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Scientific Interpretative Summary

This Scientific Interpretative Summary is prepared by New Zealand Food Safety (NZFS) risk
assessors to provide context to the following report for MPI risk managers and external
readers.

FW14008 Microbiological survey of fresh-cut fruit salads (non-retorted) available in
consumer-ready packs from retail in New Zealand.

This microbiological survey was conducted by the Institute of Environmental Science and
Research (ESR) between June 2013 and April 2014. A total of 75 fresh-cut, non-retorted,
ready-to-eat, retail fruit salads, each had a composite of 5 individual (same batch) sub-
samples representing 14 brands, were purchased from supermarkets or online retail stores.
Composite samples were tested, using standard laboratory methods, within + 2 days of
expiry for:

. Salmonella (presence/absence)

. Listeria spp. (including L. monocytogenes) (presence/absence, enumeration)
. Escherichia coli (enumeration)

. Coagulase-positive Staphylococcus spp. (CPS) (enumeration)

. Mesophilic aerobic microflora (APC) counts

. pH

Listeria monocytogenes was detected in four (5.3%) samples at concentrations of <100
CFU/g. All were, or contained, melon. Each of the melon samples also tested positive for L.
innocua. Seven additional samples tested positive only for L. innocua. Levels of L. innocua
ranged from <100 to 1250 CFU/g. APCs were highly variable for the mixed fruit (between 3.2
and 8.9 log10 CFU/g) and melon products (4.3 and 7.4 log10 CFU/q). Listeria spp. were not
isolated from fruit with a pH <4.

Salmonella, CPS and E. coli were not detected in any of the samples.

The detection of Listeria spp. (notably including L. monocyfogenes, although at low
concentrations) in several ready-to-eat fresh-cut retail fruit products available in New Zealand
suggests these products could be potential vehicles for foodbome iliness.

NZFS updated food safety guidance for people during pregnancy in 2020 and includes
advice not to eat pre-packaged ready-to-eat fruit salads
(https://www.mpi.govt.nz/dmsdocument/7251-Food-safety-in-pregnancy-pullout-guide). The
New Zealand Food Safety Science & Research Centre has a programme focused on
applying genomics to improve the understanding of food safety risks associated with Listeria.
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DISCLAIMER

This report or document (“the Report™) is given by the Institute of Environmental Science and
Research Limited (“ESR”) solely for the benefitof the Ministry for Primary Industries (“MPI”),
Public Health Services Providers and other Third Party Beneficiaries as defined in the Contract
between ESR and MPI, and is strictly subject to the conditions laid out in that Contract.

Neither ESR nor any of its employees makes any warranty, express or implied, or assumes any

legal liability or responsibility for use of the Report or its contents by any other person or
organisation.
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SUMMARY

A microbiological survey of fresh-cut retail fruit salads (non-retorted, ready-to-eat) available
in consumer-ready packs in New Zealand was conducted during 2013-2014. A total of 75
samples, each a composite of 5 individual sub-samples representing different packs from the
same batch (when available), were purchased from supermarkets or online retail stores.

Analyses were performed at the end of the products’ shelf-life to determine the presence of
Salmonella and Listeria spp. (including L. monocytogenes), and to enumerate Escherichia coli,
coagulase-positive Staphylococcus spp. (CPS) and mesophilic aerobic microflora in composite
samples. Enumeration of sub-samples was undertaken when Listeria strains were detected in
composite samples; or if E. coli or CPS were detected in composite samples above pre-

determined concentrations.

Listeria monocytogenes was detected in four samples at concentrations of <100 CFU/g; three
samples of melon productand one sample of amixed fruitproductalso containingmelon. Each
of the melon samples also tested positive for L. innocua. Seven additional samples tested
positive only for L. innocua. Levels of L. innocua ranged from <100 to 1250 CFU/g. Aerobic
plate counts (APC) of mesophilic aerobic microflora were highly variable for the mixed fruit
and melon products, with counts ranging between 3.2 and 8.9 log;o CFU/g for mixed fruit
products, and between 4.3 and 7.4 log;o CFU/g for melon products. Salmonella, CPS and E.

coli were not detected in any of the samples.

The detection of Listeria spp. (notably including L. monocytogenes) in several ready-to-eat
fresh-cut retail fruit products available in New Zealand suggests these products could be

potential vehicles for foodborne illness. This study is the first of its kind in New Zealand and
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raising awareness of consumers and food producers to its contents (with the accompanying

MPI Good Operating Practice) may help reduce the risk associated with this product category.
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1

INTRODUCTION

The consumption of nutritionally soundmeals thatinclude whole or minimally-processed
fresh fruit and vegetables is being increasingly emphasized for health promotion reasons
(Cook, 2011). Moreover, consumer lifestyle changes have driven the need for
convenience-type ready-to-eat foods in portion-packs. A combinationof these factorshas
resulted in greater consumption of store-bought produce items that are minimally
processed (Abadias et al., 2008). However, consumption of minimally processed fresh
produce also presents a risk of exposure to pathogenic microorganisms. Pathogens
associated with fresh fruit such as tomatoes, strawberries, melons and papaya include
pathogenic Escherichia coli, Salmonella spp., Listeria spp., Hepatitis A, human
adenovirus, norovirus, Cyclospora cayatanensis, and Cryptosporidium parvum (Van
Boxstael et al., 2013; Calder et al., 2003; Cosgrove et al., 2011; CDC, 2014; FSANZ,
2013; Maunula et al.,2013). Indeed, there has been an increase in the number of reported
outbreaks of foodborne illness related to consumption of contaminated produce, from the
1970s to the mid-2000s, both country-specific and internationally (Lynch ez al., 2009).
The pathogen-food category pair associated with the largest number of outbreak-related
illnesses (446)inthe U.S. in 2012 was Salmonella spp. in fruits (CDC, 2014). In that year
there were 16 fruit-related outbreaks in the US (totalling 858 illnesses) (CDC, 2014).
Other countries reporting fruit-related outbreaks are the United Kingdom (UK) (Little
and Gillespie, 2008), Australia (Abelson ef al. 2006), Canada (Landry et al. 2007) and
Mexico (Mohle-Boetani et al. 1999). In New Zealand, an outbreak of salmonellosis has

been epidemiologically and physically linked to the consumption of locally grown

watermelon (McCallum et al., 2010).

Fresh-cut fruit salads are visible convenience food options in New Zealand supermarkets
and retail food outlets. Such foods are intended to be consumed within a relatively short
time span. Nonetheless, certain pathogens are able to multiply or survive on fruit under
refrigerated conditions and thus present a risk to consumers. For example, survival of
five Salmonella serotypes was shown on three kinds of melon incubated at for 24 h at
5°C(Goldenetal., 1993). Listeria monocytogenes is able to grow on fresh-cut cantaloupe

at temperatures ranging from 2°C to 43°C (Fanget al. 2013).

