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Abstract

opportunistic pathogenic microorganisms at markets.

Leafy greens consumed raw are consider potential reservoirs for opportunistic pathogens and are able to cross
geographical barriers by attaching to natural apertures and thrive in new niche. This study aimed to enumerate
microbiota and identify microbial species isolated from spinach (Spinacia oleracea L.) and cabbage (Brassica
oleracea var. capitata L.) at markets that are mainly supplied by small-scale farms in the Free State, South Africa.
Small-scale farm pre-harvest and post-harvest practises contribute to succession and proliferation of pathogens
at markets. Analytical profile index (API) tests were conducted for final confirmation and identification to a
specie level. Among leafy green samples enumerated, 17.4% and 13.9% were contaminated by E. coli which is
highly prevalent in cabbage and spinach followed 13.1% and 13% P. mirabilis and 12.65 and 9.6% C. cloacae
including 4.4% of L. monocytogenes and 4.9% L. ivanovii in spinach. Listeria species was not detected in any
cabbage samples. The highest count of Enterobacteriaceae ranged from 1-4.9 log CFU/g, aerobic mesophilic
bacteria ranged from 2-4.9 log CFU/g in spinach followed by aerobic mesophilic with 2-3.9 log CFU/g and
Enterobacteriaceae range from 2-4.9 log CFU/g and aerobic mesophilic while the minimum was in spinach
samples 1-2.9 log CFU/g for Listeria species. Agronomic parameters in small-scale farms, including the cold chain
abruption, contribute to the succession of opportunistic microorganisms as they are not subjected to any lethal
process employed to effectively kill pathogenic organisms. The data is crucial for evaluating the pathogenic
potential trend and its aetiology regarding cold chain abruption cross-contamination, and proliferation due to
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Introduction

Consumers perceive leafy green vegetables from retail
markets as convenient and also as an essential part con-
taining variety of imperative sources to human health.
South Africa accounts for 2.6 million tons which is 92.5%
of fresh vegetables and only 4% is exported [1]. From
2019 to 2020, the horticultural industry was highlighted
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as the second-largest agricultural sector following live-
stock production worth R141 billion and it contributed
over R 92 billion which is 29% of the total agricultural
gross value of R312 billion gross value [1]. Thus, the
informal markets, such as fresh fruits and vegetables pro-
duce markets, are responsible for the highest distribution
of fresh produce. The viability and sustainability of infor-
mal vegetable markets will exist as long as there is sub-
stantial demand from consumers in urban areas [2]. Farm
activities can influence the progression of pathogens on
the commodity, including market microbial hazards.

In various parts of South Africa vegetables are being
widely cultivated traditionally by rural farmers for several
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decades. The farmers provide vegetables to street ven-
dors, local restaurants including local markets. Washing
and disinfecting is part of minimal processing to inac-
tivate pathogenic microorganisms that may be present
by rinsing away exudates that would otherwise provide
nutrients for microbes, thereby reducing microbial load.
Due to favourable conditions and certain survival strate-
gies, pathogenic microbes are well able to thrive and shift
to a new niche and form microbiota [3]. The emergence
and proliferation of dominant microbial populations
are caused by the wide range of metabolic mechanisms
found in the microbial pool [4]. Studies have highlighted
the advantages and disadvantages of washing fresh per-
ishable vegetables with various disinfectants, includ-
ing their limitations and alternatives [5, 6]. For example,
other studies showed how the depletion of free-chlorine
disinfectants attributed to the dissemination of contami-
nation of pathogens between different fresh vegetables
and fruit commodity batches [7, 8]. [9] demonstrated
that failure to maintain disinfectant levels in the washing
of spinach resulted in cross-contamination between the
batches leading to an outbreak with 200 confirmed cases
of food poisoning and seven deaths. Studies by Abatcha
et al. [10] and Yang et al. [11] also highlighted the sta-
tistics of foodborne poisoning cases including deaths
caused by foodborne pathogens isolated from contami-
nated leafy greens.
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The interaction that occurs between pathogens and
fresh vegetables is multifaceted with the probability of
contamination occurring at critical points such as har-
vesting, initial processing at the facility, transportation,
and final preparation in the kitchen [12]. This is one of
the critical reasons to conduct comprehensive research
on the interaction, microbial phyllosphere and micro-
bial traits, including the transition, antagonist behaviour,
resources, and dominance of these microbes on plants.
Hazard analysis critical and control points including food
safety programmes are imperative to avoid any available
hazards during production and cold chain. The study is
important as it identifies what human being consumes
as these commodities are consumed raw and as part of
a nutritional diet and staple food which is mostly con-
sumed in South Africa.

Materials and methods

Study area

The present study was conducted by procuring two hun-
dred and fifty samples of raw unpackaged spinach phyl-
losphere and hundred and ninety samples of cabbage
heads from five markets that are mostly supplied by
small-scale farms (Fig. 1). The selected markets represent
the major markets that supply most leafy greens to con-
sumers, making the results of the study representative.
Samples were collected in the following towns in the Free
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Fig. 1 South Africa map showing free state province where the samples were collected
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State Province, South Africa: Motheo District - Bloem-
fontein (29.1217°S, 26.2128°E), Lejweleputwa District
- Henneman (28.9784°S, 27.0264°E), Thabo Mofutsan-
yana District - Ladybrand (28.5225°S, 27.5241° E, Fezile
Dabi District - Kroonstad (27.6373°S, 27.2323°E), and
Thabo Mofutsanyana District - Ficksburg (29.1136°S,
27.2718°E). The province is located on the highveld, a pla-
teau rising to elevations of 6,000 feet (1,800 m) in the east
and sloping to about 4,000 feet (1,200 m) in the west. The
climate varies from warm and temperate with an annual
rainfall of 40 inches (1,020 mm) in the east to semiarid
with rainfall of only 15 inches (380 mm) in the far west.
Mean annual surface temperatures gradually increase
from about 58° F (14° C) in the east to 62° F (17° C) in
the west. Frost and rainfall are common over the entire
province.

Sampling technique

The study design used random sampling which was
conducted on spinach and cabbage samples from three
different sections of the stored samples ready for pur-
chase. To ensure that sample collection was representa-
tive, at least six areas, the middle part and two sides of
the stored samples were assessed. The samples collected
were selected based on the sampling technique in which
each sample has an equal probability of being chosen.
A sample chosen is meant to be an unbiased represen-
tation of the total population [13]. Leafy green samples
were analysed for each of the following microorganisms
or microbial species: total aerobic mesophilic bacteria,
Enterobcateriacea (total coliforms), coagulase-positive
Bacillus and Listeria. All samples were collected asepti-
cally, subsequently transported to the laboratory, and
were prepared and plated on various pre-solidified agars
from the samples homogenates and incubated within
12 h, on the same day of collection. Duplicates of aero-
bic mesophilic count, Enterobacteriaceae count (total
coliform), Bacillus count, and Listeria count were enu-
merated from the homogenate of the samples prepared.
Plate count agar, including selective media such as Vio-
let red bile agar (VRBA), Bacillus chromoSelect agar
(Merck, South Africa), and Brilliance chromogenic Liste-
ria [ThermoFisher, Scientific, South Africa] was utilised
[14]. The isolated colonies were counted using an 80 Scan
1200° Automated Colony Counter [Interscience]. The
mean number of colonies counted for all count types was
expressed in log colony forming units (CFUs).

