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Introduction
1)

Platycodi radix (PR), the root of Platycodon grandiflorum
(Jacq.) A.DC., has been referred to as balloon flower
(English), doraji (Korean), kikyo (Japanese), and jiegeng
(Chinese). It belongs to the Campanulaceae family and is
used as an herbal medicine and food in Asia (1). PR extracts
have pharmacological potential for the treatment of
inflammatory diseases (2,3). The consumption of PR in Korea
was estimated to be greater than 4,000 tons/year and is
constantly increasing mainly due to the tendency of consumers
to consume healthy diets (4). Generally, PR is vacuum-packed
after being cut and peeled before its distribution as a fresh-cut
product for the convenience of consumers. These
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vacuum-packed products have a short shelf life that is mainly
attributed to physiological damage as well as biological
decays (5). Furthermore, minimally processed PR loses its
white appearance as a result of browning on the surface caused
after dehydration and lignification after long-term storage at
low temperatures, which limits its acceptability to consumers
and their desire to purchase it (5). PR is typically consumed
raw and mixed with other vegetables or salads, dried or fried
vegetables, vegetables soaked in traditional Korean sauces,
and mixed vegetables with spices. Because it is usually
consumed without cooking, it can contain pathogenic bacteria,
a risk to consumer health.

Vacuum packaging and low-temperature storage are
general preservation methods that greatly enhance the shelf
life and overall quality of fresh products (6). The partial
exclusion of oxygen under vacuum packing inhibits the
respiratory response of the plant and the growth of spoilage
bacteria (7,8). Low-temperature storage is also critical for
controlling the survival of mesophilic or pathogenic bacteria
(9). Combining low-temperature storage with vacuum
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packaging could have a synergistic effect on the suppression
of microbiological spoilage in food. These conditions inhibit
the growth of aerobic microorganisms but can be optimal
for the growth of psychrotrophic bacteria (10).

The microorganism levels that determines the shelf life
of minimally processed products differs according to the food
type and storage conditions. Microbial levels from 5 log
CFU/g to 8 log CFU/g are commonly considered convenient
quality limits (11). The spoilage of minimally processed
products packaged under vacuum conditions occurs when
lactic acid bacteria levels exceed 6 log CFU/g (12). Many
studies have reported that the dominant bacteria in
low-temperature storage are mostly Pseudomonas, Erwinia,
Rahnella and Leuconostoc species. These genera contribute
to the spoilage of minimally processed products; Leuconostoc
is especially important because it is a psychrotolerant lactic
acid bacterium and considered to be associated with the
spoilage of vacuum-packed products stored at low temperature
(13,14).

Total viable counts are a good indicator of the bacterial
burden that challenges the preservation of raw materials.
However, a more detailed characterization of the
microorganisms present in raw materials, or those induced
during production steps, distribution and storage, can help
trace the causative agents of microbiological spoilage (15).
Mass spectrometry-based proteomics using matrix-assisted
laser desorption/ionization-time of flight (MALDI-TOF MS)
has emerged as a reliable tool for bacterial identification
(16-18). This technique can accurately characterize bacteria,
with potential identification to the genus, species, and
subspecies levels for some taxa (19,20).

The aim of the present study was to investigate
microbiological quality and the bacterial communities present
in minimally processed PR, as well as the changes in dominant
bacterial communities during storage at low temperatures
using culture methods and MALDI-TOF mass spectrometry.
The knowledge of dominant bacterial communities will
provide important information to delay the deterioration of
minimally processed PR during long-term storage.

Materials and methods

Sample collection for assessment of manufacturing

procedure

Minimally processed PR samples were obtained from two
manufacturing companies (companies I and II) located in

Gyeonggi province. Peeled whole PR was used as a raw
material and immersed in tap water for 5 h to eliminate its
bitter taste prior to shredding. The washing steps of company
I and company II differed in a few ways. PR from company
I had been washed three times in running tap water after
shredding, whereas that from company II had been dipped
in running tap water for 5-10 min before packaging. Samples
were collected after shredding, washing, and packaging from
the same lot to assess changes in microbiological quality tthat
are associated with processing. These samples were placed
in sterile bags (Nasco Industries, Fort Atkinson, Wisconsin)
and transported at 5℃ to the laboratory.

Preparation of samples for storage

The end-products for the assessment of microbiological
quality during storage were weighed to approximately 250
g, after being washed and sealed using a vacuum packaging
machine (SB 260, TURBOVAC, Howden Food Equipment,
Holland) from company I. The end-products were transported
at 5℃ to the laboratory and stored at 5 and 15℃.
Microbiological quality was analyzed in duplicate at
approximately 4 day intervals for 5℃ storage and 2 day
intervals for 15℃ storage from the beginning of storage to
compare samples before and after storage.