10
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Furthermore, consumers may elect to store and consume product for periods outside of
the recommended shelf-life ranges. Such conditions may increase the potential for
growth of foodborne pathogens. Both Shigella and Salmonella exhibit growth on papaya
cubes incubated at 25-27°C after a few hours (Escartin et al, 1989). Listeria
monocytogenes has been shown to grow on the melon components of these salads, with
a predicted (model-based) increase of 4 log;o CFU/g following 15 days of storage at 5°C,
and a 1 log;o CFU/g increase after 6 days of storage at 4°C (Danyluk ez al. 2014, Ukuku
et al. 2012). Both L. monocytogenes and Salmonella enterica serovar Enteritidis exhibit

growth in the pulped fruit of melon, watermelon and papaya at temperatures as low as

10°C (Penteado and Leitao, 2004a, b).

In New Zealand, an earlier survey (Mclntyre and Cornelius, 2009) profiled the
microbiological quality of whole fruit (domestic, imported and export), but not of

consumer-ready portion-packed fresh-cut fruit.

The objective of this survey was to provide a snapshot of the microbiological status of
non-retorted, fresh-cut fruit salads available in consumer-ready packs at retail in New
Zealand by characterizing their pathogenic and mesophilic bacterial profile. This
information will inform the MPI Salmonella and Listeria monocytogenes risk
management strategies. The microbiological results from this survey will provide an
insight into the efficacy of food safety control measures for such products, particularly
with respectto the control of L. monocytogenes and Salmonella, and in relation to the
Food Act (2014) and recent (2014) changes to microbiological limits for L.
monocytogenes effected by FSANZ. Ultimately, this study aims to provide data that may
help assess these specified risks and thus potentially support the development of tools,
including guidance for food control plans, with the goal to minimise the risk of foodbome

illness for this category of retail food.

11
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2

2.1

MATERIALS AND METHODS

Sampling Programme

In this study, 75 composite retail samples of pre-packaged fresh-cut fruit salad products
representing 14 brands sold in New Zealand were collected for analysis. Each composite
comprised five samples from the same batch (and thus identical best-before/use-by date)
when available (some samples had less than five sub-samples due to insufficient product
availability). The sample number of 75 was chosen as that which enabled the detection
of a difference of 2.5% or greater in the prevalence, with a power of 0.8, and a

statistically significant result would be obtained in the event of one positive result.

It was stipulated that all samples collected should be pre-packaged by the manufacturer
for retail sale (via one of nine supermarkets or grocery stores), or for food service (via
one of three high street cafés or restaurants) and readily available to consumers.
Sampling was designed to cover processors across New Zealand to ensure a robust
geographical sampling distribution. Samples were collected across a spectrum of retail
outlets including the major supermarkets and specialty stores, in a number of locations
in New Zealand. Retail outlets in Christchurch, Auckland and Wellington were sampled
by in-store visits, and samples from other locations were obtained online or by phone.
Staff from both ESR and MPI designed the sampling plan to examine as representative

a set of commodities as feasible given the budget allocated.

Sampling and testing occurred from June 2013 until April 2014 and was carried out in 2
Rounds. Round 1 sampling occurred from June 2013 - December 2013, and Round 2
sampling was carried out between December 2013 and April 2014. Samples were
purchased and stored under the processor’s stated storage conditions until analysed
within + 2 days of the processor’s stated best-before/use-by date. If purchased in another
city, samples were shipped overnight in a chilly bin with ice-replacement packaging, to
maintain the temperature at 4 + 3°C. Sample temperatures were checked upon receipt at
ESR’s Christchurch Science Centre. Each sample was assigned a unique ‘Public

Health Laboratory’ identification number.

12
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2.2

Sample preparation

The outer surface of each sub-sample (pottle/bag/cup) was disinfected with alcohol
before cutting it open with a sterilized scissors or scalpel. Contents were blended for 1
minute at high speed using a sterilized blender (Waring®; East Windsor, NJ, United
States of America) to ensure homogenous distribution of fruit in the sample. The
contents of the blender were poured into a stomacher bag. The sub-sample was then
treated to neutralise acid conditions if necessary, to achieve a final pH of 6.5-7.0. To do
this, an aliquot of the homogenate was aseptically removed, the intial pH measured
(Eutech Instruments Cyberscan Series pH510 pH meter), and drops of 10N NaOH added
to the homogenate in the stomacher bag. This was stomached (Colworth Stomacher®
Model 400, A. J. Seward Co. UK, or BagMixer® 400 W, Interscience, France) for 30
seconds, an aliquot was aseptically removed and the pH measured again. This process
was repeated until the pH of the homogenate was in the desired range. Portions of
homogenate were then weighed outto be pooled into a composite for the analyses (Table
1), and the remainder of each sample stored at 4°C for re-testing if required. Metadata
on the sampling process and product (shelf-life, best-before date or use-by date, packed-
on date, origin of products, type of packaging) was recorded. A photograph of each

individual package was also taken.

2.3 Microbiological Methods

Product samples were tested for the following microbiological hazards, using the

methods stated in Table 1:

* Presence/absence:
O L. monocytogenes
O Listeria spp.
0 Salmonella

¢  Enumeration:

0 coagulase-positive Staphylococcus (CPS) (and tested for staphylococcal
enterotoxin if the cell number was greater than 100,000 CFU/g)

13
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o0 Listeria spp. (including L. monocytogenes)
0 Aecrobic Plate Count (APC)

o E. coliby MPN

For the presence/absencetests, 125gof composite sample (made up of 25g fromeach
of five sub-samples) was added to enrichment broth (demi-Fraser for Listeria and
buffered peptone water for Salmonella), and incubated as per the test protocol (Table
1). After preliminary incubation, for Listeria, the enrichment broth was streaked onto
ALOA and PALCAM agar, incubated at 37°C for 48h, and examined for the
presence of presumptive Listeria colonies. Typical colonies were confirmed by
Gram stain, motility, haemolysis, CAMP and biochemical tests including
Microgen™ ListerialD MID-67, (Microgen Bioproducts Ltd., UK). For Salmonella,
preliminary incubation was followed by inoculation into MKTTn and RVS broths
which were incubated at 37 or 41.5°C respectively, for 24 hours. Inoculum from
these broths was streaked onto XLLD or Hektoen agar, incubated at 37°C for 24 h and
examined for the presence of presumptive Sa/monella colonies. Typical colonies
were confirmed by serological and biochemical tests including Microgen™ GN A+B

- ID (Microgen Bioproducts Ltd.).

For the tests requiring enumeration, 50g of a composite sample was diluted 1:10 and
the standard enumeration procedures (Table 1) carried out for CPS, APC, Listeria
spp. and E. coli. Any presumptive positive samples from the E. coli, Listeria spp.

and CPS testing were subjected to identification and confirmatory tests.

Furthertesting of individual sub-samples was undertaken whenthe presence/absence
testing on composite samples yielded positive results for Listeria spp., or if
enumeration (composite) test results exceeded the trigger levels listed below.

* FE. coli>20CFU/g
+ CPS>20CFU/g

+ APC>107CFU/g*

14
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* After 3 weeks of sample analyses, it was noticed that the APC counts of individual
sub-samples (for those samples that triggered enumeration of individual sub-samples)
were higher than those of the corresponding composite samples that had been
enumerated about 4-6 days earlier. This occurred because of the growth of mesophilic
aerobic organisms during interim sample refrigeration. Consequently, it was decided
by MPI that APC counts would be done on composite samples only from this period

onwards.

