]183[14[15| 162718192021 [22[23]24] 25

24 hr presumptive
ACID + GAS (LT)

24-48 hr presumptive
ACID + GAS

Confirmed at 44.5°C (EC)

No. confirmed tubes
per step

Cadlculation
MPN value at 95% C.L

MPN Valuex 10 x F =
\%

E. coli

EC + MUG

No. confirmed tubes
per step
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Date

3-Tube MPN Test for E. coli

Sample No.

Test

Step 1

Step 2

Step 3

Step 4

Step 5

Test Portion (V mls)

Test Dilution (F)

Tube No.

10

11

12

13

14

15

24 hr presumptive
ACID + GAS (LT)

24-48 hr presumptive
ACID + GAS

Confirmed at 44.5°C (EC)

No. confirmed tubes
per step

Cadlculation
MPN value at 95% C.L

MPN Valuex 10 x F =
\%

E. coli

EC + MUG

No. confirmed tubes
per step
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