Quantitative microbiological analysis

Microbiological procedures recommended by the Korean
food code (21) and ISO-4833 (22) were performed. Samples
were collected from three different processing steps and
analyzed for total viable cells (TVCs), coliforms, fungi,
Enterobacteriaceae, and two pathogens (Bacillus cereus and
Clostridium perfringens). These analyses were performed in
duplicate. For this, 25 g of each sample was diluted in 225
mL of 0.85% saline and homogenized using a
Stomacher®-400 (Seward, Norfolk, UK) for 2 min at 230
rpm. Ten-fold serial dilutions were made in 0.85% saline,
and 1 mL of each dilution suspension was plated for the
enumeration of microorganisms using PetrifilmTM plates (3M
Microbiology, St. Paul, MN, USA) for TVCs, fungi, and
Enterobacteriaceae or Sanita-kun plates (Sanita-Kun, Tokyo,
Japan) for coliforms. These plates were incubated at the
optimal temperature for each microorganism, and typical
colonies were enumerated. B. cereus was isolated by plating
the dilution suspension on mannitol-egg yolk-polymyxin B
agar (Merck, Darmstadt, Germany) and the plates were
incubated at 30℃ for 18 h. C. perfringens was isolated by
plating the dilution suspensions on a thin layer (15 mL) of
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tryptose-sulfite-cycloserine (TSC, Oxoid, Basingstoke, UK)
agar without egg yolk. The TSC agar plates were then overlaid
with an additional 5 mL of TSC agar. The plates were
incubated for 24 h at 37℃ in an anaerobic jar using Genbox
packages (BioMérieux, Marcy-l'Étoile, France). The
presumptive positive isolates of B. cereus and C. perfringens
were subcultured on tryptic soy agar (TSA, Merck) and
confirmed biochemically using a VITEK®2 Compact
instrument (BioMérieux). The results are expressed as
colony-forming units per gram (CFU/g).

MALDI-TOF MS analysis

Samples, including raw material from company I, were
collected after being shredded, washed, and packaged to
evaluate changes in dominant bacterial communities during
processing. End-products were analyzed at days 0, 3, 7, 12,
and 20 when stored at 5℃ and days 0, 1, 3, and 7 when
stored at 15℃ to assess changes over the course of storage.
Specifically, 25 g of each sample was stomached using a
Stomacher®-400 (Seward) with 225 mL of 0.85% saline for
2 min at 230 rpm. Ten-fold dilutions were prepared with
9 mL of 0.85% saline, and 100 μL of each dilution suspension
was spread onto plate count agar (PCA, Merck). The plates
were then incubated at 37℃ for 24 h, and each colony was
then picked for identification. The collection of single colonies
for MALDI-TOF MS was carried out using the method
described by Holl et al. (23) All colonies from replicate
countable plates of each sample were selected. Thus, 200
to 350 colonies was identified from only one sample. For
plates with >100 colonies, all colonies growing in a sector
comprising half or a quarter of the plate were picked for
identification and at least two parts were selected to comprise
the representative groups of the major population in bacterial
communities. All tests were performed in duplicate to obtain
reliable results. The picked colonies were transferred to TSA
medium (Merck) and incubated at 37℃ for 24 h. Fresh
colonies were directly smeared onto the sample spots of
disposable polymeric FlexiMass-DS target slides (Shimadzu-
Biotech, Tokyo, Japan). Then, 1 mL of VITEK MS-CHCA
matrix solution (10 mg/mL α-cyano-4-hydroxy-cinnamic acid
(CHCA), BioMérieux) was applied to the top of the sample
and air dried until the matrix and sample co-crystallized. The
target slide with all prepared samples was then loaded into
the VITEK MS system so that the mass spectra of
whole-bacterial cell proteins could be acquired for each strain;
these proteins mainly consist of ribosomal proteins. Finally,
the mass spectra acquired for each sample were compared

to known mass spectra in the database within IVD software
and given a confidence score according to how close the
acquired spectra matched those contained in the database.
Escherichia coli ATCC 8739 was used as the quality control
strain. The identities of the dominant bacteria were confirmed
biochemically using a VITEK® 2 Compact (BioMérieux).

Statistical analysis

Results expressed as CFU/g were converted to decimal
logs and treated by one-way ANOVA using SPSS software
(IBM©ÏSPSS Statistics ver. 20, New York, NY, USA) to
determine whether microorganism levels differed significantly
during processing and storage. A significance level of 0.05
was used for all statistical analyses.

Results

Change in microbiological quality during

processing

PR was collected at each step from two companies to
determine the step that can induce increased bacterial growth
during processing. TVCs, fungi, Enterobacteriaceae, coliform,
B. cereus, and C. perfringens levels were measured for
microbiological quantification (Table 1). For product from
company I, the TVCs in raw PR was 5.2 log CFU/g and
increased to 5.6 log CFU/g after shredding. At the washing
and packaging stages, this level was 1 log CFU/g greater
than that of raw PR (i.e. TVCs were 6.2 log CFU/g at the
washing step and 6.1 log CFU/g at the packaging step). The
fungi level increased from the 3.0 log CFU/g in raw PR
to 4.6 log CFU/g after shredding and was maintained at this
level until packaging for end-products. Enterobacteriaceae
and coliform levels at shredding were 4.5 log CFU/g and
3.5 log CFU/g, respectively, and these levels did not
significantly differ from the values in raw PR (4.5 log CFU/g
and 3.6 log CFU/g, respectively). The Enterobacteriaceae
level increased by 1.0 log CFU/g after washing, reaching
5.5 log CFU/g, whereas the coliform level increased by 0.9
log CFU/g to reach 4.4 log CFU/g. B. cereus and C.
perfringens levels were less than 1.0 log CFU/g in all samples
collected during processing. For product from company II,
the TVC in raw PR was 6.8 log CFU/g; that level was
maintained during processing and reached 7.0 log CFU/g in
the end-product. The fungi level increased to 4.2 log CFU/g
after shredding from 3.8 log CFU/g in raw PR, and that level
was maintained to the end-product. Thus, processing did not
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Table 1. Total viable cell (TVC), fungi, Enterobacteriaceae, coliform, Bacillus cereus, and Clostridium perfringens counts from four different
sample points during the minimal processing of Platycodi radix (Doraji)