Culturally and biochemically-confirmed isolates of pathogens were further confirmed
by serotyping (Salmonella, L. monocytogenes), and Pulsed Field Gel Electrophoresis
(PFGE) for L. monocytogenes (Graves and Swaminathan, 2001).

Confirmed positive results for any of the pathogen tests were communicated

immediately to MPI via telephone with an official laboratory report following later.

15
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Table 1. Methods used for the microbiological analyses of fruit salad samples

Microorganism | Type of test Method used Method name/source

L. Presence/ ISO 11290-| Microbiology of food and animal

monocytogenes, | Absence 1:1996/Amd.1:2 | feeding stuffs — Horizontal method

Listeria spp. 004 for the detection and enumeration
of Listeria monocytogenes—Part 1:
Detection method

L. Enumeration ISO 11290-| Microbiology of food and animal

monocytogenes, 2:1998/Amd.1:2 | feeding stuffs — Horizontal method

Listeria spp. 004 for the detection and enumeration
of Listeria monocytogenes—Part2:
Enumeration method

Salmonella Presence/ ISO 6579:2002 | Microbiology of food and animal

Absence feeding stuffs— Horizontal method

forthe detection of Salmonellaspp.

Aerobic plate| Enumeration ISO 4833:2003 | Microbiology of food and animal

count (APC), feeding stuff — Horizontal method

mesophilic for the enumeration of
microorganisms — Colony-count
technique at 30°C

Coagulase- Enumeration | ISO 6888-| Microbiology of food and animal

positive 1:1999 feeding stuffs — Horizontal method

Staphylococcus for the enumeration of coagulase-
positive staphylococci
(Staphylococcus aureus and other
species) — Partl: Technique using
Baird - Parker agar medium

E. coli Enumeration APHA American Public Health

Association (APHA 2001, 4th
Edition) method, Chapter:
‘Enterobacteriaceae, Coliforms,
and Escherichia colias Quality and
Safety Indicators’, sections
8.7/8.8/8.9

2.4 Statistics

The pH and APCs for different fruit salad types were potted using the stripchart function of the

R statistical package (R Core Team, 2014). The jitter option of the stripchart function was used

to help distinguish between data points with similar pH or APC values.

16
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3 RESULTS

3.1 Sample location and type

A total of 75 fresh-cut fruit products were sampled as shown in Table 2. Products that had
nationwide distribution were sampled from retail outlets in Christchurch. Of the 75 samples,

48 products were purchased in-store, 20 by phone and/or e-mail, and seven were ordered

through the manufacturer’s website.

Table 2. Sampling location and fruit product type

Product Lower North
composition Christchurch Auckland Island Total
Mixed fruit types | 16 24 1 41
Diced melons? 10 5 2 17
Diced pineapple |2 4 1 7
Apple slices 5 3 NS 8
Cutstrawberries | NS 2 NS 2
Total 33 38 4 75

a: Includes watermelon, honeydew melon, rock melon and combinations of these.
NS: None sampled.

3.2 Microbial analyses

Seventy-five packaged samples of fresh-cut fruit were obtained from supermarkets or
independent sellers nationwide in New Zealand (See Section 2: Materials and Methods). Each
of the samples were analysed as a composite of five individual sub-samples, for the presence
of Listeria and Salmonella. Enumeration procedures were carried out for CPS, APC and E. coli
(Table 1). Subsequently, sub-samples were individually analysed to enumerate microbial
numbers if Listeria spp. were indicated, or if enumeration of composite samples yielded a result

that exceeded pre-assigned trigger levels (described above) for CPS, APC or E. coli.

Detailed results for all microbiological analyses performed on all samples are shown in Table
3.

17
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Table 3. Microbiological results for fresh-cut fruit salad samples (n=75) obtained nationwide at retail in New Zealand.

Q
’g Salmonella L. monocytogenes Listeria spp. E. coli CPS APC
:| 2
2 E iti b- Sub- Sub-
ol = . Initial Sub- Sub- Count [PY u u
Product oun
g _2 PH  |(Presence/Absence) Eirgsseer?ccg) sample | (Presence/Absencef| sample | (MPN/g) [ mple |Count |sample |Count sample
& 5 count and identification | count count  (CFU/g) |count (CFU/g) |count
1 4.8 ND <100 ND ND ND
2 4.7 ND <100 ND ND ND
3 4.5 ND + <100 ND ND ND
2 Fruitsalad - - . <3 <10 1.45x 108
4 4.8 ND L. innocua <100 ND ND ND
5 4.7 ND <100 ND ND ND
1 3.8 ND ND ND ND ND
2 4.2 ND ND ND ND ND
3 3.9 ND ND 4 ND <10 ND 6.7x10* | ND
4 |4 Fruitsalad 38 - - ND - ND ND ND ND
5 39 ND ND ND ND ND
1 4.1 ND - ND ND ND ND
2 4.4 ND ND ND ND ND
3 4 ND ND ND ND . ND
4 . 4.4 ND ND <3 ND <10 ND 5.9x10° | ND
8 Fruitsalad - -
5 4.4 ND ND ND ND ND
1 42 |- i ND - ND ND ND D
2 4.2 ND ND ND ND ND
13( 3 | Fruitsalad | 42 ND ND <3 ND <10 ND 1.5x10° | ND
ND
ND

18
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1 . 3.6 ND ND ND ND ND
2 Fruitsalad | 3.6 ND ND ND ND ND
3 3.6 ND ND ND ND 3 | ND
< <
12| 4 35 ND ; ND 3 ND 10 ND 45x 1070 \p
5 3.7 ND ND ND ND ND
1 4.2 ND ND ND ND ND
2 4 ND ND ND ND ND
3 . 4 ND ND 3 ND <10 ND 13x10° ND
25| 4 | Fruitsalad | 4 ND - ND ND ND ND
5 4.1 ND ND ND ND ND
1 4.4 <100 <100 ND ND ND
2 4.2 <100 <100 ND ND ND
+
3 4.1 <100 . <100 3 ND <10 ND 7810 ND
22| 4 Fruitsalad | 4.5 <100 L. innocua <100 ND ND ND
5 4.4 <100 <100 ND ND ND
1 4.2 ND <100 ND ND ND
2 4.2 ND <100 ND ND ND
_l’_
3 4.2 ND . <100 3 ND <10 ND 13x107 ND
29 | 4 Fruitsalad 4.2 ND L. innocua <100 ND ND ND
5 4.2 ND <100 ND ND ND
1 4.6 ND ND ND ND ND
2 4.4 ND ND ND ND ND
3 . 43 ND ND 3 ND <10 ND 8.9x 10 ND
3114 Fruitsalad 4.7 ND - ND ND ND ND
5 4.4 ND ND ND ND ND
1 4.6 ND ND ND ND ND
2 4.7 ND ND ND ND [2.4x10* ND
36 |3 Fruitsalad | 4.7 ND - ND <3 ND <10 ND [(moulds ND
4 4.7 ND ND ND ND |present) ND
5 4.7 ND ND ND ND ND

