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Abstract

Background and Objective: Microorganisms can colonize or contaminate fruits and vegetables at virtually any point during production,
distribution, processing, packaging or food preparation. Microbial contamination of fruits and vegetables can cause food spoilage and
human infections. This study was undertaken to collect, isolate and identify commonly occurring food spoilage microorganisms from
a wide variety of fresh, direct-market fruits and vegetable in Southern Alberta and to test for the presence of the food-borne pathogen
Listeria monocytogeneson afew representative farm operation surfaces. Methodology: The naturally-occurring microorganisms present
on produce were amplified by incubation in humid chambers. Microorganism cultures were obtained by aseptically isolating from produce
surfaces and sub-culturing on agar petri dishes. Results: Approximately 950 microbial isolates, both bacteria and fungi were collected
from fresh produce. Identities of 80 selected isolates were confirmed using molecular analysis. A number of well-known plant
pathogenic taxa were identified along with a few species that have not previously been reported to act as spoilage organisms, namely
[saria farinosus, Stenotrophomonas maltophifia, Rahnella aquatilis and Acinetobacter calcoaceticus (syn. Micrococcus calcoaceticus).
Listeria monocytogenes was not detected at any of the Southern Alberta farms sampled. Conclusion: These results indicate that a wide
array of microorganisms are capable of causing food spoilage and some have not yet been documented or characterized.

Key words: Food spoilage, post-harvest, fresh produce, food safety, microbial communities
Received: March 10,2016 Accepted: June 20,2016 Published: December 15,2016

Citation: M.W.Harding, N.Butler, W.Dmytriw, S.Rajput, D.A.Burke and R.J.Howard, 2017. Characterization of microorganisms from fresh producein alberta,
Canada reveals novel food-spoilage fungi. Res. J. Microbiol., 12: 20-32.

Corresponding Author: M.W.Harding, Crop Diversification Centre South, Alberta Agriculture and Rural Development, 301 Horticultural Station Road East,
Brooks, AB, T1R 1E6, Canada Tel: (403) 362-1338 Fax: (403) 362-1326

Copyright: ©2017 MW.Harding eta/. Thisisan openaccess article distributed under the terms of the creative commons attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited.

Competing Interest: The authors have declared that no competing interest exists.

Data Availability: All relevant data are within the paper and its supporting information files.


http://crossmark.crossref.org/dialog/?doi=10.3923/jm.2017.20.32&domain=pdf&date_stamp=2016-12-15

Res. J. Microbiol, 12 (1): 20-32, 2017

INTRODUCTION

Large diverse communities of microorganisms can
contaminate fruits and vegetables at any point throughout
the production system from farm to fork. The size and diversity
of these microbial communities are influenced by the plant,
from which the produce originated' the operational
production and handling systems for fresh produce, the
storage conditions? and the interplay between pathogenic
and non-pathogenic microorganisms within the community'3,
The rate of food spoilage will be governed in part by
respiration rates and autolytic processes within the plant
tissues. External factors, such as environmental conditions,
activities of spoilage microflora and the resulting will also
affect the shelf life of fresh produce. Microflora on fresh
produce are a major factor in spoilage, but can also impact
gastrointestinal health of consumers** and may present risks
of food-borne human illness. Therefore, two major problems
can be ascribed to microbial contamination of fruits and
vegetables, namely post-harvest food spoilage and human
infections caused by pathogenic bacteria, viruses or
parasites*5, Ingestion of food containing non-pathogenic
microorganisms can also affect microflora of the human gut
by impairing function leading to poor gastrointestinal health
or result in immune reactions and development of allergies’.
Thus, characterizing the microbial communities associated
with fresh produce is important to understand food
preservation methods and impacts for food safety, especially
in cases, where produce are ingested without cooking or
end-user processing to inactivate or eradicate them.

A number of studies have been done to characterize the
microbial communities associated with fresh produce'381,
These studies have revealed that microorganisms from diverse
taxa are present on surfaces of fruits and vegetables. For
example, Leff and Fierer? identified hundreds of families of
bacteria from 5 different phyla (Actinobacteria, Bacteriodetes,
Firmicutes, Protobacteria and TM7) on 7 different types of
produce using barcoded pyrosequencing of the 16S rRNA
gene. However, these studies did not characterize the food
spoilage potential of each culturableisolate by fulfilling Koch's
postulates.

Another important element of microbial colonization
of food surfaces is their tendency to grow within
extracellular polymeric substances as part of structured,
surface-associated communities called biofilms'®2%, The
microorganisms that cause spoilage are no exception and are
capable of forming biofilms'. The significance of the
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extracellular matrix produced by microbesis that it may afford
protected sites for food-borne pathogens, including bacteria,
viruses and parasites that cause diseases in humans. The
biofilm matrix is thought to aid in their attachment,
colonization and survival®'4, Considering the importance of
microbial biofilms in plant disease and food spoilage,
characterizations of biofilms on the surfaces of plants,
including fruits and vegetables are limited'>?>%, It is assumed
that all spoilage microorganisms form robust biofilms on the
surfaces of the plant tissues they colonize, but in most cases,
this has not been documented. Furthermore, if biofilms
are formed on surfaces of fruits and vegetables by
non-pathogenic or food-spoilage microflora, it is not known
to what extent these biofilms actually reduce food safety by
harbouring food-borne pathogens.