Total aerobic mesophilic and Enterobacteriaceae

The enumeration of the total viable aerobic mesophilic
count was determined utilising plate count agar (PCA)
and nutrient agar medium. Samples were serially diluted
in buffered peptone water (BPW), whereafter aliquots of
0.1 ml were inoculated using the plate count spread-plate
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technique, and incubated at 37°C/48 h [14]. To count,
0.1 ml of a10'-10° serial dilution of the leafy green veg-
etable samples was spread plated on violet-red bile agar
and Plate count agar. Plates were incubated at 32 °C for
24 h after spreading. Red to pink colonies, surrounded by
precipitated bile, were counted as coliforms [15].

Isolation of Bacillus spp

Samples were serially diluted in BPW, inoculated on
Bacillus ChromoSelect agar, and spread evenly onto the
surface of each plate with a sterile glass spreading rod
before being incubated at 37°C for 48 h [16]. Peacock
blue colonies with blue zones were subjected to appro-
priate biochemical tests such as basic characterization
which include gram staining, motility, fermentation and
enzymatic reaction were observed [17, 18].

Isolation of Listeria spp

Approximately 25 g of each sample was homogenized
with Listeria broth and stomach for a minimum of 30 s
to thoroughly mix the sample. The broth was incubated
without agitation at 30°C for 24+ 2 h. The bag was gen-
tly agitated and a microbiological loop was utilised to
remove 0.1 ml and inoculate it onto a Brilliance Liste-
ria agar plate (chromogenic) accodign to Mritunjay and
Kumar, 2015 [19]. The inoculum was carefully spread
as soon as possible over the surface of the plate using a
sterile spreader without touching the sides of the plate
with the spread. The inoculated plates were inverted and
incubated at 37°C for 24 +2 h. The plates were examined
for blue colonies with and without opaque white halos
[ISO 16140 standard]. As an additional test, the type of
haemolysis was observed [20].

Biochemical tests

Isolates were further characterized biochemically using
API 20E for Enterobacteriaceae and related genera whilst
API 20NE was utilised for the identification of non-fas-
tidious and non-enteric Gram-negative rods. API 50
CHB/E Medium was utilised for the identification of
Bacillus and related genera, as well as Gram-negative
rods belonging to the Enterobacteriaceae and Vibriona-
ceae families and API Listeria for the identification of
Listeria [bioMérieux, France]. The tests were performed
according to the manufacturer’s instructions.

Colonies were streaked out on plate count agar plates
and blood agar for pure colonies. Briefly, 1-4 colonies
of identical morphology from young cultures (18-24 h)
were picked and emulsified in 5 ml of sterile sodium chlo-
ride (0.85%) for API 20E, 20NE, and 50CHB/E and the
turbidity was adjusted to the equivalent of the turbidity
of 0.5 McFarland standards. The standardized bacterial
suspension was carefully distributed into the tubes of the
test strip to avoid the formation of bubbles. Anaerobiosis
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was created by overlaying with sterile mineral oil and the
strips were subsequently incubated in a humid atmo-
sphere for 18—24 h at 37 °C.

Data analysis

Data interpretation was performed using the API data-
base with the apiwebTM identification software to obtain
the identification result for each strain tested. Statistical
analysis of the data on growth medium influencing the
prevalence of pathogens and microbial mean counts was
performed using the general linear model of SAS soft-
ware version 9.2 to determine the analysis of variance
(ANOVA). Tukey’s least significant difference (LSD),
described by Steel and Tourie (1980), was utilised to
determine the significant results between variants. The
statistical difference between treatment means was deter-
mined at the (p<0.05) probability level. The Shapiro-
Wilks test was performed on standardised residuals to
test for any deviations from normality [21]. The growth
medium influencing the prevalence of pathogens and
the microbial mean count was subjected to multivariate
data analysis, using principal component analysis (PC-
XLSTAT 2015) to identify and evaluate the groupings
between the variables.

Results and discussion

Cabbage phyllosphere microbial count concentrations

A significant interaction between markets in different
towns and microbial mean counts in 10® and 10* concen-
trations was observed (Table 1). Microbial concentrations
10® and 10* had highly significant (P<0.05) microbial
mean counts. The h microbial mean count observed
for PCA in 10* in Ladybrand Ficksburg, Kroonstad

Page 4 of 12

correlated followed by Bloemfontein the lowest count in
Hennemann, respectively.

As illustrated in Table 1, a significantly (P <0.05) high
microbial mean count for 10° and 10* were observed for
PCA in all markets. The microbial mean count observed
for PCA in Ladybrand, Ficksburg, and Kroonstad corre-
lates compared to Bloemfontein and Ladybrand micro-
bial counts. Ficksburg and Ladybrand microbial mean
count for Bacillus in all markets correlates.

Multivariate data analysis was applied using a PC
analysis to group correlating microbial mean counts.
Results from this method were comparable to those of an
ANOVA (Fig. 2).

The score plot and loading matrix, based on the
first and second principal components (PC1 and PC2)
accounted for 92.74% of the total variance. The biplot
loading in PC 1 (64.70) showed that the microbial mean
counts for PC analysis from Ladybrand and Bloemfontein
correlated with concentration percentages 4 and 5. Ficks-
burg, Ladybrand and Kroonstad microbial mean counts
correlated with concentration percentages 1, 2 and 3.
Concentration 10® and 10* were considered significant to
the (P<0.05) compared to concentration 10 and 102

Spinach phyllosphere microbial count concentrations
(Analysis of Variance)

Significant interactions between market and concentra-
tions were observed on spinach phyllosphere samples
with concentrations 10* (Table 2).