19
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43
1 4.4 ND ND ND ND ND
2 4.4 ND ND ND ND ND
4 45 ND ND ND ND ND
5 4.4 ND ND ND ND ND
1 3.6 ND ND ND ND ND
2 3.8 ND ND ND ND ND
3 3.7 ND ND ND ND ND
<3 <10 6.8x 10°
44 | 4 | Fruitsalad | 3.6 ND ND ND ND X ND
5 3.7 ND ND ND ND ND
1 4.1 ND ND ND ND ND
2 4.1 ND ND ND ND ND
63 |3 Fruitsalad | 4.2 ND ND <\ ND <10 ND 6.85x 10° ND
4 4.2 ND ND ND ND ND
5 43 ND ND ND ND ND
1 4.5 ND ND ND ND ND
2 4.6 ND ND ND ND ND
56 | 3 | Fruitsalad | 46 ND ND <3 ND <10 ND 3.8x10° | ND
ND
ND
1 4 ND ND ND ND ND
2 4.2 ND ND ND ND ND
65 Fruit salad <3 <10 1.3x107
ND
ND
ND

20
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1 4 ND ND ND ND ND
2 3.9 ND ND ND ND ND
3 39 ND ND ND ND ND
<3 <10 1.93x 10°
68 | 4 | Fruitsalad | 4 ND ND ND ND U ND
5 39 ND ND ND ND ND
1 4.1 ND ND ND ND ND
2 43 ND ND ND ND ND
72 |3 Fruitsalad | 4.3 ND ND <3 ND <10 ND 14x107 | ND
4 42 ND ND ND ND ND
ND
1 4 ND ND ND ND ND
2 4 ND ND 4 ND 1o ND ND
26 |3 | Fruitmix | 4.1 ND ND ND ND 5.5x10°| ND
4 4 ND ND ND ND ND
ND
1 4.1 ND ND ND ND ND
2 42 ND ND ND ND ND
28 | 3 | Fruitmix | 42 ND ND <3 ND <10 ND 45x107| ND
ND
ND
1 52 ND ND ND ND ND
2 53 ND ND 4 ND 1o ND |~
60 | 3 | Fruitmix | 4.9 ND ND ND ND  P85x10° ND
4 5.1 ND ND ND ND ND
ND
1 45 ND ND ND ND ND
2 47 ND ND ND ND ND
3 . 46 ND ND 4 ND <10 ND 675107 ND
71| 4 | Fruitmix | 4.6 ND ND ND ND ND
5 46 ND ND ND ND ND
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1 42 ND ND ND ND ND
2 42 ND ND ND ND ND
3 43 ND ND ND ND ND
<3 <10 1.2x10°
15| 4 | Fruittray | 42 ND ; ND ND ND I ND
5 42 ND ND ND ND ND
1 42 ND ND ND ND ND
2 4.1 ND ND ND ND ND
3 4.1 ND ND ND ND ND
< < S
5114 | Fruittray | 4.1 ND - ND 3 ND 10 ND 3:5x10 \p
5 4.1 ND ND ND ND ND
1 6.2 ND <100 ND ND ND
2 6.3 ND <100 ND ND ND
3 | Melons, 6.1 ND + <100 |, ND 10 ND Lox107| ND
1 |4 | mixed 6.1 ND L. innocua <100 ND ND ND
5 6.3 ND <100 ND ND ND
1 4.6 ND ND ND ND ND
2 47 ND ND ND ND ND
30 | ND | Melons, - <3 <10 13x107
ND mixed
ND
1 58 ND ND ND ND ND
2 6.2 ND ND ND ND ND
3 | Melons, 6 ND ND 4 ND 10 ND L8100 ND
32| 4 | mixed 6.2 ND - ND ND ND : ND
5 6 ND ND ND ND ND
1 6.2 ND ND ND ND ND
2 6 ND ND ND ND ND
57 |3 | Melons, 6.3 ND i ND 3 ND <10 ND 12x107| ND
4 | mixed 6.1 ND ND ND ND
ND

22




D’Sa and Hudson, 2014

1 6.3 ND ND ND ND ND
2 Melons, 6.4 ND ND ND ND ND
4 6.3 ND ND ND ND ND
5 6.4 ND ND ND ND ND
1 49 ND ND ND ND ND
2 5.1 ND ND ND ND ND
3 |Melon and| 4.9 ND ND 3 ND <10 ND 76x 10° ND
50| 4 grapes 4.7 ND - ND ND ND ND
5 4.7 ND ND ND ND ND
1 4.9 ND ND ND ND ND
23 4.9 ND ND ND ND ND
4 |Melon and| 4.6 ND ND 3 ND <10 ND 15x10° ND
27 grapes 49 ND - ND ND ND ND
5 4.9 ND ND ND ND ND
1 5.7 <100 <100 ND ND ND
2 5.7 <100 <100 ND ND ND
+
3 Honeydew | 58 <100 . <100 3 ND <10 ND 2 1x 10° ND
7 |4 melon 5.9 <100 L. innocua <100 ND ND ND
5 5.8 <100 <100 ND ND ND
21 | 1 5.3 <100 350 ND ND ND
2 5.7 <100 650 ND ND ND
3 54 <100 T 500 ND ND , ND
4 Honeydew 54 50 L innocua 650 <3 ND <10 ND 1.5x 10" Np
melon
5 53 <100 900 ND ND ND
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1 6.1 ND ND ND ND ND
2 6.2 ND ND ND ND ND
37 | 4 melon 6.1 ND - ND ND ND ’ ND
5 6 ND ND ND ND ND
1 6.7 ND <100 ND ND 56x10°
2 6.3 ND . 200 ND ND 5.5x10°
8
3 6.5 ND L. innocua <100 3 ND <10 ND 135% 107 45x10
6 |4 Rockmelon | 6.6 ND <100 ND ND 2.8x108
5 6.6 ND <100 ND ND 3.7x108
1 6.3 50 750 ND ND ND
2 6.2 <100 200 ND ND ND
+
3 6.3 <100 . 950 3 ND <10 ND 24x 10 ND
23| 4 Rockmelon | 6.3 <100 L. innocua 900 ND ND ND
5 6.2 <100 1250 ND ND ND
1 5.7 ND ND ND ND ND
2 54 ND ND ND ND ND
3 5.6 ND ND ND ND . ND
354 | Rockmelon | 5.7 ND ] ND <3 o |10 [ap | MO0
5 5.5 ND ND ND ND ND
1 6.4 ND ND ND ND ND
2 6.4 ND ND ND ND ND
3 6.3 ND ND ND ND | ND
38 | 4 Rockmelon | 6.5 ND ) ND <3 ND <10 ND 79x10 ND
5 6.5 ND ND ND ND ND
1 6.7 ND B ND ND ND ND
2 6.7 ND ND <3 ND <10 ND b 2% 10° ND
64 |3 Rockmelon | 6.7 ND ND ND ND ) ND
4 6.7 ND ND ND ND ND
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5 6.6 ND ND ND ND ND
1 6.6 <100 <100 ND ND ND
2 6.7 <100 <100 ND ND ND
ND + 6
74 Rockmelon . <3 <10 2.5x10
ND L. innocua
ND
1 6 ND ND ND ND ND
2 58 ND ND ND ND ND
3 6.1 ND ND ND ND .| ND
5 |4 | Watermelon| 5.9 ND - ND <3 oo |10 fwp PXIT p
5 58 ND ND ND ND ND
1 6.4 ND ND ND ND ND
2 6.4 ND ND ND ND ND
3 6.6 ND ND ND ND .| ND
34| 4 | Watermelon| 6.5 ND - ND <3 oo |10 o [
5 6.5 ND ND ND ND ND
1 56 ND ND ND ND ND
2 57 ND ND ND ND ND
75 | ND | Watermelon - <3 <10 23x10°
ND
ND
1 39 ND ND ND ND ND
2 4 ND ND ND ND ND
3 4 ND ND ND ND s ND
9 |4 | Appleslices | 4 ND - ND <3 ND <10 N I AR B
5 3.9 ND ND ND ND ND
1 37 ND ND ND ND 24x10°
2 3.7 ND ND ND ND 2.0x10°
103 Appleslices | 3.7 ND - ND <3 ND <10 ND 3.6x107 | 1.6x 108
4 3.6 ND ND ND ND 1.6x108
ND
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1 3.8 ND ND ND ND ND
2 3.8 ND ND ND ND ND
3 | 3.8 ND ND 4 ND <10 ND Lsx10¢| ND