(units: log CFU/g)

Step TVC Fungi Enterobacteriaceae Coliform B. cereus C. perfringens

Company I

Raw PR1) 5.2±0.092)a3) 3.0±0.05a 4.5±0.18a 3.6±0.18a < 1 < 1

Shredded PR 5.6±0.20ab 4.6±0.14b 4.5±0.35a 3.5±0.11a < 1 < 1

Washed PR 6.2±0.05b 4.3±0.13b 5.5±0.10b 4.4±0.24b < 1 < 1

End-product 6.1±0.06b 4.3±0.09b 5.5±0.18b 4.7±0.24b < 1 < 1

Company II

Raw PR 6.8±0.09a 3.8±0.06a 6.4±0.04a 6.3±0.09a 1.5±0.41b < 1

Shredded PR 6.8±0.00a 4.2±0.04a 6.1±0.20a 6.1±0.10a 1.2±0.00b < 1

Dipped PR 6.8±0.07a 4.0±0.06a 6.3±0.11a 6.3±0.04a < 1a < 1

End-product 7.0±0.03a 4.1±0.06a 6.2±0.47a 6.7±0.05a < 1a < 1
1)PR, Platycodi radix.
2)Each data point shows the mean±SD of duplicate samples.
3)Different superscripts in the same column indicate significant differences (p<0.05).

significantly change the fungi level. Enterobacteriaceae and
coliform levels were also not changed by processing;
approximately 6.0 log CFU/g was measured in raw PR for
both, which was maintained to the end-product. B. cereus
levels were 1.5 log CFU/g and 1.2 log CFU/g in raw and
shredded PR, respectively, but those levels dropped to less
than 1 log CFU/g after dipping. The level of B. cereus in
the end-product was also less than 1 log CFU/g. C. perfringens
levels were less than 1.0 log CFU/g in all samples collected
during processing.

Change in microbiological quality during
storage at 5℃

The microbiological quality of end-products stored at 5℃
for 20 days are presented in Fig. 1A. During storage at 5℃,
TVCs increased only slightly from the initial day (6.1 log
CFU/g) to reach its maximum level (approximately 7.0 log
CFU/g) after 5 days and then remained constant throughout
the duration of storage. Fungi levels in samples stored at
5℃ did not increase until day 5 but were the highest (5.3
log CFU/g) between 5 and 7 days. Fungal growth decreased
after 7 days and reached its minimum of 2 log CFU/g at
20 days. Levels of Enterobacteriaceae and coliforms trended
in a similar manner. The level of Enterobacteriaceae increased
by 1 log CFU/g from day 0 to day 5, peaking at 6.6 log
CFU/g for the entire storage period. However, this level began
to decrease at day 5 and reached its minimum (1.4 log CFU/g)
5.4 log CFU/g at day 3 from 4.4 log CFU/g at day 0 and

Fig. 1. Change in total viable cell, fungi, Enterobacteriaceae, and
coliform counts in minimally processed Platycodi radix under
vacuum packaging during storage at 5℃ (A) and 15℃ (B).
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remained at this level between days 3 and 9. The growth
at the end of storage. The level of coliforms increased to
of coliforms decreased after day 9 of storage and almost
reached its minimum of 1.7 log CFU/g at day 20. B. cereus
and C. perfringens levels during storage at 5℃ were
undetectable (<1 log CFU/g).

Change in microbiological quality during

storage at 15℃

The microbiological quality of the minimally processed
PR is presented in Fig. 1B. TVCs increased from 6.1 log
CFU/g to its maximum of 8.1 log CFU/g after only 3 days,
and this level was maintained until the end of storage (day
7, 8.3 log CFU/g). The fungi level gradually decreased from
4.3 log CFU/g at day 0 to 3.4 log CFU/g at day 3 and 2.9
log CFU/g at day 7. The levels of Enterobacteriaceae and
coliforms increased between the initial day and day 3,
reaching 6.1 and 5.1 log CFU/g, respectively, after 3 days.
For Enterobacteriaceae and coliforms, levels of approximately
2.0 log CFU/g were detected after 5 days, but the minimum
values, specifically, 1.5 log CFU/g for Enterobacteriaceae and
1.7 log CFU/g for coliforms, were reached at the end of
storage.

Dominant bacterial community during processing

A total of 783 microbial colonies were isolated from four
different sampling points and identified using culture and
MALDI-TOF MS (Fig. 2). The major bacteria isolated from
the overall process were Pseudomonas fluorescens, Rahnella
aquatilis, Serratia fonticola, Serratia liquefaciens, and
Pantoea agglomerans. However, the composition of the
bacterial communities exhibited significant differences based
on processing step. P. fluorescens was present at the highest
relative abundance (47.7%) in raw material, followed by S.
liquefaciens (27.9%), R. aquatilis (9%), P. agglomerans
(7.2%) and to a lesser extent (<5%) S. fonticola,
Carnobacterium maltaromaticum, and Hafnia alvei. At
shredding, R. aquatilis was present at the high relative
abundance of 39.2%, which was followed by S. liquefaciens
(23.0%), P. fluorescens (17.6%), and L. citreum (10.8%).
The abundant bacteria groups at washing were P. fluorescens,
R. aquatilis, S. fonticola, and S. liquefaciens; and S.
liquefaciens was at it's the highest relative abundance among
dominant bacteria at the washing step. S. fonticola was the
most dominant bacteria (43%) in the end-product, with R.
aquatilis, L. pseudomesenteroides, and P. fluorescens present
at relative abundances of 23.8, 9.8, and 9.1%.