The highest microbial mean count difference for 10*
was observed in Hennemann followed by Ficksburg,
Bloemfontein and Ladybrand, with the lowest counts
observed in Kroonstad, respectively. The highest micro-
bial mean count for Bacillus was observed in Henneman

Table 1 Mean log,, cfu/ml of bacteria sampled from cabbage phyllosphere from different markets

Factors 10’ 10% Cons 103 Cons 10* Cons
Markets
Bloemfontein 69.83+37.08° 53.00+34.64° 36.16+28.39° 46.00+2042°
Ficksburg 82.50+31.04° 54.16+24.29° 33.00+10.84° 2233+1148°
Hennemann 67.50+48.16° 64.66+65.10° 39.00+38.39° 39.33+11.15%°
Kroonstad 72.00+38.63° 57.50+32.98 32.50+6.83% 14.00+8.24°
Ladybrand 85.33+14.73° 58.33+31.75° 37.66+18.28° 27.83+24.14°¢
F-value 8.76 205 038 7.67
P-value 0.0026 0.1796 0.0205" 00153
Agar
Bacillus 4533+18.92° 26.60+8.13° 19.40+10.09° 10.66+3.84°
PCA 105.53+9.15° 90.46 +26.93° 519341844 36.33+16.60°
F-value 624.83 109.37 61.28 2365
P-value 0.0001 0.0001 0.0001 0.0028
Markets x Agar
F-value 19.90 3.14 7.4 587
P-value 0.0001 0.0649 0.0055 0.0386"

“significant
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Fig. 2 Principal component biplot illustrating the variations of cabbage microbial mean count correlation in different concentrations from farms in dif-

ferent growth media. Abbreviations: PCA=Plate count agar

Table 2 Mean log,, cfu/ml of bacteria sampled from spinach phyllosphere from markets

Factors 10" Cons 102 Cons 103 Cons 10* Cons
markets
Bloemfontein 86.66+59.42° 7866+ 16.07 67.00+12.28 43.00+10.53?
Ficksburg 80.00+40.65*° 69.50+38.11° 44.66+22.88° 27.83+13.04°
Hennemann 86.66+37.21° 66.50+33.58° 4500+ 12.99° 28.50+10.27°
Kroonstad 78.83+28.35%0 72.50+39,09% 50.00+20.42° 2333+7.520¢
Ladybrand 72.33+36.95° 41.16+21.14° 27.83+1393¢ 14.6+12.06°
F-value 16.73 7.27 6.48 10.01
P-value 0.0002 0.0090 00125 0.0033"
Agar
Bacillus 3840+19.19° 3366+838° 28.83+907° 16.83+9.37°
PCA 111.40+10.94° 88.66+22.01° 57.33+16.62° 32.86+10.90°
F-value 858.90 13040 3142 2521
P-value 0.0001 0.0001 0.0005 0.0010
markets x Agar
F-value 1362 253 0.52 3.59
P-value 0.0005 0.1303 0.6811 0.0657
significant

with the lowest count observed in Bloemfontein, respec-
tively. Microorganisms identified from spinach and cab-
bage contamination from markets. Table 3, 4, 5, 6 and 7
demonstrates the pathogens isolated, their microbial
counts including dominant opportunistic pathogens
identified in both spinach and cabbage.

Multivariate data analysis

Multivariate data analysis was applied using a PC analy-
sis to group correlating microbial mean counts. Similar
results to the ANOVA were obtained using this method
(Fig. 3). Figure 3 below depicts the variations of spinach

mean counts and their correlation in different concen-
trations. Different markets were compartmentalised
according to their concentrations in various agars. The
score plot and loading matrix, based on the first and sec-
ond principal components (PC1 and PC2), accounted
for 88.52% of the total variance. The biplot loading in
PC 1 (67.61%) showed that the microbial mean count
for PC analysis correlates with concentrations 1, 2 and
3. Henneman, Ficksburg and Kroonstad microbial mean
counts correlated. Concentration 10* was considered sig-
nificant to the (P<0.05) compared to concentration 10!
10? and 10%.
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Table 3 Microbial loads present in spinach and cabbage from various markets

Microbial Samples Log CFU/g Total (%)
1-1.9 2-29 3-3.9 4-49
AMB Spinach - 52/52 C.i 84/84 A.h 69/69 P. a 268(71.7%)
27/63B.c 36/63B.c
Cabbage - 51/51 A.h 53/53Pa - 171(45.7%)
33/67B.c 34/67 B.c
ENTB Spinach 33/97E.c 67/67 E.cc 29/88 P.m 13/88 P m 314(84%)
62/62E.a 46/88 P.m 30/97 E.c 34/97 E.c
Cabbage - 21/47 E.cc 21/65E.c 44/65 E. c 161(43.0%)
26/47 E.cc 49/49 P.m
Bacillus Spinach - 4/51 Bac 47/51 Bac - 51(13.6%)
Cabbage - 42/42 Bac - - 42(11.2%)
Listeria Spinach 12/31L.m 19/31L.m - - 65(17.4%)
21/34 L.i 13/34 L.i
Cabbage - - - - -

AMB aerophilic mesophilic, ENTB Enterobacteriaceae, C. i C. indologenes; A. h—A. haemolyticus; P. a—P. aeruginosa; B. c—B. cepacia; E. c- E. coli; E. cc—E. cloacae; P.
m—~P. mirabilis; Bac- Bacillus; L. m—L. monocytogenes; L. i - L. ivanovii

Table 4 Mean log,, cfu/ml of bacteria isolated from cabbage phyllosphere from different markets

Isolates Markets Pathogens identified

Cabbage Bloemfontein  Acinetobacter haemolyticus, Escherichia.coli (99.9%), Pseudomona luteola

phyllosphere  Kroonstad Pseudomona aeruginosa, Brevibacillus laterosporus, Bacillus subtilis, Yersinia enterolitica, Enterobacter aerogenes
Henneman Burkholderia cepacia (99.7%), Proteus mirabilis(99.9%), Enterobacter cloacae (97.7%), next taxon Enterobacter am-

nigenus with (1.5%), Pseudomonas oryhabitants, Enterobacter aerogenes (98.8%), Acinetobacter Iwoffii, Escherichia
coli (99.9%), Chryseomonas luteola

Ficksburg Bacillus subtilis, Escherichia coli, Providencia alcalifaciens
Ladybrand Burkholderia cepacia, Bacillus cereus, Bacillus subtilis, Burkholderia gladioli

(%) - viable species count shown by APl Web

Table 5 Depicts the number of isolated species and percentage of positive species from cabbage samples
Leafy green type (total no. of isolated species) Number of isolated positive species from collected samples (% of positive species)

A. haemolyticus P.aeruginosa B.cereus E.cloacae B.cepacia P E.coli
mirabilis
Cabbage 51(13.6%) 53 (14.1%) 42 (11.2%) 47 (12.6%) 67 (18%) 49 (13.1%) 65 (17.4%)

(n=374)