1114 Appleslices | 3.8 ND ND ND ND ND
5 3.8 ND ND ND ND ND
1 3.9 ND ND ND ND ND
2 3.9 ND ND ND ND ND
3 3.9 ND ND ND ND ND

, <3 <10 42x10°

16 | 4 | Appleslices | 3.9 ND ND ND ND 1 ND
5 3.9 ND ND ND ND ND

46
1 3.8 ND ND ND ND ND
2 3.8 ND ND ND ND ND
3 Appleslices | 3.8 ND ND <3 ND <10 ND 5 4%10° ND
4 3.8 ND ND ND ND ‘ ND
5 3.7 ND ND ND ND ND
1 3.7 ND ND ND ND ND
2 3.6 ND ND ND ND ND
3 3.7 ND ND ND ND ND

<3 <10 52x10°

42 | 4 | Appleslices | 3.7 ND ND ND ND 7 N
5 3.7 ND ND ND ND ND
1 3.7 ND ND ND ND ND
2 3.7 ND ND ND ND ND

53 |3 | Appleslices | 3-7 ND ND <3 ND <10 ND 1.6x107| ND
ND
ND
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1 3.8 ND ND ND ND ND
2 3.7 ND ND ND ND ND
3 | 3.8 ND ND 4 ND <10 ND | ¢ 107 | ND
5814 Appleslices | 3.7 ND - ND ND ND ND
5 3.8 ND ND ND ND ND
1 4 <100 <100 ND ND ND
2 4.1 <100 <100 ND ND ND
+
3 4.1 <100 | <100 | _, ND <10 ND | o+ | ND
24 | 4 | Pineapple | 4 <100 L. innocua <100 ND ND ND
5 4.1 <100 <100 ND ND ND
1 4 ND ND ND ND ND
2 4 ND ND ND ND ND
3 43 ND ND ND ND , | ND
33| 4 | Pineapple | 4 ND - ND <3 ND <10 oo P2 o
5 4 ND ND ND ND ND
1 33 ND ND ND ND ND
2 3.3 ND ND ND ND ND
313 Pineapple 34 ND - ND ND ND ND
4 3.4 ND ND <3 ND <10 ND 5x10° | ND
5 3.4 ND ND ND ND ND
1 3.5 ND ND ND ND ND
2 33 ND ND ND ND ND
3| 3.4 ND ND | g ND g | ND O hosyie| NP
14 | 4 Pineapple 34 ND - ND ND ND ND
5 3.4 ND ND ND ND ND
1 34 ND ND ND ND ND
2 33 ND ND ND ND ND
3 3.3 ND ND ND ND ND
<3 <1 1x10*
40 | 4 | Pineapple | 33 ND - ND ND 0 ND 6-1x10% \p
5 3.4 ND ND ND ND ND
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1 33 ND ND ND ND ND
2 33 ND ND ND ND ND
3 32 ND ND ND ND ND
< <1 Ix10°
45| 4 | Pineapple | 3.3 ND ND 3 ND 0 ND 8.7x107% \p
5 33 ND ND ND ND ND
1 34 ND ND ND ND ND
2 33 ND ND ND ND ND
3 . 33 ND ND 3 ND <10 ND 165x10° ND
66 | 4 Pineapple 33 ND ND ND ND ND
5 33 ND ND ND ND ND
1 3.7 ND ND ND ND ND
2 Pineapple 3.7 ND ND ND ND ND
203 | mix 3.6 ND ND 3 ND <10 ND 6.9x 10¢| ND
4 3.6 ND ND ND ND : ND
5 3.6 ND ND ND ND ND
Pineapple
1 mix 3.7 ND ND ND ND ND
2 3.7 ND ND ND ND ND
70| 3 3.7 ND ND <3 ND <10 ND 1.2x10*| ND
4 3.7 ND ND ND ND ND
5 3.7 ND ND ND ND ND
1 34 ND ND ND ND ND
2 34 ND ND ND ND ND
3 Pineapple 35 ND ND 3 ND <10 ND 2 5% 10" ND
47 | 4 andmango | 3.5 ND ND ND ND ' ND
5 34 ND ND ND ND ND
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1 3.7 ND ND ND ND ND
2 3.8 ND ND ND ND ND
3 Pineapple 3.8 ND ND 3 ND <10 ND 127x 10* ND
17 ] 4 and Mango | 3.8 ND ND ND ND ND
5 3.7 ND ND ND ND ND
1 4.4 ND ND ND ND ND
2 Mango fruit | 4.5 ND ND ND ND ND
52 |3 mix 4.4 ND ND <3 ND <10 ND 39x107| ND
4 43 ND ND ND ND ’ ND
5 45 ND ND ND ND ND
1 4.7 ND ND ND ND ND
2 49 ND ND ND ND ND
3 4.6 ND ND ND ND ND
<3 <10 1.4x10*
54 |4 | Mangomix | 4.8 ND ND ND ND I ND
5 49 ND ND ND ND ND
1 42 <100 <100 ND ND ND
2 42 <100 <100 ND ND ND
3 Mgngo fruit | 4.3 <100 <100 <3 ND <10 ND 45x10"| NP
49 | 4 mix 43 <100 <100 ND ND ND
5 45 <100 <100 ND ND ND
| 4.6 ND ND ND ND ND
2 4.6 ND ND ND ND ND
3 | 44 ND ND < ND | o ND 2 2% 10°| ND
73| 4 Mangomix | 4.5 ND ND ND ND ND
5 45 ND ND ND ND ND
1 3.6 ND ND ND ND ND
2 3.7 ND ND ND ND ND
3 . . 3.6 ND ND 3 ND <10 ND 5 3% 10 ND
41 | 4 Citrusmix | 3.7 ND ND ND ND ND
5 35 ND ND ND ND ND
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] 35 ND ND ND ND ND