Here, it is reported the collection, isolation and
identification of food spoilage microorganisms from surfaces
of fresh produce obtained from farmer’s markets in Southern
Alberta. Koch’s postulates were used to determine, which of
theisolates were capable of causing spoilage. Visualizations of
aggregates or biofilms, formed by microorganisms on produce
surfaces were obtained via scanning electron microscopy.
Testing for the presence of Listeria monocytogenes’®
on operational farm surfaces was also performed. This
pathogen was selected because it is a commonly occurring
food-borne pathogen onfresh produce. Additionally, another
concurrent survey of fresh produce was underway that
tested for the presence of the other major food-borne
pathogens £ colj Salmonella  spp., £ coli O157:H7,
Campylobacter spp.and Cryptosporidium spp.%.

MATERIALS AND METHODS

Sampling of fresh fruits and vegetables: Ten farmers
markets in nine different municipalities (Cardston County,
County of Newell, County of stettler, Cypress County,
Lethbridge County, Municipal district of Taber, Red deer
County, Special area No. 3, Starland County) in Southern
Alberta were visited (Fig. 1). The type of produce obtained was
dependent upon seasonality and availability, but focussed on
the sampling of carrots, lettuce, onions, spinach, tomatoes
and strawberries. Each of the 10 markets were visisted twice
during the marketing season. Produce was collected in the
same condition as vendors sold to all customers and
immediately stored in separate containers to avoid
cross-contamination of surface-associated microorganisms
during handling and storage. Samples were returned to
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Fig. 1: A map of the Southern half of Alberta marking
locations of farms and farmer’s markets, where fresh
produce samples were collected in 2007, 1: Cardston
County, 2: Lethbridge County, 3: Municipal district
of Taber, 4: Cypress County, 5: County of Newell,
6: Special area No. 3, 7: Starland County, 8-9: Red deer
County and 10: County of Stettler. Environmental
sampling collection sites were located at farms in
2: Lethbridge County, 3: M.D. of Taber, 5: County of
Newell, 8-9: Red deer County and 10: County of
stettler

the laboratory in coolers packed with ice and stored at
5°C for 1-6 days until isolations were performed. In total,
26 vegetables (Brussels sprouts, beans, beets, broccoli,
cabbage, carrot, cauliflower, celery, corn, cucumber, garlic,
green onion, leeks, lettuce, onion, parsnip, peas, peppers,
potato, pumpkin, radish, spinach, squash, tomato, turnip and
zucchini) and 7 fruits (black currant, cantaloupe, raspberry,
sour cherry, saskatoon berry, strawberry and watermelon)
were collected.

Environmental sampling of vegetable farms: Five farms
were visited and environmental sampling performed (Fig. 1).
Environmental sampling at the five farms was performed
once. Samples at each site were collected from various zones
(grading, packaging, storage and loading) on air-exposed agar
petri dishes by removing the lids and exposing to the air for
20-25 min. Sampling sites were selected based on 3 criteria,
(1) Site within the zone with the greatest amount of foot or
vehicle traffic, (2) Site within the zone, where produce makes
direct contact (or nearest surface to direct contact), (3) Site
within the zone with abundant air ciruculation. All growth
media used were Acumedia (Acumedia Manufacturers Inc.,
Lansing, MI) brand unless otherwise indicated. One Nutrient
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Agar (NA) and one Potato Dextrose Agar (PDA) dish were
exposed in each farm zone sampled. After exposure, the lids
were replaced and dishes were stored at room temperature
(20-22°C)foratleast 3 days or until sufficient microbial growth
was presentto allow sub-culturing of individual colonies. Each
isolate was aseptically transferred to fresh agar until purified
cultures were obtained. Each isolate was then transferred to
agar slants for storage at 5°C.

Samples were also collected from hard surfaces using
(Qualicum Scientific Ltd.,
Nepean, ON). Surfaces of production, handling, grading and
packaging equipment, as well as storage and transportation
surfaces were sampled as follows, the seal on the sample bag

pre-hydrated sterile sponges

was broken and the pre-hydrated, sterile sponge removed. An
area of at least 1 m? was firmly wiped and the sponge was
immediately returned to the sample bag, labelled and stored
in a cooler on ice or at 5°C, until microbial isolations were
performed. Wiping was performed in duplicate. For recovery
of microorganisms, the 1st set of sponges were covered in
approximately 20 mL sterile phosphate-buffered saline and
then aseptically hand massaged for 2 min after, which a
sample of the liquid was streaked undiluted onto NA and
PDA using a sterile loop. Inoculated agar plates were
incubated atroom temperature (20-22°C) for atleast 3 days or
until microbial growth was present and sub-culturing for
isolation could be done. Each isolate was then transferred to
agar slants for storage at 5°C.