Table 6 Pathogens identified from spinach phyllosphere isolates

Spinach Bloemfontein  Chryseobacterium indologenes (99.7%), Escherichia coli, Proteus penneri, Pseudomona luteola, Acinetobacter
phyllosphere haemolyticus
Kroonstad Bacillus cereus, Escherichia coli, Bacillus lentus (98.5%), and Bacillus subtilis (0.8), Enterobacter cloacae (99.3%)
next taxon Enterobacter asburiae with (0.2%), Bacillus megaterium, Listeria spp. (Listeria ivanovii and Listeria
monocytogenes)
Henneman Pseudomonas putida, Bacillus megaterium, Enterobacter aerogenes (98.8%), Escherichia coli (99.9%), Brevibacillus

laterosporus (97.7%), next taxon Bacillus pumilus (0.8%), Bacillus cereus, Bacillus lentus (98.5), Proteus mirabilis (99.8%),
next taxon Proteus Vulgaris group (0.2%), Chryseomonas luteola, Listeria ivanovii (96.4%), Listeria monocytogenes

(99.9%)
Ficksburg Brevibacillus non-reactive, Pseudomona luteola Burkholderia cepacia, Pseudomanas stutzeri, Proteus mirabilis, Pseudo-
Ladybrand mona aeruginosa

Pseudomona luteola, Escherichia coli, Proteus mirabilis, Burkholderia cepacia (ficksburg and Ladybrand are two differ-
ent towns, so they need to be separated)

(%) — viable species count shown by APl Web
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Table 7 Depicts the number of isolated species and percentage of positive species from spinach samples

Leafy green type (no. of isolated species

Number of isolated positive species from collected samples (% of positive species)

C.indologenes  P. mirabilis L. monocytogenes  L.ivanovii  E.asburiae  E.coli
Spinach 52 (7.4%) 88 (13%) 31 (4.4%) 34 (4.9%) 62 (8.9%) 97 (13.9%)
(n=698)

A. haemolyticus P aeruginosa  B.cereus E. cloacae B. cepacia

84 (12%) 69 (9.9%) 51(7.3) 67 (9.6%) 63 (9.1%)

Microorganisms identified from spinach and cabbage
contamination from markets

The figure below summarises the microbial count for
both spinach and cabbage samples collected from various
markets.

Among leafy green samples enumerated, 17.4% and
13.9% were contaminated by E. coli which is highly prev-
alent in cabbage and spinach followed 13.1% and 13% P.
mirabilis and 12.65 and 9.6% C. cloacae including 4.4%
of L. monocytogenes and 4.9% L. ivanovii in spinach.
Listeria species was not detected in any cabbage sam-
ples. The highest count was Enterobacteriaceae ranged
from 1-4.9 log CFU/g (84%), aerobic mesophilic bacte-
ria ranged from 2-4.9 log CFU/g (71.7%) in spinach fol-
lowed by mesophilic with 2—-3.9 log CFU/g (45.7%) and
Enterobacteriaceae range from 2-4.9 log CFU/g (43%)
and aerobic while the minimum was in spinach samples
1-2.9 log CFU/g for Listeria species. Al-Holy et al. [22]
reported that the counts for Enterobacteriaceae ranged
from 5.72 to 7.06 logl0 cfu/g in lettuce and leek, respec-
tively while high total coliform counts were also detected,
where counts ranged from 5.86 to 6.59 logl0 cfu/g in the
tested fresh leafy green vegetables sold from local mar-
kets (Fig. 4).

A study in South Africa reported that the mean coli-
form count on spinach 4.78 log CFU/g was significantly
higher than that on cabbage which was 3.65 log CFU/g,
highlighting that both cabbage and spinach from retails
were not significantly different [23]. Degaga et al. [24]
also reported the maximal count for aerobic mesophilic
bacteria enumerated in cabbage to be 6.4 log CFU/g while
the maximum Enterobacteriaceae count were recorded
in cabbage was 5.7 log CFU/g. Foods containing aerobic
mesophilic bacteria are considered as good (<4 logl0
CFU/g), average (4.0-6.71ogl0 CFU/g), poor (6.7-7.7
log10 CFU/g), and spoiled food (>7.71log10 CFU/g) [25].

Cabbage phyllosphere pathogens

The table below depicts pathogens enumerated from cab-
bage samples, the viable species count is shown in per-
centages next to each species.

The table below shows the total number of isolated spe-
cies from cabbage and percentage of enumerated patho-
gens from the commodity. The percentage of enumerated
pathogen is also provided next to the total number.

Several studies have reported microbiological quality
of leafy green from markets. Acinetobacter spp. are aero-
bic gram-negative organisms and are known skin colo-
nisers seen as normal flora of the oropharynx and skin
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Fig. 3 Principal component biplot illustrating the variations of spinach microbial mean count correlations in different concentrations in different farms

using different growth media
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Fig. 4 Microbiological count of leafy green vegetables collected from markets

in approximately 25% of healthy individuals. They have
been identified as a cause of nosocomial infections like
septicaemia, pneumonia, meningitis, urinary tract, skin
and wound infections [26]. In this study,

Acinetobacter haemolyticus (A. haemolyticus) ranged
from 3-3.9 log CFU/g in spinach and 2-2.9 log CFU/g
in cabbage. It is assumed that contamination of was from
agronomic activities, owing to its capacity to survive long
periods on dry surfaces and persist in the environment.
A study from Portugal, Carvalheira et al. [27] reported
that Acinetobacter prevalence detected on lettuce
(Lactuca sativa) from food market was 86.7% and 29.8%
while 4.4% of the strains were classified as extensively
drug-resistant. Good hygiene and handling practices
associated with food processing as well as disinfection
are very important to avoid and mitigate contamina-
tion. Pseudomonas spp. emanates from soil and water
environments, particularly those associated with human
activity [28]. Additionally, Pseudomonas aeruginosa (P.
aeruginosa) is considered an opportunistic pathogen
due to its wide range of infections and is often hard to
treat. In this study, P. aeruginosa ranged between 4—4.9
log CFU/g in spinach and 3-3.9 log CFU/g in cabbage.
In Spain, Soderqvist et al. [29] reported that the compo-
sition of baby spinach and mixed-ingredient salad bac-
terial communities changed during cold storage (8 °C),
with Pseudomonas being the most abundant high-level
taxonomic group across the samples. Khiyami et al. [30]
reported that AMB counts were between 5 log CFU/g