2 36 ND ND ND ND ND
61 |3 Citrus mix 3.6 ND ND <3 ND <10 ND 36x103| ND

4 36 ND ND ND ND ND

5 36 ND ND ND ND ND

1 35 ND ND ND ND ND

2 36 ND ND ND ND ND

3 |36 ND ND 4 ND | 0 ND 9 10°| ND
67 | 4 Strawberries| 3.5 ND ND ND ND ND

5 35 ND ND ND ND ND
39

1 35 ND ND ND ND ND

2 36 ND ND ND ND ND

3 Strawberries| 3.5 ND ND <3 ND <10 ND 94x10°| ND

4 35 ND ND ND ND ND

5 36 ND ND ND ND ND

1 36 ND ND ND ND ND

2 36 ND ND ND ND ND

3| Kiwifruit | 3.7 ND ND ND ND . | nD
184 | mix 37 ND ND <3 xp | <10 o |4 b

5 37 ND ND ND ND ND

1 38 ND ND ND ND ND

2 39 ND ND ND ND ND

3 | Kiwifruit | 3.7 ND ND ND ND . | D
5514 | mix 38 ND ND <3 o | <10 ND 6.7x10" | \p

5 37 ND ND ND ND ND
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1 34 ND ND ND ND ND
2 | Kiwifruit | 3.4 ND ND S ND |, ND , |~
593 mix 33 ND ND ND ND 1.3x10 ND
4 34 ND ND ND ND ND
ND
1 36 ND ND ND ND ND
2 3.7 ND ND ND ND ND
3| Kiwifruit | 3.6 ND ND ND ND . | ~D
48 | 4 | mix 36 ND ND <3 ND <10 ND 7.9x10° 1 \p
5 35 ND ND ND ND ND
1 37 ND ND ND ND ND
2 37 ND ND ND ND ND
3 | Exotic fruit | 3.8 ND ND ND ND . | D
194 | salad 3.7 ND ND <3 xp | <10 o | 20X b
5 38 ND ND ND ND ND
1 4 ND ND ND ND ND
2 41 ND ND ND ND ND
3 | Exotic fruit | 3.8 ND ND ND ND . | ~D
69 |4 | mix 4 ND ND <3 ND <10 ND 3.9x10° 1 \p
5 4.1 ND ND ND ND ND

P/A = Presence absence test, ND =Not determined

'Product type by ingredient list

2 Presence (+), Absence (-)

3 Concentrations are on a per gram basis

The limit of detection was: 10 CFU/g (CPS), 3 MPN/g (E. coli), 10 CFU/g (APC), 100 CFU/g (Listeria).
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3.2.1 CPS, E. coli and Salmonella testing

Coagulase-positive staphylococci were not detected in any of the samples, with a limit of
detection of 10 CFU/g (Table 3). Similarly, E. coli wasnot detected above the limitof detection
of 3 MPN/g in any sample (Table 3). Salmonella spp. were not detected in presence/absence

testing of samples (Table 3).

3.2.2 Listeria testing

L. monocytogenes was detected in four fruit product samples; these were three samplesof melon
product and one sample of mixed fruit product (Table 3) from two supermarket brands. These
same three melon samples also tested positive for L. innocua (Table 3). Seven additional

samples of fresh-cut fruit producttested positive for L. innocua only (Table 3) therefore Listeria

spp. were detected in 10 fruit product samples from a total of three supermarket brands.

The data from the samples where Listeria spp. (L. innocua and L. monocytogenes) were detected
were further analysed (Table 4). Brand A Listeria spp. positive samples were all procured in
the same week (Table 4). Brand B positive samples (for L. monocytogenes and Listeria spp.)
were procured in three different months during the sampling period (Table 4). The Brand C

positive sample for Listeria spp. w obtained in late October 2013.

The L. monocytogenes isolates were subjected to further discriminatory testing to determine the
serotype and pulsotype by macrorestriction profiling using PFGE. Typing results are
summarised in Table 4 and three distinct strain types were identified. Two strains representing
serotype O1/2 and PFGE pulsotype Asc0059:Apa0046 were isolated from different melon
varietals sold by the same brand and isolated in the same sampling period. This type has been
seen previously in the New Zealand database!, with isolates noted from 2006, 2007 and 2012.
Human cases corresponding to this type during the aforementioned sampling period were not
observed. The pulsotype Asc0076:Apa0007 (from Brand B honeydew melon) has also been
recorded previously in New Zealand human case related isolates in the PulseNet Aotearoa New

Zealand database!. This pattern has been identified in Canada, where

' http:/www.esr.cri.nz/capabilities/Pages/PulseNetAotearoa.aspx - accessed 30 May 2014
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it was last seen in 2005 (Brent Gilpin, ESR, personal communication). The pulsotype Asc0053a:
ApaNOCUT was not in the database. However, a closely related Asc0053:ApaNOCUT
pulsotype from the fruit mix sample was previously recorded from a New Zealand human case
in 2007. This pattern has been seen once in the U.S. CDC database, from a patient, in 2002
(Brent Gilpin, ESR, personal communication). The serotypes of L. monocytogenes isolates are
listed in Table 4. Two of these, from the Brand A products, have the serotype O1/2, while the
two isolates from Brand B and C products are of the O4 serotype. Due to the potential public
health risk of these detections, these results were immediately communicated to MPI and

appropriate action was taken.
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Table 4. Microbial analysis results for fresh-cut fruit samples where L. monocytogenes and/or Listeria spp. was detected

Brand | Fruit type Sampling Best L. Subsample | PFGE profile Other Listeria) Sub-sample  count
date before / monocytogenes counts spp. isolated | range CFU/g:
Use-by date | isolated CFU/g
(Serotype)

A Diced 26/09/2013 | 2/10/2013 | Yes (01/2) all <1002 Asc0059:Apa0046 | L. innocua 350 to 900
honeydew
melon
Diced rock |26/09/2013 |2/10/2013 | Yes(01/2) all <1002 Asc0059:Apa0046 | L. innocua 200 to 1250
melon
Fruit salad® | 26/09/2013 |2/10/2013 | No L. innocua all <100
Diced 26/09/2013 | 2/10/2013 | No L. innocua all <100
pineapple

B Diced 23/06/2013 [ 26/06/201 | Yes (04) all <100 Asc0076: Apa0007 | L. innocua all <100
honeydew 3
melon
Diced mixed| 15/06/2013 | 20/06/201 | No L. innocua all <100
melon 3
Diced rock | 23/06/2013 | 26/06/201 | No L. innocua 4 samples: <100, 1
melon 3 sample: 200
Fruit Mix¢ | 5/02/2014 10/02/201 | Yes (04) all <100 Asc0053a:ApaNOC | No

4 uT
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Rock melon | 11/04/2014 | 14/04/201 No L. innocua all <100
4
Fruit Saladd | 15/06/2013 | 20/06/201 No L. innocua all <100
3
C Fruit salade | 31/10/2013 | 6/11/2013 No L. innocua all <100

c: Ingredients: watermelon, pineapple, persimmon, grapes, mango.

d: Ingredients: honeydew, rock and water melon, grapes, pineapple.
e: Ingredients: honeydew and rockmelon, grapes, apple, pineapple, watermelon.

a: Foursub samples had no identifiable colonies on duplicate plates and one subsample had one colony on a single plate (equivalent to 50 CFU/g).
b: Ingredients: honeydew androck melon, apple, orange, grapes, pineapple.
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3.23 Aerobic Plate Counts

The APC for the composite samples are plotted by fruit type in Figure 1. The APC were highly
variable for the mixed fruit and melon products with counts ranging between 3.2 and 8.9 logy
CFU/g for mixed fruit products, and between 4.3 and 7.4 log;o CFU/g for melon products. The
pineapple and strawberry products had a lower APC than the apple samples taken. However
due to the number of samples, this may not be a reflection of the APC profile of these products
in general, and further testing would be required to establish any differences in APCs between
these products. The highest APC (of composites) noted was for a Brand A ‘Melon and grape’
product with an APC of 8.9 log;o CFU/g and the lowest APC was from a Brand C ‘Citrus Mix’
product (3.6 log;o CFU/g).