Fig. 2. Relative abundances (%) of dominant bacterial communities
from four different sampling points during the minimal processing
of Platycodi radix (Doraji).

Change in dominant bacterial communities
during storage at 5℃

This study also examined the changes in dominant bacterial
communities in vacuum-packaged PR during storage. Fig.
3A shows that dominant bacteria isolated from samples stored
at 5℃ were quite different before and after storage at 5℃.
The relative abundance of L. pseudomesenteroides increased
from 9.8 to 55% after 3 days and was present at the highest
relative abundance at the end of storage (100%). In contrast,
the relative abundance of R. aquatilis decreased from 23.8
to 6% between day 0 and day 7 while stored at 5℃, and
this species was not detected from day 12 onward. The relative
abundance of S. fonticola trended similarly to that of R.
aquatilis, decreasing from 43.4% on day 0 to 0% after day
20.

Change in dominant bacterial community during

storage at 15℃

The storage of minimally processed PR at 15℃ was
associated with increased relative abundances of L. citreum,
L. pseudomesenteroides, and Lactobacillus lactis (Fig. 3B)
and decreased relative abundances of P. fluorescens, R.
aquatilis, and S. fonticola. The most abundant bacteria during
the entire storage period at 15℃ were L. citreum and L.
pseudomesenteroides, with relative abundances of 50.5 and
45.3%, respectively, at the end of storage. At day 0, L. citreum
accounted for less than 1% of the community, but these
bacteria dominated after day 1 with a relative abundance of
60.2%, which was followed by L. pseudomesenteroides
(26.9%). At day 3, L. citreum was still present at the highest
relative abundance (65.9%); it then decreased to 50.5% at
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Fig. 3. Relative abundances (%) of dominant bacterial communities
in minimally processed Platycodi radix (Doraji) under vacuum
packaging during storage at 5℃ (A) and 15℃ (B).

day 7 but was still the predominant bacteria. L.
pseudomesenteroides was the second most dominant bacteria,
and its relative abundance gradually increased to 26.9% at
day 2 and 31.9% at day 3. After 7 days of storage, the relative
abundance of L. pseudomesenteroides was 45.3%, and its
relative abundance was similar to that of L. citreum after
the same storage period. During storage at 15℃, the relative
abundances of S. fonticola, R. aquatilis, P. agglomerans, and
P. fluorescens decreased, changing from 43.4, 23.8, 4.2, and
9.1%, respectively, at day 0 to 0% at day 1. L. lactis accounted
for less than 5% of the community during storage at 15℃
but was consistently present under those conditions.

Relationship between total viable cells and

dominant bacteria

Storage results revealed that the abundance of spoilage-
associated bacteria significantly increased, with an increase
in TVCs in stored, minimally processed PR at 5 and 15℃,
by the end of storage (Fig. 4A and 4B). TVCs increased

by 1 log CFU/g and reached 7 log CFU/g during storage
at 5℃, and the relative abundance of Leuconostoc spp.
(especially L. pseudomesenteroides) increased from
approximately 10% at the initial day to 100% at 20 days
of storage, whereas that of Serratia spp. including S. fonticola
and S. liquefaciens, decreased from approximately 40 to 0%
over the same storage period. As TVCs increased from 6
log CFU/g on day 0 to 8 log CFU/g at day 7 of storage
at 15℃, the relative abundance of Leuconostoc spp. including
L. citreum and L. pseudomesenteroides increased from less
than 10% to 90% at day 7 of storage.

Fig. 4. Total viable cell (TVC) counts and relative abundance of
Serratia spp. and Leuconostoc spp. in minimally processed Platycodi
radix (Doraji) under vacuum packaging during storage at 5℃ (A)
and 15℃ (B).

Discussion

Microbiological spoilage is one of the major reasons for
shelf life failure for most packaged and refrigerated fresh-cut
fruits and vegetables; this is followed by surface discoloration,
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off-aroma, and flavor changes. Microbial growth has been
used as the main criterion to determine the shelf life of
fresh-cut vegetables (24). Fresh PR is very sensitive to quality
changes due to its respiration response (25). If PR is not
properly treated (i.e. stored for too long at an inappropriate
temperature), its flesh changes to a grayish-yellow or
reddish-yellow color from white and it produces off-odors.
The study of Park et al. (26) reported the relationship between
the packaging method and deterioration of peeled PR under
different storage temperatures. The pH value of peeled PR
under vacuum packaging was also found to decrease from
6.0 to 5.1 after 5 days at 4℃ and 6.0 to 4.8 after 4 days
of storage at 10℃. They also demonstrated that the hardness
of peeled PR declined significantly faster at 10℃ (2 days
storage) than at 5℃ (5 days storage) (25).

