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ABSTRACT

The global demand for fresh produce has increased significantly due to healthier life styles and a growing
demand for ready-to-eat food. In this context, an increase of roughly 38% has been reported between 2003
and 2013 in fresh produce consumption. However, the fresh produce industries have also received negative
exposure due to associated foodborne related disease outbreaks linking on farm or packhouse practices with
contamination. Avocados are a versatile fruit and has become one of the most sought after traded commodi-
ties in the world due to its highly nutritious value, excellent taste, robust skin texture and extended shelf-life
under controlled export conditions. Overseas ripening rooms have also become a new marketing strategy to
ripen the fruit post transport and sell it at premium prices as ready-to-eat, thus making food safety assurance
along the supply chain even more important. This study was aimed at achieving a better understanding of the
microbial dynamics on the avocado fruit surface (carpoplane) and -pulp in the context of micro populations
and foodborne pathogens. Comparing the microbial dynamics of in-season and stored out-of-season fruit and,
determining the efficiency of fruit washings on reducing the microbial load on the carpoplane and in the fruit
pulp were investigated in this study. Conventional culture-based and molecular methods were used for the iso-
lation and detection of selected foodborne pathogens. The 3M™ molecular detection system was used for the
detection of Salmonella spp. and Listeria spp. Matrix assisted laser desorption ionisation time-of-flight mass
spectrometry was used for bacterial identification. In season, a decrease in viable microbial load on the car-
poplane after fruit washing and an increase in the microbial concentration in the fruit pulp after washing were
noted. An increase in the coliform concentrations on both the carpoplane and pulp following pre-processing
fruit washings were also observed. The presence of Escherichia coli decreased on both the carpoplane and fruit
pulp following pre-washing of the fruit, with E. coli isolated from 14.1% of the total number of fruit sampled
(n=170). Salmonella spp. presence accounted for 2.4% of the total number of samples processed while no
Listeria monocytogenes were isolated.
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INTRODUCTION

Avocado is cultivated throughout the world with Mex-
ico being the main producer (Affleck, 1986; Galindo-
Tovar et al., 2008). To put this in context, in 2014
Mexico produced an annual average of 1.5 million
tonnes of avocado representing 55% of the global
volumes but only export 38% of this to mainly the
USA (FAO, 2017). South Africa is a small player in
the global arena producing only 103 000 tonnes in
2014. However, production has since increased by
37% with the average tonnes being 38 000 tonnes
in 1993 compared to the 103 000 tonnes produced
during the 2014 season (Department of Agriculture,
Forestry and Fisheries, 2015). Of importance is that

the majority of the total crop is exported (51%) to
mainly the European market (FAO, 2017). Although
the South African avocado industry is primarily ex-
port-oriented, the local demand has consistently in-
creased over the last few decades (Department of
Agriculture, Forestry and Fisheries, 2015). Given the
total value of avocado exports are at R978 million,
a significant proportion is still processed in to high
value guacamole and oil (10%) (Department of Agri-
culture, Forestry and Fisheries, 2015).

Over the years, the avocado has become one of
the most economically important tropical fruit due
to its favourable taste and nutritional composition
(Donkin, 2007; Ernst, 2015). Thus, the avocado is
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known for its health benefits and is recognised as
a fruit that is high in monosaturated fats, has high
levels of vitamins and minerals, high concentrations
of dietary fibres and anti-oxidants, all of which plays
an essential part of a healthy, balanced diet (Donkin,
2007). Due to healthy lifestyles, society has become
more aware of fresh, healthy, convenient and addi-
tive free foods, leading to increased growth in the
demand for fresh produce (Boxstael et al., 2013).
Over the last few decades an increasing number of
foodborne disease outbreaks have been recorded
that has been linked to fresh produce consumption.
Fresh produce has since been described as potential
transmission vehicles for foodborne pathogens (Beu-
chat, 2002; Gomba et al., 2016; Kotzekidou, 2013).

Foodborne pathogens are a major public health
concern in both developed and developing countries
due to the severity of resultant food related disease
outbreaks, illnesses and high mortality rates asso-
ciated with the consumption of contaminated food
(Boxstael et al., 2013). Food safety has therefore
been identified at domestic, regional and internation-
al levels as a public health priority and potential trade
barrier. Key global food safety concerns include the
spread of microbiological hazards (including bacteria
such as Salmonella spp. Listeria spp. or Escherichia
coli) and a voluntary implementation of strict food
safety systems is thus required in most countries to
ensure safe food.

Microbial biomes represent a complex ecosystem
that reflect the dynamic interactions of microorgan-
isms in different habitats being influenced by envi-
ronmental conditions (International Society for Mi-
crobial Ecology, 2013). Determining the microbiome
of fresh produce will therefore contribute towards
improved understanding of the persistence of human
pathogens within the agricultural environment (Te-
lias et al., 2011; Ottesen et al., 2013). The microbial
ecology of fresh avocado fruit thus remains poorly
understood (Ottesen et al., 2013).