The 2nd set of environmental sponges was tested for
the presence of Listeria monocytogenes. Detection of
L. monocytogenes in the environmental samples were
performed as follows: To each sponge, 100 mL of demi-fraser
broth was added and stomached for 30 sec. The homogenized
samples were incubated at 30°Cfor 24 h. Afterincubation, the
samples were mixed and 0.1 mL was transferred to 9.9 mL of
MOPS-buffered Listeria enrichment broth. The inoculated
broths were incubated at 35°C for 22 h. Positive, negative
and sterility controls were included with each batch of
samples tested. The enriched samples were tested using the
BAX® System PCR assay (Du Pont Qualicon, Germany). Briefly,
5 uL of the enriched sample was transferred to lysis buffer,
which was subsequently heated to 55°C for 60 min and
then 95°C for 10 min. The lysate was then cooled and
50 pL transferred to a PCR reaction tube (BAX® system PCR
assay for Listeria monocytogenes-D11000157). Theinoculated
reaction tubes were loaded in the BAX® system cycler/detector
and the cycle run was performed as per the manufacturer’s
recommendations.
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Isolation of microorganisms from produce: All media used
were Acumedia (Acumedia Manufacturers Inc., Lansing, MI)
brand unless otherwise indicated. Humid chambers were
prepared for each sample by placing non-sterile paper
towels, 2-3 layers thick, moistened with tap water, in clean
clear 8-10 Ib plastic bags. Each sample were placed inside
individual humid chambers, which were filled with air using a
hand-held air pump and sealed with an elastic band. This
was done to encourage or accelerate the growth of
microorganisms on the samples. Humid chamber preparations
were done inside a biosafety cabinet to prevent
contamination or release of microorganisms. Moist chambers
were incubated at room temperature (20-22°C) and
maintained 85 to near-100% relative humidity. Produce
samples were removed from humid chambers when spoilage
was visible on the sample, ranging from 2-14 days incubation
depending on the sample. Microorganisms visible on the
decaying produce were aseptically transferred to agar plates.
Suspected bacterial (non-filamentous) growth was plated on
NA and suspected fungal growth (filamentous) was plated to
PDA. Isolates were sub-cultured until pure and transferred to
agar slants for storage at 5°C.

The bacterial isolates were grouped based on colony
appearance and the fungal isolates were grouped based on
colony appearance and spore morphology. One or more
representative isolate(s) from each category were selected for
DNA extraction, PCR amplification and sequencing.

Bacterial genomic DNA extraction and amplification: One
milliliter suspensions from each of 40 fresh cultures of isolated
colonies were made in sterile deionized water (DI water) and
used for DNA extraction using Qiagen’s DNeasy Blood and
Tissue Kit (Cat# 69504) following manufacturer’s protocols
optimized for bacteria. Genomic DNA elution from the final
spin column was eluted with 100 uL sterile DI water instead
of manufacturer’'s buffer to enhance sequence analysis.
Quality and quantity of DNA were evaluated and adjusted
by absorbance spectroscopy at 260 and 280 nm
(NanoDrop Instruments).

Polymerase Chain Reaction (PCR) amplification of the 16S
rDNA gene region was done using one of two primer sets: (1)
P16S F/R primers P16SF, 5'-AGA GTT TGA TCC TGG CTC AG-3',
P16SR, 5-GGT TACCTTGTTACGACTT-3*°and (2) 264F/1078R
primers 264F, 5'-GAT GAT CAG CCACATTGG GAC-3’; 1078R, 5™-
CCC AAC ATC TCA CGA CAC GAG-3®'. These primer sets
amplified 1.5 kb (P 16S) and ~750 bp (264F/1078R) fragments
by PCR done in a 50 pL volume containing 5 pL 10x reaction
buffer, 2.5 uL MgCl, (25 mM), 1 yL TAQ DNA  polymerase
recombinant (Cat# 10342020, Invitrogen), 35.5 plL sterile
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DI water, 1 uL dNTP’s (25 uM), 2 uL each primer (10 pmol)
and 1 pL genomic DNA (1-50 ng uL="). Conditions for
PCR amplification were: 5 min at 95°C, followed by 35 cycles
of 45 sec at 94°C, 45 sec at 55°C and 45 sec at 72°C and
ending with 5 min at 72°C. After PCR amplification, 5 uL of
product was separated in a 1% agarose gel in 1 X tris-acetate-
EDTA (TAE) buffer. Bands corresponding to each primer set
were cut out and gel extracted using the Qiagen QlAquick Gel
Extraction Kit (Ca# 28704). Final DNA elution was in 35 uL
sterile DI water. Gel-extracted products were prepared for
sequencing by aliquoting 11 pL of each product into two
separate 0.5 mL PCR strip tubes and adding 1 pL of forward
primer (3 pmol) to one tube and 1 uL of reverse primer
(3 pmol) to the other. Products were sent to the University of
Calgary, University Core DNA services for sequencing.