and 5.7 log CFU/g for cabbage while Biiyiikiinal et al.
[31] reported lettuces and spinach were also positive with
3.6 logl0 CFU/g for AMB. It is assumed that P. aerugi-
nosa and P. luteola presence is due to insufficient hygiene
during the processing and the presence of N-acyl homo-
serine lactones (AHL) which is responsible for biofilm
formation and virulence. Highly damaged leaves which
are caused by processing should be removed before pack-
aging as exudes attracts opportunistic pathogens. These
pathogens are well able to grow in storage temperature
indicating contamination due to conducive environment.
The habitat of Brevibacillus overlaps with Bacillus and
they are widespread genera of gram-positive bacteria,
recorded from diverse environmental habitats, including
soil [32]. Bacillus cereus (B. cereus) belongs to the same
subgroup as Bacillus subtilis (B. subtilis), by both pheno-
typic and rRNA sequence classification. Bacillus species
are a common cause of foodborne illnesses in humans,
and one of its most distinct features and survival mode
is the ability to produce heat-resistant spores. Several
studies also reported on toxigenic diversity and cytotox-
icity of the Bacillus spp. isolated from fresh produce and
the effects of various factors on the growth of B. cereus
[33, 34]. In this study, B. cereus highest count ranged
from 2-3.9 log CFU/g in spinach and 2-2.9 log CFU/g
in cabbage. Contamination from Bacillus spp. may be
due to its ability to withstand certain conditions and
thrive, forming part of the bacterial composition. Kim
et al. [35] reported the occurrence rate of B. cereus and
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contamination level in organic vegetables on sale in retail
markets and highlighted that the mean contamination
level to be significantly higher 1.86 log CFU/g vs. 0.69 log
CFU/g (p<0.05). In addition, six samples of organic veg-
etables were found to be contaminated with B. cereus at
over 4 log CFU/g which is categorized as unsatisfactory
according to Health Protection Agency guideline.

Enterobacter species are ubiquitous and originate
from terrestrial and aquatic environments such as water,
sewage, soil, and food including the intestinal tract of
humans, can be present in human skin surfaces causing
Urinary tract and other infections. Enterobacter cloacae
(E. cloacae) is an opportunistic pathogen due to con-
tamination from handling and inadequate sanitation.
A study [36] found Enterobacter to be the dominating
genus that was associated with leafy salad vegetables.
On this study, the highest population count for spinach
ranged from 2-2.9 CFU/g and 2-3.9 CFU/g for cabbage.
It is identified as a contaminant on the farm with a pos-
sible succession to the market, thus it is an indicator of
cross-contamination. A study reported that Iceberg let-
tuce samples had a low contamination by coliforms with
1.44 and 1.23 log10 cfu g-*, while high populations were
found in rocket and spinach, 94 and 93% with 3.44 and
3.41 logl0 cfu g-!, respectively [37]. In South Africa,
Enterobacter, Serratia, E.coli was reported to be observed
in irrigation water including leafy green while Proteus
spp. was observed in irrigation water only in farming site
E [38]. Mustafa et al. [39] identified T1SS, T2SS, T4SS
and T6SS in five E. cloacae complex strains highlighting
that the T3SS, which is a key component in the bacterial
structure helps gram-negative pathogens invade the host
with an exclusive mechanism of virulence and enables
them to bypass the extracellular barriers.

Burkholderia species are opportunistic pathogens
found on and are reported to be pathogens in leafy
green vegetables. These beneficial Burkholderia species
are free-living or endophytic and form mutualistic asso-
ciations with their host plants [40]. In this study, Burk-
holderia cepacia (B. cepacia) AMB ranged from 3-4.9
log CFU/g in spinach and 2-3.9 log CFU/g in cabbage.
This endophytic bacterium could be part of plant-pro-
moting endophytic bacteria having a mutual relationship
with other opportunistic bacteria available in the cab-
bage phyllosphere or contamination from agricultural
soil. Few studies have confirmed Burkholderia are widely
distributed in agricultural soils including two celery
samples [41]. Harrelson et al. [42], a recent study which
identified B. cepacia leafy green vegetables such as kale
(Brassica oleracea and Brassica napus), cabbage (Brassica
rapa subsp. Pekinensis), lettuce and chard (Beta vulgaris)
varieties. To date, there has been limited enumeration of
B. cepacia prevalence in leafy green vegetables compared
to investigations of their clinical epidemiology.
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Spinach phyllosphere pathogens

Tabulation of various opportunistic pathogens enu-
merated from spinach samples collected from various
markets.

The table below shows the total number of isolated spe-
cies from spinach and percentage of enumerated patho-
gens from the commodity. The percentage of enumerated
pathogen is also provided next to the total number.

Chryseobacterium indologenes (C. indologenes) ema-
nates from soil, water and food products, [43]. In this
study, C. indologenes ranged from 2-2.9 log CFU/g
(100%) in spinach, none was detected in cabbage. It is
perceived as part of microbial population as a coloniser,
that is resistant to disinfectant and a food spoilage organ-
ism. Other literature suggests that C. indologenes spp.
can resist chlorination, specifically at water munici-
pal plants, which can indicate possible water contami-
nation from the sewer [44]. Future research on this
subject can be useful to identify all the pathogens resis-
tant determinants to water chlorination and develop
countermeasures.

Proteus mirabilis (P. mirabilis) is ubiquitous in the envi-
ronment and is regarded as a part of the normal flora in
the human gastrointestinal tract. In this study, ranged
from 2-4.9 log CFU/g in spinach and 4-4.9 log CFU/g
(100%) from cabbage. P. mirabilis could be attributed to
faecal contamination due poor sanitation and to poor
hygiene or by non-composted or improperly compos-
ted manure utilised as fertiliser on spinach. Imoni et al.
[45] reported the prevalence of Enterobacteriaceae in
fresh leafy vegetables obtained from Benin, Nigeria and
observed that P. mirabilis had the lowest total Enterobac-
teriaceae counts of 6.42% and E. aerogenes with 22.94%.
Among the foodborne disease incidents reported in vari-
ous countries, the proportion of food poisoning caused
by P. mirabilis remains high [46]. For example, from 1998
to 2013, it was reported that 294 people had food poison-
ing caused by P. mirabilis in 3 provinces of China (Gong
et al. [47]). Yaseen et al. [48] also reported that adhesion
genes like mrpA and ZapA play a crucial role in facili-
tating attachment, biofilm formation including immune
evasion and that the mrpA gene is integral to the patho-
genesis of P. mirabilis. In another study, Liu et al. [41]
highlighted that whole-genome analysis of bla, 4 -bear-
ing proteus mirabilis isolates carrying bla, 4., from lettuce
vegetables in China suggest that sustained surveillance
of these foodborne pathogens among fresh vegetables is
urgent to ensure the health of food consumers. However,
reports, especially about P. mirabilis on fresh vegetables,
are still lacking [41].