The microbial spoilage of root or tuber vegetables such
as PR has been scarcely described, and no recent publications
about this phenomenon are available. The aim of this study
was to determine changes in microbial load following the
processing of PR and to investigate changes in the initial
dominant bacterial communities during storage that are
established by processing. In this study, microbiological
quality did not significantly change after each processing step.
In minimally processed products, washing is a key step to
remove dirt and cell exudate from harvested produce or to
reduce the microbial population on food surfaces (26). The
bacterial abundance in this study was unexpectedly higher,
by approximately 1 log CFU/g, after the washing step and
in the packaged end-product from both companies, compared
to that in the raw PR. The average levels of TVCs,
Enterobacteriaceae, and coliforms in the end-product of two
different companies were 5-6 log CFU/g, and TVCs reached
7 log CFU/g in the end-product. For TVCs, the presence
of greater than 5 log CFU/g in ready-to-eat food generally
indicates poor storage conditions, poor handling practices,
and the use of low-quality ingredients (27). Enterobacteriaceae
and coliforms have also been used as indicator organisms
to suggest poor hygiene or inadequate processing, processing
failures, and the post-process contamination of foods (28).
This is because almost all Enterobacteriaceae are killed by
appropriate cleaning procedures. Although there are no
guideline limits for minimally processed products in Korea,
changes in the levels of these groups should be investigated
during processing or storage to improve microbiological
quality. The findings of 6 log CFU/g of Enterobacteriaceaeand
7 log CFU/g of coliforms in the end-products from both
companies are in accordance with the results of Froder et

al. (29), who found more than 5 log CFU/g of coliforms
and Enterobacteriaceae in 60% of ready-to-eat salads. Sagoo
et al. (30) also reported Enterobacteriaceae in all collected
ready-to-eat salads from retail markets. This result suggests
that the current processes of washing by dipping in or rinsing
with running water did not reduce microorganism populations.
This result suggests a potential risk for shelf-life failure and
food safety and developing better washing techniques is
therefore necessary to improve microbiological quality and
extend shelf-lives.

The vacuum packaging and low temperature storage of
end-products was also found to affect their microbiological
quality. Since root vegetables such as PR and Panax ginseng
Meyer consist of living tissues that respire, vacuum packaging
decreases O2 content, increases CO2 content, and facilitates
the establishment of psychrotrophic bacteria. These biological
changes might trigger physiological deterioration, leading to
color and texture changes and spoilage (31). TVCs in
end-products stored at 5℃ increased by only 1 log CFU/g
from its initial level before storage. The initial levels of fungi,
Enterobacteriaceae, and coliforms also remained constant for
7 days but then decreased to less than 2 log CFU/g by the
end of storage. These results agree with the results of Aksu
et al. (32), who reported that vacuum packaging or modified
atmosphere packaging (MAP) significantly prevents the
growth of Enterobacteriaceae. Gram-negative bacteria are
generally more sensitive to CO2 than gram-positive bacteria
(33) because most gram-positive bacteria are facultative or
strict anaerobes (34). Fungi are aerobic microorganisms, and
oxygen depletion, which is commonly induced by vacuum
packaging, could inhibit their growth; however, it is not
lethal to these microorganisms (35,36). The levels of
Enterobacteriaceae and coliforms were approximately 1 log
CFU/g at the end of storage in this study. In contrast, 15℃
storage with vacuum packaging was associated with increased
TVC levels during storage. After 3 days of storage at 15℃,
TVC levels were higher compared to those in PR stored at
5℃. In contrast, Enterobacteriaceae and coliform levels
decreased more rapidly at 15℃ than at 5℃, although their
levels at the end of storage were similar for both storage
temperatures. Long-term storage of PR at 5 and 15℃ had
a positive effect on inhibiting the growth of microorganisms
such as fungi, Enterobacteriaceae, and coliforms; in contrast,
growth inhibition of TVCs failed at both 5 and 15℃. We
hypothesized that the elevated TVC levels observed in PR
stored at 5 and 15℃ might be associated with the survival
of psychrophilic bacteria and not Enterobacteriaceae and
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coliforms, as the final levels of these bacteria decreased from
5-6 log CFU/g to 1 log CFU/g at the end of storage. This
study analyzed dominant bacterial communities during
processing and the change in bacterial composition after
storage at 5 and 15℃.

We observed distinct characteristics and variation in the
dominant bacterial communities after minimal processing,
which was analyzed by MALDI-TOF MS. P. fluorescens and
S. liquefaciens were dominant bacteria in the raw material
prior to processing; in contrast, S. fonticola, R. aquatilis and
L. pseudomesenteroides dominated the end-product. The
relative abundance of P. fluorescens decreased, whereas S.
fonticola increased, when raw material was shredded. The
relative abundance of S. fonticola increased during washing,
and L. pseudomesenteroides was only detected in minimally
processed PR with vacuum packaging. These results indicate
that predominant bacteria in minimally processed PR are
associated with biochemical changes induced by processing
steps such as shredding and washing; this might indicate that
the processing of minimally processed products exerts a
selective force on the composition of the bacterial community.
Many studies have already investigated the effect of
processing on the microbiological quality of minimally
processed products (37,38) and a few studies have
investigated changes in the bacterial composition following
processing steps. Van Houdt et al. (39) reported that the
bacteria isolated during the processing of fresh-cut vegetable
were Vibrio diazotrophicus, Serratia plymuthica, and P.
agglomerans and that the richness and abundance of the
bacterial community in raw materials differed based on the
processing step. Perez-Rodriguez et al. (40) showed that raw
material sources, worker hygiene practices, and processing
practices affected the composition of microflora in raw
materials.

The growth of lactic acid bacteria (LAB) varies depending
on the type of product that is packaged. The increased CO2

concentration and O2 depletion caused by vacuum packaging
are suitable for the growth of LAB. These changes can
accelerate the spoilage of susceptible products such as lettuce,
chicory leaves, and carrots by LAB (14,41,42). This study
found that dominant bacterial communities change over the
entire period of cold storage. PR stored at 5 and 15℃ was
dominated by Enterobacteriaceae (i.e. R. aquatilis, S.
liquefaciens, and S. fonticola) on the first day of storage,
whereas LAB such as L. pseudomesenteroides and L. citreum,
representative spoilage-associated bacteria, dominated at the
late stages of storage. The dominant bacterial communities

during storage slightly differed with the two storage
temperatures. At the end of storage, the bacterial community
at 5℃ was dominated by L. pseudomesenteroides; in contrast,
L. citreum and L. pseudomesenteroides predominated at 15℃.