Fungal genomic DNA extraction and sequencing: The DNA
extraction procedure described here is based on a method
previously developed by Dr. Kim Kenward with modifications
(K.Kenward, 2007, personal communication). Fresh cultures of
fungal tissue and cells were prepared for DNA extraction by
washing with sterile DI water to remove media and exposure
to-20°Covernight toimprove DNA recovery. Five milliliters of
fungal extraction buffer (100 mM tris, 10 mM EDTA, 1% v/v
SDS, pH 8.0) and 5% v/v of 20% PEG 8000 was added to each
sample, vortexed for 20 sec and incubated at 65°C for 1 h.
After incubation, each fungal sample were vortexed and
transferred to a 15 mL phase lock gel light™ tube
(Cati#2302840). Extraction was performed in an equal volume
of phenol : chloroform (1:1), gently inverted 30 times and
centrifuged for 5 min at 1500Xg. This step was repeated
twice. Next, 1 volume of chloroform: isoamyl alcohol
(24:1) was added to aqueous phase, gently inverted 30 times
and centrifuged as before. The aqueous phase was
decanted into new 15 mL centrifuge tubes with 0.1 volume of
3 M sodium acetate and 0.7 volume of cold 100% isopropanol
added to each tube followed by mixing. Extract was left at
room temperature for at least 5 min and then centrifuged at
14,000Xg for 5 min to pellet DNA. After decanting
supernatant, DNA pellet was rinsed with 70% ethanol and
centrifuged at 14,000 X g for 1 min. Ethanol supernatant was
decanted and pellet was allowed to dry for 2 h. Up to 400 pL
of 1xTE (10 mM tris-HCL, 10 mM EDTA, pH 8.0) at 65°C was
used toresuspend each DNA pellet. Lastly, RNase Awasadded
to each tube at a concentration of 0.1 ug/100 pL DNA. Quality
and quantity of DNA were evaluated and adjusted by
absorbance spectroscopy at 260 and 280 nm (NanoDrop
Instruments).
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The PCR amplification of a housekeeping gene region,
B-tubulin was done using the primer set benA-T1 F (5'-ACC
ATG CGT GAG ATT GTA AGT-3') and benA-T2 R (5- TAG TGA
CCC TTG GCC CAG-3’). This primer set amplified a 600 bp
fragment by PCR in a 60 pL volume containing 6 pL
10X reaction buffer, 3 uL MgCl, (25 mM), 1.2 uL TAQ DNA
polymerase recombinant (Cat# 10342020, Invitrogen),41.1 pL
sterile DI water, 1.2 yL dNTP’s (25 uM), 2.4 uL each primer
(10 pmol) and 2.4 L genomic DNA (1-50 ng uL="). Conditions
for PCR amplification were: 9 min at 95°C, followed by
35 cycles of 1 min at 95°C, T min at 55°Cand 1 min at
72°Cand ending with 7 min at 72°C. After PCR amplification,
5 pL of product were separated in a 1.2% agarose gel in
1x tris-acetate-EDTA (TAE) buffer. The ~600 bp band was cut
out and gel extracted using the Qiagen QlAquick Gel
Extraction Kit (Ca# 28704). Final DNA elution was in
35 L sterile DI water. Gel-extracted product was prepared for
sequencing by aliquoting 10 L of product into two separate
0.5 mL PCR strip tubes and preparing aliquots of F/R primers
(20 uM, enough volume for 5 pL per sample). Products were
sent to McGill University (Genome Quebec Innovation Centre)
for sequencing.

Sequence analysis: Forward and reverse nucleotide
sequences were edited, assembled and aligned using
Sequencher 4.8 software to obtain high-quality consensus
sequences. Consensus sequence homologies were compared
to those referenced in the NCBI database [http://blast.ncbi.
nlm.nih.gov/Blast,3? by using nucleotide (nr/nt) BLASTN search
(2.2.17, database of August, 2007) using default parameters.

Fulfilling of Koch’s postulates: All media used were
Acumedia (Acumedia Manufacturers Inc., Lansing, MI) brand
unless otherwise indicated. Fresh produce was purchased
from local grocery stores and surface sterilized. The produce
was heat-sensitive and therefore, needed to be surface
sterilized without heat. Mixtures of hypochlorite and alcohol
have been reported to be useful for disinfecting heat-sensitive
objects®. A 1:1 solution of 1% bleach and 95% ethanol was
prepared in a fume hood and the produce samples were
immersed for 30 min and then rinsed 3 times in sterile distilled
water. Each bacterial isolate were grown on NA and colonies
transferred with a sterile loop to 3 mL of sterile distilled water
and thoroughly suspended. Transfer and suspension of the
bacterium continued until the turbidity visually matched a
0.5 McFarland standard. For fungal isolates, 0.5 cm?diameter
plugs were aseptically collected from the perimeter of an
actively growing colony on PDA. The surface-sterilized
produce was then wounded by cutting with a sterile scalpel
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and inoculated with either 250 pL of bacterial inoculum or
one 0.5 cm?fungal plug. Bacteria and fungi were inoculated to
produce from which they were originally isolated. Inoculated
tissues were placed separately into humid chambers as
previously described. Wounding, inoculation and humid
chamber set-up were done inside a biosafety cabinet to avoid
contamination or release. Humid chambers were incubated at
room temperature for 2-14 days depending on the rate of
spoilage. When spoilage and/or microbial growth was present
on samples in humid chambers, bacteria and fungi were
aseptically excised from plant tissues and plated to NA or PDA.
Identification of bacteria was done using colony morphology,
cell morphology and Gram’s stain results. Fungi were
identified using colony and spore morphologies.

Scanning electron microscopy: All samples were prepared
for SEM using chemical fixation. Briefly, colonized plant tissues
were excised with a scalpel, placed in a 7 mL scintillation vial
containing primary fixative [3% glutaraldehyde (Electron
microscopy sciences, USA)+1.6% paraformaldehyde (Electron
microscopy sciences, USA) in 0.1 M Na cacodylate buffer
pH = 7.5 (Electron microscopy sciences, USA)]. About
2-5 mL of primary fixative or enough to completely immerse
all tissues was used. Vials were capped and incubated at room
temperatureinafume hood for at least 2 h. Fixed tissues were
rinsed 3 times (15 min each) in 0.1 M Na cacodylate buffer
(Electron microscopy sciences, USA). After rinsing, 1-3 mL (or
just enough to cover plant tissues) of 1% osmium tetroxide
(Electron microscopy sciences, USA) were added to each vial.
Samples in osmium tetroxide were incubated in a fume hood
at room temperature for at least 1 h. Rinsing with buffer was
repeated (as above) and samples were dehydrated through a
graded ethanol (Fisher scientific, Canada) series with 10 min
rinses each in ethanol at concentrations of 35, 50, 70, 85 and
95% and two rinses in absolute ethanol). If samples were
stored overnight they were immersed in 35% EtOH and
keptat 4°C prior to transfer through the dehydration series.
Alternatively, samples were air-dried for 24 h in an un-capped
vial in a fume hood. All samples were critical point dried,
mounted onto aluminum stubs, sputter coated with gold and
scanned using a Philips C-60 ESEM.