In this study, L. monocytogenes ranged between 1-2.9
log CFU/g in spinach only. Owing to the Listeria spp.
capabilities, it was assumed that it might emanate from a
farm and form biofilm as a strategy to survive harsh and
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stressful environments. Another possibility could be the
temperature fluctuation of spinach during distribution
and poor sanitary practices of workers which might have
proliferated the pathogen. Tango et al. [49] indicated
the prevalence of Listeria monocytogenes (L. monocy-
togenes) to be highest on organic romaine lettuce and
spinach and found 4 of 63 (6.4%) samples of each type
of vegetable with the majority of deaths amounting to
thirty-three from a single outbreak. Listeria monocy-
togenes was prevalent in 5 out of 10 coriander leaves, 2
out of 4 spinach samples and one from 4 cabbage samples
from a local market ranged from<3 to>1100 whereas
for ready-to-eat salads it was 11 to 460. Furthermore, the
study concluded that evidence of higher number of coli-
forms was observed mostly in green leafy vegetables [50].
Harter et al. [51] mentioned that L. monocytogenes type
ST121 stress survival islet (SSI-2) together with the tran-
scriptional regulator, o® plays a role in the survival of the
cell during detergent stresses at lethal levels in survival
under oxidative and alkaline stresses response and acti-
vation of biofilms in the food processing environment.
Yoon et al. [52] reported that the L. monocytogenes bio-
film formation is the cause of increment to quaternary
ammonium compounds tolerance by increasing mem-
brane hydrophobicity promoting further adherence to
objects or surfaces.

Previous studies reported that Listeria ivanovii (L. iva-
novii) was exclusively linked to ruminants only, but it was
later highlighted that L. ivanovii infections occurred in
humans after the ingestion of contaminated food [53]. In
another study, Nyenje et al. [54], a total of 51 L. ivano-
vii strains were isolated from ready-to-eat including veg-
etables purchased from cafeterias in Alice, South Africa.
In this study, L. ivanovii ranged from 1-2.9 log CFU/g in
spinach indicating possible contamination from farms
with livestock production, including inadequate sani-
tation and poor hygiene. The primary implication of
L.ivanovii might be greater than currently documented
as it is overshadowed by L. monocytogenes owing to its
sporadic case compared to the two pathogens. Another
distinguishable reason contributing to under-document
is lack of severe symptoms which may be clinically less
recognizable, its lower virulence compared to L. mono-
cytogenes means in a healthy person its asymptomatic
resulting in undiagnosed and unreported. There is less
information available in the literature on the prevalence
and distribution of L. ivanovii along the food chain,
although it appears that, apart from L. monocytogenes, L.
ivanovii is the most frequently isolated Listeria species.

Enterobacter asburiae (E. asburiae) emanates from
soil, water and food products and is also known as
the epiphytic bacterium [55]. In this study, E. asburiae
ranged from 1-1.9 log CFU/g (100%) from spinach. It is
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speculated to be a pathogen, although more studies need
to be carried out to explore the mechanisms involved in
the pathogenesis. Lau et al. [56] shared light on E. asbur-
iae isolated from lettuce ability to produce AHL which
is for the regulation of virulence and biofilm formation
including biocidal resistance. However, further studies
are required to verify the presence and function of vir-
ulence-related genes and complex proteins produced by
E. asburiae and their regulation in interspecies microbial
growth suppression [55]. Spahr, Endimiani and Perreten,
[57] reported that the strain harboured a 163-kb conjuga-
tive IncFII (Yp) plasmid containing blaIMI -6 and puta-
tive virulence genes genetically related to strains from
a patient in France and from retail salad in Switzerland.
The finding suggests possible trans-sectoral dissemina-
tion of IMI-producing bacteria raising concerns since
they could further spread into the community. To date,
reports or studies of E. asburiae on fresh produce are still
very limited.

Escherichia coli (E. coli), is a type of bacteria that nor-
mally lives in humans and animals. It is often used as
an indicator for poor hygiene and sanitation in food
processing environments. It is highly virulent, with
a low infectious dose (10 to 100 CFU) and approxi-
mately 100,000,000 organisms must be ingested to cause
illness in a healthy person. In this study, E. coli ranged
from 3-4.9 log CFU/g in both spinach and cabbage. It
is assumed to be prevalent due to unsanitary practises
which might emanate from poor hygiene and poor post-
harvest disinfectant. Another study reported that con-
tamination at high levels ranging from 6 and 7 log CFU/g
allowed E. coli O157:H7 to spread over all processed let-
tuce samples, resulting in detectable concentration values
in 100% analysed samples [58].

Conclusion

This study provides data regarding pathogen prevalence
in farms, microbial quality and succession to markets
highlighting poor surveillance and monitoring which
appears to be increasing and spreading. The data pro-
vided is expected to support hazard analysis and epide-
miological surveillance on the prevalence of pathogens
from leafy greens. Understanding the complex microbi-
ome ecosystem that is unique for each product is impera-
tive as it provides directives on mitigation and prevention
of outbreak infections including control of the pathogen
during outbreak or recall. Good hygiene practices must
be applied until the purchase stage to ensure food safety.
The study contributes to the scholarly research on the
primary production and markets food safety of fresh
leafy green. It also contributes to the understanding of
contamination and potential risk parameters that could
influence the predominance of leafy green vegetables.
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The data may be utilised to influence further educational
efforts and future research gaps designed to provide risk
mitigation for small-scale Free State farms and markets
regarding spinach and cabbage production. Insufficient
knowledge is available on leafy green vegetable produc-
tion in the Free State except for their nutrition contents
as these are staple foods.

Abbreviations
A. haemolyticus
AMB

ANOVA

API

B. cepacia

BPW
C.indologenes
CFU/g

E. coli

E. cloacae

ENTB

L. ivanovii

L. monocytogenes
P aeruginosa

P mirabilis

PCA

PC

LSDy

VRBA

Acinetobacter Haemolyticus
Aerophilic mesophilic

Analysis of variance

Analytical profile index
Burkholderia cepacia

Buffered peptone water
Chryseobacterium indologenes
Colony forming units per gram
Escherichia coli

Enterobacter cloacae
Enterobacteriaceae

Listeria ivanovii

Listeria monocytogenes
Pseudomona aeruginosa
Proteus mirabilis

Plate count agar

Principal component analysis
Tukey's least significant difference
Violet red bile agar

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512866-026-04823-0.

[ Supplementary Material 1. ]

Acknowledgements
The author would like to thank Centre for applied Food Safety and
Biotechnology, including all the markets participated in this study.

Authors’ contribution

Conceptualization, D.A.M; Methodology, D.A.M; Investigation, D.A.M; Data
curation, DAM and S.J.N; Writing — original draft preparation, D.A.M; Writing—
review and editing D.AM and SJ.N. Supervision, S.N.J. All authors have read
and agreed to the published version of the manuscript.

Funding
This study received no external funding.

Data availability

All data generated or analysed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interest
The authors declare no competing interests.

Received: 4 December 2025 / Accepted: 2 February 2026
Published online: 07 March 2026

Page 11 of 12

References

1. Ntloedibe M. South Africa: Food processing ingredients report. GAIN report
no. SA1910. Washington DC: USDA Foreign Agricultural Service Global Agri-
cultural Information Network. 2019.

2. Marumo O, Mabuza ML. Determinants of urban consumers'participation in
informal vegetable markets: Evidence from Mahikeng, North West province,
South Africa, and implications for policy. South African Journal of Economic
and Management Sciences. 2018;21(1):1-9.