When the deterioration of products occurs as appearance
defects and faults related to flavor, this manifestation is
generally attributed to the dominant bacteria, usually referred
to as specific spoilage organisms. In our study, off-flavors
and off-tastes such as acidity appeared after 7 days of storage
at 5℃ and 2 days at 15℃ (data not shown). Park et al. (25)
reported that the sensory attributes of peeled PR stored at
4℃ decreased after 7 days, whereas those of peeled PR at
10 and 20℃ decreased after 2 days of storage. The flavor
and texture scores of peeled PR stored at 20℃ remarkably
decreased to 1.9 from 7.9 after 2 days. However, the reason
for this observation is not clear. We suggest that changes
in the flavor and taste of minimally processed PR might be
attributed to the development of Leuconostoc spp., as the
relative abundance of L. pseudomesenteroides increased after
7 days at 5℃ and that of L. citreum and L. pseudomesenteroides
increased after only 2 days at 15℃. LAB is useful for the
production of fermented foods such as soy sauce and cheese
(43). Although the importance of LAB is widely recognized,
acidic off-flavors, off-odors, decrease in pH levels, milky
exudates, gas production, swelling of packs, discolorations,
and greenish colors can generally be observed as a result
of these bacteria, and especially Leuconostoc activity (44).
In our study, L. pseudomesenteroides was the predominant
bacteria in minimally processed PR during storage at 5℃,
and was also the major species at 15℃. L. pseudomesenteroides,
belonging to LAB, is associated with the fermentation of
vegetables and other products (45). L. pseudomesenteroides
produces CO2 and acids, which rapidly lower the pH and
inhibit the development of other psychrotrophic organisms
(44).

Pseudomonas, representative of spoilage bacteria, was not
isolated during storage. Under vacuum conditions, the
microbial population is determined by environmental
conditions such as temperature, relative humidity, and partial
O2 and CO2 concentration (46). In general, the atmospheric
conditions under vacuum packaging change during storage,
which results in decreases in the oxygen concentration (to
1%) and an increases in the CO2 concentration (to 20-25%)
(47). Goulas et al. (48) found that increasing the CO2

concentration inhibits the growth of aerobes such as
Pseudomonas. The results observed in this study are in
agreement with those results (48). In addition, Pseudomonas
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growth is inhibited by pH levels less than 5.4 (49). This
result also suggests that the predominance of L.
pseudomesenteroides during storage under low temperatures
can induce a reduction in pH levels, and that this biological
change might suppress the growth of other psychrophilic
spoilage bacteria such as Pseudomonas, Serratia, and
Rahnella.

In this study, TVC levels during storage were associated
with the abundance of Leuconostoc spp. The relative
abundance of Leuconostoc spp. and Serratia spp. at the end
of storage at 5 and 15℃ indicated that this microbial group
dominate in terms of final counts in the minimally processed
PR stored under vacuum conditions because TVC levels were
constantly maintained at 7 log CFU/g during storage at 5℃
or increased to 8 log CFU/g after storage at 15℃. The results
of this study suggest that the quality loss during storage under
low temperature might be associated with an increase in the
relative abundance of Leuconostoc spp. These bacteria were
previously reported to be the dominant microbes in spoiled
products after MAP or vacuum packaging (13,14).
Concentrations of LAB exceeding 6 log CFU/g with vacuum
packaging are particularly important for their high potential
for food deterioration and food safety (12). In this study,
the identification of microbial communities can provide
insights into the spoilage progress by microorganisms. The
relationships between deterioration and spoilage-related
bacteria under different storage conditions, based on
appropriate molecular approaches, should be evaluated to
broaden our knowledge of bacterial mechanisms related to
food spoilage in vacuum packaged products during storage.

Conclusion

The relative abundance of bacterial communities differed
based on environmental changes. Specifically, dominant
bacterial communities responded differently to various
environmental conditions such as the processing step, storage
temperature, and period. The relative abundance of
spoilage-associated bacteria remarkably increased during
storage. L. pseudomesenteroides was the dominant bacteria
representative of minimally processed PR stored at 5℃,
whereas L. citreum and L. pseudomesenteroides also
comprised the main bacteria groups in samples stored at 15℃.
Increases in the relative abundances of Leuconostoc spp. are
the likely cause of the appearance of off-flavors and off-tastes
in samples during long-term storage at low temperatures. L.

pseudomesenteroides thus seems to be a key player in PR
spoilage throughout the entire storage period under vacuum
packaging and in cold storage as it was found in samples
stored at either 5 or 15℃ and was isolated at both early
and late stages of storage. The knowledge of dominant
bacterial communities might provide new approaches to
prolong the freshness of minimally processed tuber and root
vegetables. Studying the molecular response of spoilage-
related bacteria to different packaging and storage conditions
will be fundamental to improve the freshness of tuber and
root vegetables during storage.

Acknowledgement

This study was conducted with the support of the High
Value-added Food Technology Development Program of the
Korea Institute of Planning and Evaluation for Technology
in Food, Agriculture, Forestry and Fisheries, Republic of
Korea (No. 316068-3) and the Korea Food Research Institute.