RESULTS

Bacteria and fungi isolated from produce and
environmental sampling of farms: A total of 26 types of
vegetables and 7 types of fruits were collected and tested
(Table 1). Additionally, five farms were visited and
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Table 1: Summary of bacterial and fungal isolates collected in Southern Alberta from 33 types of locally-produced fresh fruit and vegetables and two types of

environmental sampling

Sources Bacteria Fungi Total
Bean (Phaseolus vulgaris L.) 11 12 23
Beet (Beta vulgaris L. 6 15 21
Black currant (Ribes nigrum L.) 1 2 3
Broccoli (Brassica oleracea ltalica) 11 13 24
Brussels sprouts (Brassica oleracea Gemmifera) 8 5 13
Cabbage (Brassica oleracea L.var capitata L.f. alba DC.) 18 19 37
Cantaloupe (Cucumis melovar. cantalupensis Naudin) 8 9 17
Carrot [Daucus carota subsp. sativus (Hoffm.) Schubl. and G. Martens] 51 28 79
Cauliflower (Brassica oleracea Botrytis) 9 11 20
Celery [Apium gravolens var. dulce (Mill.) Pers.] 6 4 10
Corn (Zea mays subsp. mays L.) 5 3 8
Cucumber (Cucumis sativus L.) 17 11 28
Garlic (Allium sativum L.) 4 8 12
Green onion (Allium fistulosum L.) 9 13 22
Leek (Allium ampeloprasum L. 2 0 2
Lettuce (Lactuca sativa L.) 8 6 14
Onion (Allium cepum L. 33 48 81
Parsnip (Pastinaca sativa L.) 5 3 8
Pea (Pisum sativum L.) 8 5 13
Bell pepper (Capsicum anuum L.) 10 1 21
Potato (Solanum tuberosum L.) 5 13 18
Pumpkin (Cucurbita pepo var. pepo L.) 10 6 16
Radish (Raphanus sativus L. 6 4 10
Raspberry (Rubus idaeus L.) 1 1 2
Saskatoon berry [Amelanchier alnifolia (Nutt.) Nutt.] 2 0 2
Spinach (Spinacia oleracea L.) 7 4 11
Sour cherry (Prunus cerasus L.) 2 2 4
Strawberry (Fragaria x ananassa Duchesne) 10 6 16
Squash (Curcurbita spp.) 36 26 62
Tomato (Lycopersicon esculentum L. 39 37 76
Turnip (Brassica rapavar. rapa L.) 14 21
Watermelon [Citrullus lanatus var. lanatus (Thunb.) Matsum and Nakai] 4 8
Zucchini (Curcurbita pepo var. cylindrical L.) 20 8 28
Environment (air) 48 47 95
Environment (surface) 81 55 136
Total 515 446 961

environmental samples from surfaces and air were collected
and tested as well. Culturing and isolation of microorganisms
from the produce and environment samples yielded a total of
515 bacterial isolates and 446 fungal isolates (Table 1). The
greatest numberof isolates came from the environmental
sampling of hard surfaces (n 136) and from air
(n = 95) followed by onion (n =81), carrot (n=79), tomato
(n =76), squash (n = 62) and cabbage (n = 37). Numbers of
isolates collected from the remaining vegetable and fruit
commodities are shown in Table 1.

Of the 40 bacterial isolates for which the 165 rRNA region
was sequenced, 18 different genera from 14 different sources
were revealed (Table 2). The most commonly occurring genus
was Pantoea with 7 isolates obtained from 6 sources. Other
commonly occurring genera included Serratia, Bacillus and
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Pseudomonas. Most of the bacterial isolates identified were
recovered from tomato. Of the 40 fungal isolates evaluated,
the genetic sequence data (B-tubulin and/or EF-Ta genes)
for only 25 was of adequate quality to confirm identity,
revealing 12 genera from 11 different sources (Table 3).
Almost all the fungal isolates were from well-known genera
and commonly found on plants and food with, such as
Penicillium with 8 isolates from 6 sources and Fusarium with
5 isolates from 3 sources. Most of the fungi identified were
recovered from onion and tomato followed by carrot and
squash.