3. Poorter L, van Der Sande MT, Amissah L, Bongers F, Hordijk I, Kok J, et
al. A comprehensive framework for vegetation succession. Ecosphere.
2024;15(4):e4794.

4. San Roman M, Wagner A. An enormous potential for niche construction
through bacterial cross-feeding in a homogeneous environment. PLoS
Comput Biol. 2018;14(7):e1006340.

5. Chinchkar AV, Singh A, Singh SV, Acharya AM, Kamble MG. Potential sanitizers
and disinfectants for fresh fruits and vegetables: a comprehensive review. J
Food Process Preserv. 2022;46(10):e16495.

6. Pilizota V. Fruits and vegetables (including herbs). In Food safety manage-
ment. 2023:235-268. Academic Press.

7. Abnavi MD. Chlorine Decay and Pathogen Cross Contamination Dynamics in
Fresh Produce Washing Process. Cleveland State University; 2021.

8. Zhu X, HuiS, Huang H, Liu R, Wang S, Huang C. Antimicrobial mechanism of
chlorine dioxide and its impacts on postharvest management in horticultural
produce: a review. Postharvest Biol Technol. 2024;213:112921.

9. Warriner K, Ibrahim F, Dickinson M, Wright C, Waites WM. Internalization of
human pathogens within growing salad vegetables. Biotechnol Genet Eng
Rev. 2003;20(1):117-36.

10.  Abatcha MG, Effarizah ME, Rusul G. Antibiotic susceptibility and molecular
characterization of Salmonella enterica serovar Paratyphi B isolated from
vegetables and processing environment in Malaysia. Int J Food Microbiol.
2019;290(2):180-3.

11, Yang X, Wu Q, Huang J,Wu S, Zhang J, Chen L, et al. Prevalence and charac-
terization of Salmonella isolated from raw vegetables in China. Food Control.
2020;109(1):106915.

12. Lynch MF, Tauxe RV, Hedberg CW. The growing burden of foodborne
outbreaks due to contaminated fresh produce: risks and opportunities.
Epidemiol Infect. 2009;137(3):307-15.

13.  Bhardwaj P. Types of sampling in research. Journal of the practice of cardio-
vascular sciences. 2019;5(3):157-63.

14.  Shalini S. Study on microbiological aspects of fresh fruit and vegetables
(including green leafy vegetables) in and around National Capital Region
(NCR). Bhaskaracharya College of Applied Sciences. Dwarka, New Delhi, India.
2010.

15. Spencer JF, de Spencer ALR. Food microbiology protocols, vol. 268. Berlin,
Germany: Springer Science & Business Media; 2008. p. 14.

16.  Nithya A, Babu S. Prevalence of plant beneficial and human pathogenic
bacteria isolated from salad vegetables in India. BMC Microbiol. 2017;17(1):64.

17.  Ferdous R. detection and estimation of bacterial load in selected leafy greens
collected from diverse marketplaces of DHAKA city in BANGLADESH.

18.  Sawant SB, Mishra MK, Prabhukarthikeyan SR, Senapati AK, Samal KC. Bio-
chemical characterization of Bacillus species isolated from rice rhizosphere in
Odisha. Oryza-An International Journal on Rice. 2022;59(4):470-82.

19.  Mritunjay SK, Kumar V. Fresh farm produce as a source of pathogens: a
review. Res J Environ Toxicol. 2015;9(2):59-70.

20. Rapeanu G, Parfene GHV, Polcovnicu C, lonescu LBG. Confirmation and iden-
tification of Listeria species from fresh lettuce. Roumanian Biotechnol Lett.
2008;13(6):32-6.

21, Shapiro SS, Wilk MB. An analysis of variance test for normality (complete
samples). Biometrika. 1965;52(3-4):591-611.

22. Al-Holy M, Osaili T, El-Sayed S, Alshammari E, Ashankyty . Microbiological
quality of leafy green vegetables sold in the local market of Saudi Arabia. Ital
J Food Sci. 2013;25(4):446.

23.  Du Plessis EM, Govender S, Pillay B, Korsten L. Exploratory study into
the microbiological quality of spinach and cabbage purchased from
street vendors and retailers in Johannesburg, South Africa. J Food Prot.
2017,80(10):1726-33.

24. Degaga B, Sebsibe |, Belete T, Asmamaw A. Microbial quality and safety of
raw vegetables of Fiche Town, Oromia, Ethiopia. J Environ Public Health.
2022;2022(1):2556858.

25.  Aycicek H, Oguz U, Karci K. Determination of total aerobic and indicator
bacteria on some raw eaten vegetables from wholesalers in Ankara, Turkey.
Int J Hyg Environ Health. 2006,209(2):197-201.


https://doi.org/10.1186/s12866-026-04823-0
https://doi.org/10.1186/s12866-026-04823-0

Mohapi and Nkhebenyane BMC Microbiology

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

(2026) 26:351

Regalado NG, Martin G, Antony SJ. Acinetobacter Iwoffii: bacteremia associ-
ated with acute gastroenteritis. Travel Med Infect Dis. 2009;7(5):316-7.
Carvalheira A, Silva J, Teixeira P. Lettuce and fruits as a source of multidrug
resistant Acinetobacter spp. Food Microbiol. 2017;1(64):119-25.

Bloomfield SJ, Palau R, Holden ER, Webber MA, Mather AE. Genomic charac-
terization of Pseudomonas spp. on food: implications for spoilage, antimicro-
bial resistance and human infection. BMC microbiology. 2024;24(1):20.
Soderqyist K, Ahmed Osman O, Wolff C, Bertilsson S, Vagsholm |, Bogvist S.
Emerging microbiota during cold storage and temperature abuse of ready-
to-eat salad. Infection Ecology & Epidemiology. 2017;7(1):1328963.

Khiyami M, Noura AF, Busaeed B, Sher H. Food borne pathogen contamina-
tion in minimally processed vegetable salads in Riyadh, Saudi Arabia. Journal
of Medicinal Plants Research. 2011;5(3):444-51.

Buyukunal SK, Issa G, Aksu F, Vural A. Microbiological quality of fresh veg-
etables and fruits collected from supermarkets in Istanbul, Turkey. Journal of
Food and Nutrition Sciences. 2015.

Panda AK, Bisht SS, DeMondal S, Senthil Kumar N, Gurusubramanian G,
Panigrahi AK. Brevibacillus as a biological tool: a short review. Antonie Van
Leeuwenhoek. 2014;105(4):623-39.

Han A, Yoon JH, Choi YS, Bong Y, Jung G, Moon SK, et al. Toxigenic diversity
of Bacillus cereus isolated from fresh produce and effects of various fac-

tors on the growth and the cytotoxicity of B. cereus. Food Sci Biotechnol.
2024;33(1):219-29.