The samples in which Listeria spp. were detected are also indicated in Figure 1. There was no

clear association between the APC and the presence of Listeria spp.

Figure 1. Aerobic plate counts (logi0 CFU/g) of composite samples of fresh-cut fruit

products?.
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aSamples testing positive for L. monocytogenes are indicated with a red circle. Other samples
only testing positive for L. innocua are indicated with a blue circle.
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3.3 pH of fresh-cut fruit salads

The pH of samples (i.e. individual retail packs of fruit subsequently homogenised by blending
for analyses) from each batch of the 75 products examined was taken before samples were acid
neutralised (to between 6.5-7.0 if the initial pH was outside this range) (Table 3). The pH of
individual samples of different fruit types are plotted in Figure 2. Melon samples were

noticeably less acidic than apple, pineapple or strawberry samples. The pH of mixed fruit

samples were reflected in the individual fruit types used as ingredients in the products.

Listeria spp. were detected in 10 of 45 fruit product samples with a pH between 4.0 and 6.7.
However, as expected from established growth characteristics (Phan-Thanh 1998; FSANZ,
2014), Listeria spp. were notdetected in sampleswith apH below 4. Three of the fourisolations
of L. monocytogenes were from products containing melon varietals only; the fourth from a

fruitsalad thatcomprised mango, rockmelon, and pineapple (Table 3; S. On, unpublished data).

Figure 2. pH of individual samples of fresh-cut fruit products by fruit type?
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aThe range of pH for each sample testing positive for L. monocytogenes is indicated by a red
line and the range for other samples which only tested positive for L. innocua are indicated by
a blue line.

3.3.1 Productpackaging

Of'the 75 fresh-cutfruitsamples analysed, 16 were packaged in flexible, sealed plastic pouches
or larger-sized bags. Two samples comprising semi-prepared fruit were in a Styrofoam tray
overwrapped with plastic film. The remaining 57 samples were packaged in semi-rigid plastic
pottles or cups. The shelf-lives of product from a given brand were usually described
consistently as either “use by” or “best before” but exceptions were seen during the survey
period. We found one example of the shelf life described as a date of expiry and one product

that had no labelling at all.

4 DISCUSSION

In our survey of 75 fresh-cut fruit salad samples, L. monocytogenes and Listeria spp. were
isolated from four (5.3%) and 10 (13.3%) of the fresh-cut fruit samples, respectively. Three of
the four fruit samples harbouring L. monocytogenes were melon varieties and the fourth a fruit
salad mixture comprising watermelon, rockmelon, pineapple, grapes, and mango; in each
sample, pH values were >4.0 and the counts of L. monocytogenes were all <100 CFU/g. Our
study did not recover Listeria spp. from fruit samples with pH values lower than 4.0, which
correlates with known properties of the organism (Phan-Thanh, 1998; FSANZ, 2014), and
indicating that fruit varieties or blends of the more acidic varieties harbour a lower risk of

conferring listeriosis to humans.

Given that our analyses were performed on samples that were within two days of the latest
shelf-life date stated by the producer, these samples would comply with the 2014 revised limits
for L. monocytogenes limits in fresh-cut and packaged horticultural produce (FSANZ, 2014).
One caveat to this finding is that L. innocua was co-isolated from three of the four L.
monocytogenes-positive melon samples (Table 3). It is documented that L. innocua can
interfere with the detection of L. monocytogenes even where ISO-standard methods (as
employed in our study) are used, to the extent that detection of this important pathogen may be
masked entirely during routine testing (Zitz et al, 2011). However, our follow-up

investigations that included macrorestriction profiling did not reveal any link between the L.
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monocytogenes isolates from this study, or human cases of listeriosis at or around the time of
isolation or product availability. Nevertheless, fruit salads contain components e.g. melon, that
support the growth of the organism (Penteado and Leitdo, 2004a; Danyluk et a/, 2014), and the
fact that outbreaks of listeriosis have been linked to the consumption of fruit salads/fresh-cut

fruits (CDC, 2012) reflects the ability of these foods to support sufficient growth of L.

monocytogenes such that disease can result.

In addition to the melon varietals described above, L. innocua was detected in pineapple
samples and mixed fruitsalads containingmelon varietals, grapes, pineapple and for one brand,
apple. The counts of L. innocua were <100 CFU/g for seven samples, and were 350-900, 200-
1250 and 200 (for one sub-sample) CFU/g in the remaining three samples. The close
relationship between L. innocua and L. monocytogenes (Buchreiser, 2007) means that the
formerisused as an indicator for growth potential in the latter, hence foods in which L. innocua
are found are generally regarded as having the potential to harbour the pathogen L.
monocytogenes. However, L. innocua outcompetes L. monocytogenes in mixed culture (Zitz et
al. 2011) which may reflect its wider distribution in this and other studies. In a UK survey of
ready-to-eat cut fruit (Little and Mitchell, 2004) 86 of 997 samples (8.6%), contained Listeria
spp. and 78 (7.8%) L. monocytogenes. Counts were 100 or more CFU/g L. monocytogenes in
one of the samples tested. These results were thus approximately consistent with the results of

our survey.

In otherinvestigations, a Swiss survey of 64 fresh-cut fruit samples collected from a production
plant found that none contained L. monocytogenes (Althaus et al. 2012), and a survey of 22
fruit samples in Spain also failed to detect L. monocytogenes (Sospedra et al., 2013). In a
survey conducted in Germany (Becker and Tauscher, 2011), L. monocytogenes was detected in
19.5% (24 of 123) fresh-cut fruit and fruit salad samples. In a larger study of 194 fruit samples
in Western Australia (Western Australia Food Monitoring Program, 2005), L. monocytogenes
was found in one sample of pineapple at <3 MPN, which is in the ‘marginal’ category of the
2001 FSANZ guidelines (FSANZ, 2001). Kramarenkoetal. (2013)detected L. monocytogenes
in 2.5% and 3.5% of fruit and vegetable-based RTE products in Estonia, in 2009 and 2010,
respectively. No L. monocytogenes was found in a Spanish study of 21 freshcut fruit samples
(Abadias et al,2008).
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A large Japanese survey of 504 pre-cut fruit samples collected over Winter and Summer
detected presumptive E. coli in three (0.6%) samples, but enterohaemorrhagic E. coli and
enterotoxigenic E. coli were not detected (Mori et al. 2010). In the Little and Mitchell (2004)
study, three (0.3%) of the samples contained E. coli. No E. coli was found in the Swiss study
(Althausetal.,2012). Inthe German survey, E. coli was detected in 17 (13.8%) of 123 samples
at a maximum level of 3.0 x 104 CFU/g (Becker and Tauscher, 2011). A Canadian survey of
151 samples of muskmelon detected E. coli in 1.3% of the fruit (Arthur ef al., 2007). These
findings are different from our current survey, in which this organism was not detected.
However, in a Spanish study (Abadias et a/, 2008), and a Norwegian study (Johannessen et al,
2002), no E. coli were detected in 21 fresh-cut fruit samples, and 154 strawberry samples,
respectively. Positive findings of E. coli noted could be attributed to contamination at different

levels of the farm-to-fork food chain, whereas in the surveys where E. coli was not detected,

consistent good manufacturing (GMPs) and hygiene practices are most likely in place.