Fulfilling Koch’s postulates: The isolates of bacteria and
fungi identified to species were tested to see if they could
cause spoilage when inoculated onto surface-sterilized,
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Table 2: Bacterial genera recovered from produce or environmental testing of

Table 3: Fungal genera recovered from produce or environmental testing of

farms from 9 counties in Southern Alberta farms
Bacterial genus Sources Municipality *Fungal genus Sources Municipality
Acinetobacter Cantaloupe Lethbridge County Alternaria Beans Special area No. 3
Squash County of Newell Aspergillus Green onions Lethbridge County
Agrobacterium Carrot Municipal district of Taber Air plate County of stettler
Arthrobacter Air plate Municipal district of Taber Botryotinia Environmental swab Lethbridge County
Air plate County of stettler Cercophora Air plate Lethbridge County
Bacillus Green onion Cardston County Cladosporium Beans Cypress County
Environmental swab Lethbridge County Fusarium Broccoli County of Newell
Air plate Municipal district of Taber Broccoli Red deer County
Air plate County of stettler Carrots County of Stettler
Brevundimonas Environmental swab County of stettler Onion Cardston County
Enterobacter Onion Lethbridge County Green onions Cardston County
Squash Municipal district of Taber Leptosphaeria Environmental swab Municipal district of Taber
Tomato Red deer County Isaria Zucchini County of Newell
Exiguobacterium Air plate Lethbridge County Passalora Air plate County of stettler
Flavobacterium Environmental swab Red deer County Penicillium Cabbage Starland County
Microbacterium Environmental swab County of Newell Onion County of stettler
Leucobacter Air plate Municipal district of Taber Onion Lethbridge County
Paenibacillus Environmental swab County of stettler Onion Cypress County
Pantoea Carrot Cardston County Tomato Lethbridge County
Onion Red deer County Environmental swab Red deer County
Peas County of Newell Environmental swab Lethbridge County
Pepper Starland County Airplate Municipal district of Taber
Squash Lethbridge County Phoma Zucchini County of Newell
Tomato Red deer County Environmental swab Lethbridge County
Tomato Coun'ty of stettler Trichoderma Airplate Municipal district o Taber
Pseudomonas Cabbage Special area No. 3 *Fifteen of the fungalisolates remained unidentified due to insufficient sequence
Cabbage Special area No. 3 information
Carrot Cardston County
Tomato Lethbridge County
Rahnella Onion Red deer County alone, indicating that they were capable of causing spoilage
Rhodococcus Beans Cypress County onwounded produce independently. The remainingisolates
Serratia Broccoli County of Newell .
Celery Starland County were recovered from the symptomatic tissues, but were found
Carrot Red deer County in combination with other commonly occurring spoilage fungi
Green onion Lethbridge County such as Fusarium, Penicillium and Rhizopus. These
Tomato Red deer County observations indicated that the majority of fungal and
Tomato Red deer County L . :
Staphylococcus Air plate County of stettler bacterial isolates collected from produce in this study
Stenotrophomonas  Celery Starland County were capable of functioning as opportunistic post-harvest
Parsnip Lethbridge County spoilage microorganisms either alone or in combination with
Pepper Starland County

wounded produce. This testing was done on the produce type
from which the microorganisms were originally isolated. The
species names for each isolate and their reactions on and
recovery from surface-sterilized produce are shown in Table
4 and 5 for bacteria and fungi, respectively. Approximately
19% of the isolates were not recovered or did not cause
spoilage, when inoculated onto surface-sterilized wounded
produce. Approximately 81% of isolates were either capable
of causing spoilage or were recovered in mixed cultures from
symptomatic tissues. Approximately half the microorganisms
from symptomatic, wound-inoculated tissues were recovered
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other spoilage microorganisms.

Scanning electron microscopy: Visualization of bean, beet
and carrot tissues with symptoms of spoilage was done
via Scanning Electron Microscopy (SEM) to see if there was
evidence of microbial biofilms at or near sites of produce
spoilage. The SEM images showed the remains of what
appeared to be a matrix composed of abundant
exopolysaccharide with single-celled and filamentous
microorganisms embedded within. These SEM images
revealed the presence of mixed-species biofilms associated
with produce spoilage symptoms (Fig. 2).



Res. J. Microbiol, 12 (1): 20-32, 2017

Table 4: Bacterial specie’s identities and spoilage potential, when re-inoculated onto fresh produce