Several studies indicated that enteric pathogens
have been detected on fresh produce (Beuchat, 2002;
Lindow and Brandl, 2003). Salmonella enterica, E. coli
and Pseudomonas syringe have the ability to colonise
a wide variety of fresh produce and is not limited to a
specific plant type (Beuchat, 2002; Brandl and Man-
drell, 2002; Lindow and Brandl, 2003). Duvenage
et al. (2016) isolated several bacterial families from
the pear carpoplane, which included Enterobacte-
riaceae, Microbacteriaceae, Pseudomonadaceae
and Bacillaceae and Gomba et al. (2016) reported
Proteobacteria, Actinobacteria, Bacteroidetes and
Deinoccoccus phyla on the citrus carpoplane. Ac-
cording to our knowledge, we are not aware of any
studies that described the natural microbiota of the
avocado carpoplane.

The objective of this study was to identify the nat-
ural microbiota of the washed and unwashed avo-
cado fruit and determine the prevalence of foodborne
pathogens associated with the avocado fruit, Persea
americana Mill.
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MATERIALS AND METHODS

Sampling site

Avocado fruit were collected from a Food Safety Sys-
tem Certification (FSSC) 22000 certified processing
facility in Gauteng, South Africa.

Sample collection

Hass and Fuerte avocado fruit were collected at
receival and again after the oxiacid washing at the
processing facility for two consecutive seasons (2016
and 2017).

Food safety sample processing

Avocado fruit surface

Individual avocado samples (two avocados each)
were submerged in 500 mL Ringer’s solution contain-
ing 0.02% Tween 80 (Associated Chemical Enterpris-
es, Johannesburg, South Africa). The samples were
sonicated for 5 min using an ultrasonic bath (Eumax,
Labotec, Johannesburg, South Africa), this process
assists with the detachment of all microbes from
the avocado fruit surfaces. Volume displacement
(vd) was documented for each of the samples and
converted to area (cm?) using the following equa-
tion (A = 4.84 [(vd) 1/3]? (De Jager, 1999; Collignon
and Korsten, 2010). After sonication, the liquid from
the samples were filtered using a 2 pm sterile nitro-
cellulose membrane (Sartorius Stedim, Biotech, Ger-
many). The filters were aseptically cut into smaller
pieces, added to a 9 mL sterilised peptone buffered
water solution (Biolab Diagnostics, Johannesburg).
Tenfold serial dilutions were prepared from the sam-
ples in PBW and total bacterial counts, Enterobacte-
riaceae and hygiene indicator bacteria counts were
determined using standard microbiological analysis.
The samples in BPW were enriched by incubating the
samples at 37°C for 24 hrs. E. coli was isolated by
streaking a loopful of each of the samples onto Eosin
Methylene Blue (EMB) agar. Bacterial counts were re-
corded and data was converted to log (x+1) cfu/g for
avocado pulp samples and log cfu/cm? for avocado
surface samples.

Avocado pulp

Twenty-five grams of the avocado pulp was weighed
in a sterile stomacher bag, mixed with 225 mL of
3M™ Peptone Buffered Water (PBW) and homoge-
nized for 30 seconds using a stomacher (400 Cir-
culator, Steward Stomacher, England). Tenfold serial
dilutions were prepared from the homogenized
samples in PBW and bacterial counts determined as
described above. The homogenized samples in BPW
were enriched by incubating the samples at 37°C for
24 hrs. E. coli was isolated by streaking a loopful of
each of the samples onto Eosin Methylene Blue (EMB)
agar. Bacterial counts were recorded and data was
converted to log (x+1) cfu/g for avocado pulp samples
and log cfu/cm? for avocado surface samples.

3M™ MDS Salmonella spp.
The 3M™ molecular detection system (3M, Johannes-
burg) was used for the detection of Salmonella spp.
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in the enriched PBW samples as
per manufacturer’s instructions
and described by Abirami et al.
(2016). Salmonella was isolated
from samples that tested posi-
tive by streaking a loopful of the
enriched PBW onto selective chro-
mogenic agar.

3M™ MDS Listeria spp.

After 24 = 2h incubation in a 3M™
PBW pre-enrichments, 1ml were
transferred to a supplemented
3M™ modified Listeria recovery
broth and incubated for an addi-
tional 24 £ 2 h at 37°C. The 3M™
MDS system was used for detec-
tion of Listeria spp. in the samples
as per manufacturer’s instruc-
tions. The positive samples were
cultured using selective chromo-
genic media for purification and
bacterial identification purposes.