In a German survey, Staphylococcus spp. were detected in 13% of samples at levels ranging
from 1 x 10%2to 2 x 103 CFU/g (Beckerand Tauscher, 2011). In the Indian study of Viswanathan
and Kaur (2001), S. aureus was detected in five mixed fruit samples, four pineapple samples,
and seven watermelon samples. In an Argentinian survey of 71 fruit salad samples from retail
shops (Estradaet al.,2013), S. aureus (CPS) was isolated from 11 (7.81%) of the samples, with
counts between 1.30-2.47 log;o CFU/g. These findings are different from our current survey, in
which this organism was not detected. Here too, the differences in the findings of CPS can be

attributed to GMPs being in place at the growing and manufacturing premises.

APC levels of pre-cut fruit samples ranged from 7.3 x 102to 1.6 x 1019 CFU/g in the German
survey (Beckerand Tauscher,2011). In the study by Viswanathanand Kaur (2001), APC levels
ranged from 1.5 x 108 — 7.3 x 108 for mixed fruit, 7 x 10°— 1.6 x 108 for pineapple, and 7 x 106
— 1.0 x 108 for watermelon. Seow et al. (2012) found that the APC of 42 fruit samples (apple,
mango, orange) from major supermarkets and local markets in Singapore ranged from 1.6 to

5.1 logjo. In the Argentinian survey of 71 artisanal fruit salad samples, the APCs were between
1.6-4.71og;o CFU/g (Estradaet al.,2013). In a Spanish study (Abadias etal.,2008), 21 freshcut
fruit samples were analysed, with APCs in the range of 2.0-7.1 log;o CFU/g. The APC levels
in our survey ranged from 3.6-8.9 log;o CFU/g. APC levels reflect the fruit type, the growing

environment, and the processing and handling facilities, in addition to the mix of ingredients
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in the product and time point in the shelf-life of the product when examined. Thus, variability
seen in the levels is not unusual. Even though our testing was performed on product close to
the retailers stipulated shelf-life date, we observed no clear association of APC count with the
presence of the pathogen L. monocytogenes, suggesting the former should not be used to mark
the microbial safety of fruit products, and represents a more general indicator of production

hygiene.

Most of the surveys reviewed (Althaus et al., 2012; Little and Mitchell 2004; Becker and
Tauscher, 2011; Seow et al., 2012; de Paula et al., 2009; Arthur et al., 2007; Estrada et al.,
2013; Abadias et al, 2008; Johannessen et al, 2002) reported no isolation of Sa/monella from
fruit salads or fresh cut fruit. Similarly, we detected no Salmonella spp. in any samples
examined in our survey. However, fruit salads/pre-cut fruit have been the vehicle for outbreaks
of' salmonellosis in the past, includingthree multistate outbreaks of Salmonella enterica serovar
Poona infection associated with eating cantaloupe from Mexico, in 2000-2002. (CDC, 2002).
Furthermore, the study by Viswanathan and Kaur (2001) on fruit samples in Mumbai, India,
detected the presence of Salmonella in three mixed fruit, four pineapple, and two watermelon
samples. Similarly, a Malaysian study (Pui et al., 2011) detected Salmonella in 23.3% of 210
sliced fruit samples from stalls and markets, with numbers ranging from 0-19 MPN/g. In a
survey conducted in Ireland from 2005-2009 (Duggan et al., 2012), Salmonella was detected
in one of 3477 (0.03%) samples in 2007. The New Zealand Sa/monella outbreak attributed to
the consumption of contaminated watermelon indicates this food-hazard combination remains

relevant here (McCallum et al., 2010).

Current FSANZ standards for the microbial food safety of ready-to-eat fruit and horticultural
products that do not receive bactericidal treatment before sale include the stipulation of a
refrigerated shelf-life of no greater than 5 days (FSANZ, 2014). In our study, the shelf-life of
ready-to-eat fruit salads in New Zealand (where stated on the labels of products examined in
this study: E. D’Sa, personal communication) ranged from 2 to 6 days when stored at 4°C. At
the highest value, the FSANZ standards are, strictly speaking, not complied with. We also
observed variance in the terms used by retailers to denote their products shelf-life; “use by”
and “bestbefore” terms were seen extensively, “expiry” seen on oneoccasion and in one brand,
a prepared fruittray possessed no labellingatall (Stephen On, pers. comm.). Current guidelines

for describing the shelf-life of foods stipulate that the term “use by” be employed for highly
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perishable foods thatmay pose a health risk if consumed beyond the label date (NZFSA, 2005).
Although this survey did not identify product that breached regulatory compliance or recover
pathogens that were linked to any contemporaneous disease outbreak, available data from this
study and overseas suggest that ready-to-eat fruit products can harbour certain microbial

pathogens, and that their shelf-life may best be denoted by the “use by’ descriptor rather than
the “best before” label.

S CONCLUSIONS

The present survey of fresh-cut fruit salads in New Zealand was the first of its kind in this
country and identified the pathogen L. monocytogenes in four of 75 samples of this category of
retail food, each containing melon varietals. The presence of related non-pathogenic Listeria
innocua in 10 of the 75 samples indicates a wider potential for such products to harbour a risk
of listeriosis infection. Conversely, Salmonella, E. coli and CPS were not detected in any of
the samples. These results could be used to increase awareness among producers and retailers
of fresh-cut fruit products of the potential for Listeria contamination in order to improve
controls for this environmentally widespread organism. A focus on controls for fresh-cut fruit
products containing melon may be prudent; the risk from fruit products with a pH < 4 seems

negligible, which correlates with the known growth properties of L. monocytogenes.

Microbiological surveys of similar fruit products reported in the international literature do not
always test for all organisms of significance. For example, enteric viruses including Hepatitis
E and Human Adenovirus have been found in berry fruit (Maunula et al. 2013). Many factors,
including geographical location (and associated climatic factors) and processing methods
significantly influence the presence of fruit-borne microbial pathogens. Each of the studies to
date (including the one described here) thus represents a time-bound snapshot of some, but not

all, microbial risks related to fruit. This report should be viewed in that context.

Variability in the terms used by producers to describe the shelf-life of consumer-ready fresh-
cut fruit product was observed. The data suggest that the shelf-life of ready-to-eat fresh-cut
fruit products should be described only by the “use by” term, with the standards that this

implies.
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