Re-inoculation results

Isolates Species identity Inoculated on Recovered Spoilage
MH2-0818BEY Rhodococcus fasciens/Rhodococcus luteus® Bean NR NS
BR1-0717BR (1) Serratia grimesii Broccoli R S
LB12-1013CA (1) Acinetobacter sp. Cantaloupe RM S
0Y2-0921CB (1) Pseudomonas sp. Cabbage RM S
0Y2-0921CB (2) Pseudomonas synxantha' Cabbage R S
DR1-0811CE (2) Serratia plymuthica Celery RM S
DR1-0811CE (3) Stenotrophomonas maltophilia Celery RM S
CA2-0802CR Pantoea agglomerans Carrot RM S
0OL4-0816CR (2) Serratia plymuthica Carrot RM S
TB1-0726CR (1) Agrobacterium tumefaciens Carrot RM S
CA5-0802CR (2) Pseudomonas putida Carrot RM S
LB11-09010N (1) Enterobacter sp. or Escherichia colFf Onion RM S
OL3-08160N (2) Pantoea agglomerans Onion RM S
IN1-08090N Rahnella aquatilis Onion RM S
LB11-09010NG Serratia plymuthica Onion R S
CA5-08020NG (2) Bacillus pumilus Onion R S
LB10-1013PA (1) Stentrophomonas sp. (Xanothomonas sp.) Parsnip NR NS
BR2-0719PE (2) Pantoea agglomerans Pea RM S
DR2-0811PP (1) Pantoea agglomerans Pepper RM S
LB8-09015Q Pantoea agglomerans Squash NR NS
FR1-08295Q (3) Acinetobacter calcoaceticus' Squash RM S
TB1-09205Q (4) Enterobacter cloacae Squash RM S
IN2-0809TO (2) Serratia fonticola Tomato RM S
LB5-0901TO (3) Pseudomonas fluorescens/Pseudomonas grimontii* Tomato R S
OL1-0816TO Serratia proteamaculans Tomato RM S
ST3-0814TO (1) Pantoea agglomerans Tomato RM S
FR1-0829SW1 (1) Microbacterium sp. NT NT NT
FR3-09185W1 (6) unidentified NT NT NT
FR3-0918SW3 (1) Brevundimonas sp. NT NT NT
FR3-09185WS3 (2) Paenibacillus lautus NT NT NT
FR4-09255W7 (1) Flavobacterium sp. NT NT NT
FR5-1119SW8 Bacillus cereus NT NT NT
FR2-0917Z1 (3) Leucobacter alluvitt NT NT NT
FR2-091772 (1) Bacillus cereus' NT NT NT
FR2-0917Z3 (5) Arthrobacter agilis NT NT NT
FR2-0917Z3 (3) Bacillus simplex NT NT NT
FR3-091872 (3) Staphylococcus xylosus NT NT NT
FR3-091872 (4) Bacillus weihenstephanensis' NT NT NT
FR3-091872 (5) Arthrobacter sp. NT NT NT
FR5-1119Z1 (1) Exiguobacterium sp. NT NT NT

NR: Not recovered, R: Recovered, RM: Recovered in a mixed population, NS: No spoilage, S: Spoilage and NT: Not tested, *No resolution due to insufficient sequence

information and *Closest species epithet

Food-borne human pathogens: All 19 environmental
surface swabs from the five farms sampled were negative
for the presence of Listeria monocytogenes (detection
limit = 10° CFU mL~" after enrichment), which indicated that
this food-borne pathogen was not detectable at any of the
farms sampled in Southern Alberta.

DISCUSSION

Bacteria and fungi causing spoilage of fresh fruits and
vegetables have been characterized by many groups using a
variety of techniques '23*. While recognizing the limitations of
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the culture-based methods used to isolate microbes in this
study, there remain some results worthy of discussion. Firstly,
the evaluation of communities and populations of microbes
on surfaces of fresh produce in Southern Alberta revealed that
different sources and types of produce host diverse
communities of microorganisms, a result that is consistent
with those reported by others'. For example, there was no
trend observed towards species that grew on only certain
types of produce or at certain locations, but rather itappeared
that the species compositions and community diversities
were influenced by many factors, which could include
location, crop rotation and historical farm operations and
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Fig. 2(a-d): Scanning electron micrograph of vegetable surfaces with post-harvest spoilage, (a-b) Carrot surface at the site of
post-harvest decay, rod-shaped and spherically-shaped microorganisms are seen encased in the remnants of an
extracellular matrix and (c-d) Bean pod sample with post-harvest decay symptoms. A mixed species community of
microorganisms encased in the remnants of an extracellular matrix is associated with the spoilage symptomes, scale

bars =5 um

inputs (i.e., conventional versus organic), environmental and
storage conditions and post-harvest interval.

Secondly, many isolates identified to species are
commonly known to be associated with fresh produce and to
cause spoilage. These included fungal genera, such as
Penicillium, Fusarium Aspergillus, Alternaria, Cladosporium
and Botrytinia and bacteria from the genera Pseudomonas,
Pantoea and Serratia. However, there were also some species
that are not generally considered to be food spoilage
organisms that were present on produce and showed some
ability to cause spoilage. These species included the
fungus /saria farinosus [(Holmsk.) A.H.S. Br.and G. Sm.] and
the bacteria Stenotrophomonas maltophilia®, Rahnella
aquatilis® and Acinetobacter calcoaceticus (syn. Micrococcus
calcoaceticus). Interestingly, these bacteria all share in
common the ability to colonize a wide range of habitats and
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as having potential as a biological control agents to
prevent plant disease or post-harvest spoilage®”3° and yet
this study found it to cause spoilage. However, this is not
the first time a microorganism has been shown to function as
a biological control agent on one fruit and cause spoilage on
another. For example, the yeast Pichia fermentans Lodder
[anamorph: Candida lambica (Lindner and Genoud) Uden
and H.R. Buckley ex S.A. Mey. and Ahearn (1983)]is
demonstrated to be an effective biological control for
prevention of Monolinia brown rot on apple and yet causes
post-harvest spoilage on peach fruit*®. Examples such as these
indicate that the geneticand metabolic potential of individual
microorganisms allows them to be both beneficial and
harmful, depending on the host and the environment.
Furthermore, our understanding of the microorganisms
capable of spoilage and the conditions that are sufficient to
produce spoilage is far from complete.