Bacterial identification
Bacterial isolates

A single pure bacterial colony
was placed on a MALDI-TOF MTX
96 target plate (Bruker Daltonik
GmbH); all isolates were done in
duplicate.

Mass spectrometry
Measurements were performed us-
ing the Microflex mass spectrom-
eter (Bruker Daltonik) equipped
with Bruker’s smart beam solid-
state lifetime laser technology.

Criteria for isolate
identification

MALDI-TOF analysis, modified
score values were used as pro-
posed by the manufacturer: a
score higher than 1.9 indicated
species identification, a score of
between 1.7- 1.9 indicated genus
identification, and a score below
1.7 indicated no identification. An
isolate was considered correctly
identified by MALDI-TOF mass
spectrometry if the score was
above 2, a score of above 1.9 in-
dicated species identification and
a score above 1.7 indicated genus
identification.

Bacterial characterisation

DNA was extracted from each of
the bacterial isolates using Quick-
gDNA™ MiniPrep DNA isolation
kit following the manufacturer’s
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instructions. Bacterial characterisation will further be subjected to a mul-
tiplex Polymerase Chain Reaction (m-PCR) as described by Omar and
Barnard (2010) and multilocus sequencing typing (MLST).

Statistical Analysis

Statistical analysis was performed on log CFU/cm? avocado surface
counts and log CFU/g avocado pulp counts. Data were subjected to an
appropriate analysis of variance (ANOVA).

RESULTS
The ANOVA results indicated that there was a significant interaction
between season and treatment types for total bacterial counts on the
carpoplane; however, Enterobacteriaceae and coliform counts were only
significant with the season illustrated in figure 1. The results obtained
for the avocado pulp indicated that there was no significance between
seasons and treatment types. However, the Enterobacteriaceae and coli-
form results for the pulp indicated a significant interaction between sea-
sons and treatment types, respectively. The results obtained during the
avocado season indicated a decrease in microbial load on the carpoplane
after washing of the fruit, although an increase in the microbial load
was observed in the fruit pulp after washing illustrated in figure 1. Total
bacterial counts on surface were significantly higher out of season when
compared to in season for washed and unwashed avocado. Total bacteria
counts on the surface were significantly higher on unwashed fruit when
compared to washed fruit. Total bacterial counts out of season were
significantly higher than counts in season on washed fruit, which were
significantly higher, than in season unwashed. These results indicate that
the wash water might potentially contribute to the increased microbial
load. Previous studies reported an increase in bacterial populations on
the pear carpoplane following drenching (Duvenage et al., 2016).
Detection of E. coli decreased in both the carpoplane and fruit pulp
after washing of the fruit. Escherichia coli isolated accounted for 14.1%
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Figure 1. Total bacterial populations on the avocado carpoplane.
Error bars on bar graphs indicate the SD. Graph bars with the same let-
ter represent no significant difference at the 0.0030 significance level.

LSD,_, 4030 Dar represents the least significant difference.
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(n=170) of total nhumber of samples, equally isolat-
ed from both surface and pulp samples. Escherichia
coli were more frequently isolated from samples be-
fore washing than after washing and accounted for
7.6% of the total 14.1%. A study on ready-to-eat
salads, containing avocado, reported contamination
with faecal coliforms and E. coli (Castro-Rosas et al.,
2013). Salmonella spp. detected accounted for 2.4%
of the total number of samples (n=170). Salmonella
spp.were isolated from the avocado pulp, with avoca-
do pulp before washing resulting in 1.2% of the total
2.4% isolated. A study by Gomba et al. (2016) indi-
cated that Salmonella is part of the natural microbiota
of the orange carpoplane. Listeria monocytogenes
was not isolated from any of the samples tested.

DISCUSSION
A decrease in microbial load on the washed avocado
surface was observed during the season, in contrast
the microbial load in the fruit pulp decreased after
washing. Thus far, pathogen detection indicated the
presence of Salmonella spp. and E. coli associated
with the avocado fruit. Future work will include avo-
cado microbiome analysis, characterisation of E. coli
isolates using multiplex PCR in order to determine the
prevalence of virulence genes (stx1, stx2 and eaeA).
(Omar and Barnard, 2010) and Salmonella characteri-
sation using multilocus sequence typing technology.
In conclusion, in season a decrease in microbial
load on the cultural carpoplane after washing of the
fruit, and an increase in the microbial concentration
was observed in the fruit pulp after pre-processing
washing. An increase in the coliform concentrations
on both the carpoplane and pulp following pre-pro-
cessing fruit washing was observed. The presence
of E. coli decreased in both the carpoplane and fruit
pulp following pre-washing of the fruit, with E. coli
was isolated from 14.1% of total number of samples.
Salmonella spp. presence accounted for 2.4% of the
total number of samples. No Listeria monocytogenes
were isolated.
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