Rahnama H, Azari R, Yousefi MH, Berizi E, Mazloomi SM, Hosseinzadeh S, et al.
A systematic review and meta-analysis of the prevalence of Bacillus cereus in
foods. Food Control. 2023;143(1):109250.

Kim YJ, Kim HS, Kim KY, Chon JW, Kim DH, Seo KH. High occurrence rate and
contamination level of Bacillus cereus in organic vegetables on sale in retail
markets. Foodborne Pathog Dis. 2016;13(12):656-60.

Sen S, Saha ML. Bacteria associated with the leafy salad vegetables of Old
Dhaka City and their multiple antibiotic resistance (Mar) index. Dhaka Univ J
Biol Sci. 2022;31(2):361-9.

Kowalska B, Szczech M. Differences in microbiological quality of leafy green
vegetables. Ann Agric Environ Med. 2022;29(2):238-45.

Kgoale DM, Gokul JK, Duvenage S, Du Plessis EM, Korsten L. Profiling bacte-
rial communities of irrigation water and leafy green vegetables produced
by small-scale farms and sold in informal settlements in South Africa. CABI
Agriculture and Bioscience. 2023;4(1):36.

Mustafa A, Ibrahim M, Rasheed MA, Kanwal S, Hussain A, Sami A, et al.
Genome-wide Analysis of Four Enterobacter cloacae complex type strains:
Insights into Virulence and Niche Adaptation. Sci Rep. 2020;10(1):8150.
Mannaa M, Park |, Seo YS. Genomic features and insights into the taxonomy,
virulence, and benevolence of plant-associated Burkholderia species. Int J
Mol Sci. 2018,20(1):121.

Liu A, Phillips K, Jia J, Deng P, Zhang D, Chang S, et al. Development of a gPCR
detection approach for pathogenic Burkholderia cenocepacia associated
with fresh vegetables. Food Microbiol. 2023;1(115):104333.

Harrelson E, Zeng Q, Gao M, Toro M, Blaustein RA. Multidrug resistance in
bacteria associated with leafy greens and soil in urban agriculture systems.
Front Plant Sci. 2025;22(16):1664284.

Alon D, Karniel E, Zohar |, Stein GY. Chryseobacterium indologenes bacte-
remia: clinical and microbiological characteristics of an emerging infection.
International Journal of Clinical Medicine. 2018;9(6):520-7.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Page 12 of 12

Mukerji R, Kakarala R, Smith SJ, Kusz HG. Chryseobacterium indologenes: an
emerging infection in the USA. Case Reports. 2016;2016:bcr2016214486.
Imoni AA, Terin OV, Ogbebor AS. Prevalence of Enterobacteriaceae in Fresh
Vegetables Sold in Open Markets in Benin City Nigeria. 2023;3(4).

Wang F, Zhang W, Niu D. Foodborne enterobacteriaceae of animal origin.
Front Cell Infect Microbiol. 2021;11(28):772359.

Gong Z, Shi X, Bai F, He X, Zhang H, Li Y, Wan Y, Lin Y, Qiu Y, Chen Q Hu Q.
Characterization of a novel diarrheagenic strain of Proteus mirabilis associ-
ated with food poisoning in China. Front Microbiol. 2019;10:2810.

Yaseen HS, Thewaini QN, Jassim ZM. Prevalence and role of adhesion genes
in. Proteus mirabilis. SAR J Pathol Microbiol. 2024;5(4):148-55.

Tango CN, Choi NJ, Chung MS, Oh DH. Bacteriological quality of vegetables
from organic and conventional production in different areas of Korea. J Food
Prot. 2014;77(8):1411-7.

Pingulkar, Anu Kamat, Dilip Bongirwar K. Microbiological quality of fresh leafy
vegetables, salad components and ready-to-eat salads: an evidence of inhibi-
tion of Listeria monocytogenes in tomatoes. International journal of food
sciences and nutrition. 2001;52(1):15-23.

Harter E, Wagner EM, Zaiser A, Halecker S, Wagner M, Rychli K. Stress survival
islet 2, predominantly present in Listeria monocytogenes strains of sequence
type 121, is involved in the alkaline and oxidative stress responses. Appl
Environ Microbiol. 2017;83(16):00827-e917.

YoonY, Lee H, Lee S, Kim S, Choi KH. Membrane fluidity-related adaptive
response mechanisms of foodborne bacterial pathogens under environmen-
tal stresses. Food Res Int. 2015;72:25-36.

Rossi F, Giaccone V, Colavita G, Amadoro C, Pomilio F, Catellani P. Virulence
characteristics and distribution of the pathogen Listeria ivanovii in the envi-
ronment and in food. Microorganisms. 2022;10(8):1679.

Nyenje ME, Tanih NF, Green E, Ndip RN. Current status of antibiograms of
Listeria ivanovii and Enterobacter cloacae isolated from ready-to-eat foods in
Alice, South Africa. Int J Environ Res Public Health. 2012;9(9):3101-14.

Lau YY, Yin WF, Chan KG. Enterobacter asburiae strain L1: complete genome
and whole genome optical mapping analysis of a quorum sensing bacte-
rium. Sensors. 2014;14(8):13913-24.

Lau YY, Sulaiman J, Chen JW, Yin WF, Chan KG. Quorum sensing activ-

ity of Enterobacter asburiae isolated from lettuce leaves. Sensors.
2013;13(10):14189-99.

SpahrY, Endimiani A, Perreten V. Genomic comparative analysis of Entero-
bacter asburiae harbouring a conjugative bla IMI— 6-plasmid isolated from a
public garden in Switzerland. Eur J Clin Microbiol Infect Dis. 2025;23:1-6.
Bolivar A, Saiz-Abajo MJ, Garcia-Gimeno RM, Petri-Ortega E, Diez-Leturia

M, Gonzélez D, et al. Cross contamination of Escherichia coli O157: H7 in
fresh-cut leafy vegetables: Derivation of a food safety objective and other risk
management metrics. Food Control. 2023;1(147):109599.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Succession and proliferation of opportunistic pathogens on leafy greens at retail markets
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study area
	﻿Sampling technique
	﻿Total aerobic mesophilic and Enterobacteriaceae
	﻿Isolation of Bacillus spp
	﻿Isolation of Listeria spp
	﻿Biochemical tests
	﻿Data analysis

	﻿Results and discussion
	﻿Cabbage phyllosphere microbial count concentrations
	﻿Spinach phyllosphere microbial count concentrations (Analysis of Variance)
	﻿Multivariate data analysis
	﻿Microorganisms identified from spinach and cabbage contamination from markets
	﻿Cabbage phyllosphere pathogens
	﻿Spinach phyllosphere pathogens

	﻿Conclusion
	﻿References