References

1. Liu M, Xu Z, Guo S, Tang C, Liu X, Jao X (2014)
Evaluation of leaf morphology, structure and biochemical
substance of balloon flower (Platycodon grandiflorum
(Jacq.) A. DC.) plantlets in vitro under different light
spectra. Sci Hortic, 174, 112-118

2. Choi JH, Jin SW, Kim HG, Choi CY, Lee HS, Ryu SY,
Chung YC, Hwang YJ, Um YJ, Jeong TC, Jeong HG
(2015) Saponins, especially platyconic acid A, from
Platycodon grandiflorum reduce airway inflammation in
ovalbumin-induced mice and PMA-exposed A549 cells.
J Agric Food Chem, 63, 1468-1476

3. Zhao HL, Harding SV, Marinangeli CPF, Kim YS, Jones
PJH (2008) Hypocholesterolemic and anti-obesity effects
of saponins from Platycodon grandiflorum in hamsters
fed atherogenic diets. J Food Sci, 73, 195-200

4. Choi YH, Yoo DS, Cha MR, Choi CW, Kim YS, Choi
SU, Lee KR, Ryu SY (2010) Antiproliferative effects
of saponins from the roots of Platycodon grandiflorum
on cultured human tumor cells. J Nat Prod, 73, 1863-1867

5. Lai TY, Chen CH, Lai LS (2013) Effects of tapioca
starch/decolorized hsian-tsao leaf gum based active
coatings on the quality of minimally processed carrots.
Food Bioprocess Technol, 6, 249-258



한국식품저장유통학회지 제25권 제4호 (2018)426

6. Sahoo J, Kumar N (2005) Quality of vacuum packaged
muscle foods stored under frozen conditions: A review.
J Food Sci Technol, 42, 209-213

7. Dainty RH, Mackey BM (1992) The relationship between
the phenotypic properties of bacteria from chill-stored
meat and spoilage processes. J Appl Bacteriol, 73,
103S-114S

8. Doulgeraki AI, Paramithiotis S, Kagkli DM, Nychas GJE
(2010) Lactic acid bacteria population dynamics during
minced beef storage under aerobic or modified
atmosphere packaging conditions. Food Microbiol, 27,
1028-1034

9. Borch E, Kant-Muermans ML, Blixt Y (1996) Bacterial
spoilage of meat and cured meat products. Int J Food
Microbiol, 33, 103-120

10. Bjorkroth J (2005) Microbiological ecology of marinated
meat products. Meat Sci, 70, 477-480

11. Valero A, Carrasco E, Garcia-Gimeno RM (2012)
Principles and methodologies for the determination of
shelf-life in foods. In: Eissa AHA (Editor), Trends in
vital food and control engineering, 2nd ed, In Tech, Rijeka,
Croatia, p 3-42

12. Garcia-Gimeno RM, Zurera-Cosano G (1997)
Determination of ready-to-eat vegetable salad shelf-life.
Int J Food Microbiol, 36, 31-38

13. Vihavainen EJ, Murros AE, Bjorkroth KJ (2008)
Leuconostoc spoilage of vacuum-packaged vegetable
sausages. J Food Prot, 71, 2312-2315

14. Carlin F, Nguyen-the C, Chambroy Y, Reich M (1990)
Effects of controlled atmospheres on microbial spoilage,
electrolyte leakage and sugar content of fresh
‘ready-to-use' grated carrots. Int J Food Sci Technol,
25, 110-119

15. Urwyler SK, Glaubitz J (2015) Advantage of MALDI-
TOF-MS over biochemical-based phenotyping for
microbial identification illustrated on industrial
applications. Lett Appl Microbiol, 62, 130-137

16. Welker M (2011) Proteomics for routine identification
of microorganisms. Proteomics, 11, 3143–3153

17. Clark AE, Kaleta EJ, Arora A, Wolk DM (2013)
Matrix-assisted laser desorption ionization–time of flight
mass spectrometry: a fundamental shift in the routine
practice of clinical microbiology. Clin Microbiol Rev,
26, 547-603

18. Sogawa K, Watanabe M, Sato K, Segawa S, Ishii C,
Miyabe A, Murata S, Saito T, Nomura F (2011) Use
of the MALDI BioTyper system with MALDI-TOF mass

spectrometry for rapid identification of microorganisms.
Anal Bioanal Chem, 400, 1905-1911

19. Sanchez-Juanes F, Ferreira L, Alonso de la Vega P,
Valverde A, Barrios ML, Rivas R (2013) MALDI-TOF
mass spectrometry as a tool for differentiation of
Bradyrhizobium species: application to the identification
of Lupinus nodulating strains. Syst Appl Microbiol, 36,
565-571

20. Croxatto A, Prod’hom G, Greub G (2012) Applications
of MALDI–TOF mass spectrometry in clinical
diagnostic microbiology. FEMS Microbiol Rev, 36,
380-407

21. Korea food & Drug Administration (KFDA) Food code.
https://www.foodsafetykorea.go.kr/portal/safefoodlife
/food/foodRvlv/foodRvlv.do. (accessed April 2017)

22. ISO 4833 (1991) Microbiology-General guidance for the
enumeration of micro-organisms; Colony count technique
at 30 degrees ℃. International Organization for
Standardization. Geneva, Switzerland, p 77-79

23. Holl L, Behr J, Vogel RF (2016) Identification and growth
dynamics of meat spoilage microorganisms in modified
atmosphere packaged poultry meat by MALDI-TOF MS.
Food Microbiol, 60, 84-91

24. O’Connor-shaw RE, Roberts R, Ford AL, Nottingham
SM (1994) Shelf life of minimally processed honeydew,
kiwifruit, papaya, pineapple and cantaloupe. J Food Sci,
59, 1202-1206