Res. J. Microbiol, 12 (1): 20-32, 2017

Table 5: Fungal specie’s identities and spoilage potential, when re-inoculated onto fresh produce

Re-inoculation results

Isolate Fungal species identity Inoculated to Recovered Spoilage
MH4-0818BEG (2) Cladosporium oxysporunt Bean R NS
QOY2-0817BEY (2) Alternaria alternata® Bean RM S
BR1-0719BR (2) Fusarium equiseti Broccoli R S
IN2-0809BR (1) Fusarium solanf Broccoli R S
LB3-0725BT (1) Unidentified Beet R S
MH5-0922BT Unidentified Beet R NS
LB12-1013CB (1) Unidentified Cabbage R S
DR1-0811CB (3) Penicillium olsonii Cabbage R NS
0OL5-0913CC Unidentified Cucumber RM S
LB5-0901CE (1) Unidentified Celery R S
ST5-0814CR (1) Fusarium reticulatum® Carrot R S
TB2-0726CR (1) Unidentified Carrot NR NS
IN2-0809CR (1) Unidentified Carrot R NS
CA2-08020N (2) Fusarium proliferatum Onion RM S
ST2-08140N (1) Penicillium polonicum®* Onion R S
LB9-09010N (1) Penicillium glabrum Onion R S
MH5-08180N (2) Penicillium simplicissimum® Onion R S
CA5-08020NG Fusarium proliferatum Onion R S
LB6-09010NG (1) Aspergillus niger* Onion R S
LB10-1013PA (1) Unidentified Parsnip RM S
ST3-0814PP Unidentified Pepper R S
TB1-0726PTR (1) Unidentified Potato R NS
BR7-0726ST Unidentified Strawberry R S
DR2-0811TO Unidentified Tomato R S
LB5-0901TO (1) Penicillium expansun®* Tomato R S
BR1-0920ZU Phoma exigua* Zucchini NR NS
BR2-0920ZU (2) [saria farinosus* Zucchini R S
FR2-09175W9 (2) Leptosphaeria maculans® NT NT NT
FR4-09255W1 (3) Identification in progress NT NT NT
FR4-09255W1 (5) Penicillium janthinellum* NT NT NT
FR5-1119SW1 (1) Penicillium olsonii NT NT NT
FR5-1119SWS5 (2) Botryotinia fuckeliana NT NT NT
FR5-11195W8 (2) Phoma exigua® NT NT NT
FR2-091721 (1) Penicillium expansum®* NT NT NT
FR2-091721 (2) Unidentified NT NT NT
FR2-091771 (3) Trichoderma virens* NT NT NT
FR2-091774 (3) Unidentified NT NT NT
FR3-0918Z1 (5) Asperqgillus westerdjjkiae* NT NT NT
FR3-091872 (4) Passalora fulva (Cladasporum fulva)* NT NT NT
FR5-111977 (3) Cercophora ambigua* NT NT NT

*Closest species epithet, NR: Not recovered, R: Recovered, RM: Recovered in a mixed population, NS: No spoilage, S: Spoilage and NT: Not tested

Another key finding in this report is the evidence of
biofilms occurring with spoilage symptomes. Itis no surprise to
see microorganisms, growing as aggregates or biofilms
causing spoilage as this has been documented by others
Kumar and Anand*' and Korber et a/*?, but this observation
has serious implications on management of food spoilage
microorganisms. It is well-known that microbial populations
within a biofilm matrix are much more tolerant of physical
and chemical treatments aimed at eradicating them when
compared to solitary, planktonic populations®. Mixed
species biofilms causing spoilage is even more troubling
because they are even more resistant to disinfectants and
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sanitizers than mono-species biofilms?* and mixed species
biofilms are linked to high-efficiency plasmid transfer, which
can accelerate the acquisition and accumulation of genetic
sequences thataid survival and minimize efficacy of
management tools*. Alternatively, it is also reported that
some mixed species biofilms can function in prevention and
control of spoilage. For example, some will either inhibit
pathogen colonization/growth or enhance their survival, while
others can either facilitate internalization of pathogens into
the host cells or inhibit the internalization of pathogens into
the host cells. The practical relevance of the mixed species
biofilms concept is widely accepted and discussed, but study
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in this area is in its infancy and conflicting results are likely
due to differences in methodology, species, conditions,
contact surfaces, niches and protocols, etc.2*. More controlled
studies from the biofilm perspective, using model systems are
needed to more clearly draw the line between parasitism,
antagonism and commensalism for biofilms containing mixed-
species microbial communities.

Finally, this study did not detect Listeria monocytogenes
contamination at any of the five farms sampled in Southern
Alberta. While itis reassuring that L. monocytogenes was not
found this small sampling of production surfaces does not
allow any general conclusions regarding food-borne
enteropathogenic bacteria on produce in Southern Alberta. A
more thorough investigation of food-borne pathogens on
fresh producein Alberta was conducted by Bohaychuk et a/?.
Theirstudy looked for generic £scherichi coli Salmonella spp.,
E. coli 0157:H7 and Campylobacter spp.on lettuce, spinach,
green onion, carrot, tomato and strawberry. Although their
samples were collected at different locations of the province
spatially (central and Northern Alberta), their collections were
temporally concurrent with those presented in this report.
Bohaychuk et a/? used £ coli as an indicator of fecal
contamination and found that it was detectable in 8.2% of all
samples. However, no food-borne bacterial pathogens were
detectable on any of the fresh produce sampled.

CONCLUSION

The results given in this report indicate that spoilage of
fresh produce in Alberta is due to diverse, mixed-species
communities of microorganisms capable of forming or
becoming incorporated within, biofilms. Additionally, we
see evidence that some microorganisms primarily growing
commensally on plants or in soil as epiphytes and/or
saprophytes, may also have the potential to opportunistically
exploit harvested produce as a food source and cause
spoilage.
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