25. Park S, Noh B, Han K (2012) Standardization of
manufacturing process and storage condition for
pre-processed foodstuffs (pre-processed Namul; peeled
balloon flower roots and parboiled bracken). J Korean
Soc Food Sci Nutr, 41, 1611-1618

26. D'Acunzo F, Cimmuto AD, Marinelli L, Aurigemma C,
Giusti MD (2012) Ready-to-eat vegetables production
with low-level water chlorination. An evaluation of water
quality and of its impact on end products. Ann Ist Super
Sanita, 48, 151-160

27. Food Standard Australia New Zealand Guidelines for the
microbiological examination of ready-to-eat foods.
http://www.foodstandards.gov.au/srcfiles/Guidelines%2
0for%20Micro%20exam.pdf (acessed September 2009)

28. Chris B, Uyttendaele M, Joosten H, Davies A (2011)
The Enterobacteriaceae and their significance to the food
industry. ILSI Europe, 1-48

29. Froder H, Martins CG, Souza KLO, Landgraf M, Franco
BDGM, Destro MT (2007) Minimally processed vegetable
salads: microbial quality evaluation. J Food Prot, 70,



Microbiological quality and bacterial communities of Platycodi radix (Doraji) during storage 427

1277-1280
30. Sagoo SK, Little CL, Ward L, Gillespie IA, Mitchell

RT (2003) Microbiological study of ready-to-eat salad
vegetables from retail establishments uncovers a national
outbreak of salmonellosis. J Food Prot, 66, 403-409

31. Jin TZ, Huang M, Niemira BA, Cheng L (2017) Microbial
reduction and sensory quality preservation of fresh
ginseng roots using nonthermal processing and
antimicrobial packaging. J Food Process Preserv, 41,
e12871

32. Aksu MI, Kaya M, Ockerman HW (2005) Effect of
modified atmosphere packaging and temperature on the
shelf life of sliced pastirma produced from frozen/thawed
meat. J Muscle Foods, 16, 192-206

33. Church N (1994) Developments in modified-atmosphere
packaging and related technologies: A review. Trends
Food Sci Technol, 5, 345-352

34. Gill CO, Tan KH (1980) Effect of carbon dioxide on
growth of meat spoilage bacteria. Appl Environ
Microbiol, 39, 317-319

35. Littlefield NA, Wankier BN, Salunkhe DK, McGill JN
(1966) Fungi static effects of controlled atmospheres. J
Appl Microbiol, 14, 79-81

36. Molin G (2000) Modified atmospheres. In: The
microbiological safety and quality of food. Lund BM,
Baird-Parker TC, Gould GW (Editor), Gaithersburg, MD,
USA, p 214-234

37. de Oliveira MA, de Souza VM, Bergamini AMM, Martin
ECPD (2011) Microbiological quality of ready-to-eat
minimally processed vegetables consumed in Brazil. Food
Control, 22, 1400-1403

38. Pothakos V, Stellato G, Ercolini D, Devlieghere F (2015)
Processing environment and ingredients are both sources
of Leuconostoc gelidum, which emerges as a major spoiler
in ready-to-eat meals. Appl Environ Microbiol, 81,
3529-3541

39. Van Houdt R, Aertsen A, Jansen A, Quintana AL,

Michiels CW (2004) Biofilm formation and cell-to-cell
signalling in gram negative bacteria isolated from a food
processing environment. J Appl Microbiol, 96, 177-184

40. Perez-Rodriguez F, Valero A, Carrasco E, Garcia RM,
Zurera G (2008) Understanding and modeling bacterial
transfer to foods: A review. Trends Food Sci Technol,
19, 131-144

41. Leff JW, Fierer N (2013) Bacterial communities
associated with the surfaces of fresh fruits and vegetables.
PLoS ONE, 8, e59310

42. Robbs PG, Bartz JA, Mcfie G, Hodge NC (1996) Causes
of decay of fresh-cut celery. J Food Sci, 61, 444-448

43. Murooka Y, Yamshita M (2008) Traditional healthful
fermented products of Japan. J Ind Microbiol Biotechnol,
35, 791-798

44. Zhang L, Wang Y, Yang D, Zhang C, Zhang N, Li
M, Liu Y (2015) Platycodon grandiflorus: an
ethnopharmacological, phytochemical and pharmacological
review. J Ethnopharmacol, 164, 147-161

45. Stiles ME, Holzapfel WH (1997) Lactic acid bacteria
of foods and their current taxonomy. Int J Food Microbiol,
36, 1-29

46. Hernandez-Macedo ML, Barancelli GV, Contreras-Castillo
CJ (2011) Microbial deterioration of vacuum-packaged
chilled beef cuts and techniques for microbiota detection
and characterization: a review. Braz J Microbiol, 42, 1-11

47. Eustace IJ (1981) Some factors affecting oxygen
transmission rates of plastic films for vacuum packaging
of meat. J Food Technol, 16, 73-80

48. Goulas AE, Kontominas MG (2007) Combined effect
of light salting, modified atmosphere packaging and
oregano essential oil on the shelf-life of sea bream (Sparus
aurata): Biochemical and sensory attributes. Food Chem,
100, 287-296

49. Microbiological risk assessment. Campden and Chorley
wood Food Research Association. http://www.food.gov.uk
(accessed April 2007)


	Change in microbiological quality and dominant bacterial communities during processing and storage of Platycodi radix (Doraji)
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	References


