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Survival of Escherichia coli in Banana Peels after
Sanitation with Sodium Hypochlorite and during
Simulated Export Transport Conditions

ABSTRACT

The efficacy of sodium hypochlorite for banana sanitation
was assessed and the survival of Escherichia coli on
bananas during simulated export transport from Costa
Rica to the United States was evaluated. Bananas (Musa
spp., AAA group, Cavendish sub-group) were surface
inoculated with E. coli ATCC 25922 (7 log CFU/g) and
then immersed for five minutes in sodium hypochlorite
solutions (0, 50, 100, 150 and 200 ppm) adjusted to
pH 7. The population of inoculated E. coli on banana
surface was monitored during simulated export transport
conditions (14 = 1°C; 85-90% relative humidity; clusters
packed in polyethylene bags and cardboard boxes). E. coli
was enumerated at 0, 1, 5, 7, 12 and 14 days of storage
using Tripticase Soy and MacConkey agars incubated at
35 * 2°C for 24 h. Trials were performed in triplicate. A
100 ppm or higher concentration of sodium hypochlorite
yielded at least a 3-log reduction of E. coli. No significant
differences (P > 0.05) were found between 100 and 200
ppm of sanitizer. Storage time significantly influenced
(P < 0.05]) the E. coli population. Approximate 3-log

reduction of E. coli was obtained the first day of storage,
but afterwards the population remained constant (3-4 log
CFU/qg).

INTRODUCTION

Banana is is one of the most traded commodities and the
world’s most popular fruit. Worldwide, banana is grown in
more than 150 countries of tropical and sub-tropical origin
with an annual production of 164 million tons, contributing
18% of total fruit production (14). Bananas undergo many
processes and since the fruit is perishable, postharvest losses
are relatively high and occurs mostly during transportation,
handling, and storage (30). Various technologies are being
used like storage, artificial ripening, packaging, handling,
and transportation for bananas within the supply chain
(1); however, a standardized sanitation procedure is not
commonly applied and information is lacking regarding the
presence and survival of human pathogens on this fruit and
potential implications for consumer health.

As a climacteric fruit, bananas are harvested with zero
degree of ripeness (green in color), but at physiological
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maturity to assure proper ripening at the final market. In

the tropics, banana bunch age generally varies from 12 to 14
weeks. Banana harvesting consists of cutting banana bunches
and transporting them to the packing house, usually using

a cable system, and protecting the fruit from mechanical
damage. For export purposes, the fruit must be free of
superficial defects. After arrival at the packing house, bunches
are weighed and the quality control protocol is undertaken.
Then, a hand separation from the bunch takes places (de-
handing), and the floral part is removed. Banana hands

are dropped into a tank of water to remove the sap (latex)
coming out from the cut, which could stain the surface and
compromise the overall fruit quality. To avoid latex stain, 1%
aluminum sulfate may be added in the water tanks or other
chemicals such as a surfactant solution alone or combined
with hydrogen peroxide. Banana hands are then removed
from the water and cut into clusters. The fruit is selected and
placed into trays. After packaging and during transportation,
the storage temperature is reduced to diminish the fruit
respiration rate and delay its ripeness, thus extending the fruit
shelf life. Nevertheless, temperature has to be above 12°C to
avoid chilling injury (18).

The sap removing step, by immersing the clusters in an
aqueous environment, is not currently intended for sanitation
purposes but to avoid quality issues. Sanitation refers to the
physical and/or chemical approach used to remove, inhibit
and/or reduce microorganisms on the surface of products
with the goal of eliminating potential human pathogenic
microorganisms as well as spoilage microorganisms that
may compromise the quality of the product and therefore
its shelf life. Sanitizing agents used for fruits and vegetables
include halogenated compounds, acids and active oxygen
compounds. Among these, chlorinated compounds
(chlorine gas, hypochlorite salts and chlorine dioxide) are
the most widely used in the food industry due to their low
cost and high effectiveness against bacteria and fungi, their
effectiveness at room temperature and their tolerance to hard
water (15).

Survival of pathogenic microorganisms in fruits depends
on many factors such as the physicochemical characteristics
of the fruit, the postharvest processes applied, and product
handling by the consumer (3, 7, 18, 32). Studies have shown
dissimilarities in the results depending on food tested (8, 9,
12,21, 22, 27) and the pathogenic microorganisms involved.
A study carried out in 2018 reported the presence and
growth of E. coli 25922 in the peel and edible part of bananas
during postharvest and storage at controlled temperatures.
In the study, five boxes of bananas were randomly collected
from the packing line and an initial sampling was conducted
at 26°C. The boxes were then stored in a cold room at
17-18°C and samples were taken again after 4 and 18 days
of storage. A negative result for the presence of E. coli was
obtained in all of the samples analyzed. However, due
to the apparent absence of E. coli at the beginning of the
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experiment, no growth of the indicator microorganism was
observed, although storage conditions were favorable for its
development (17).

To the authors’ knowledge, no foodborne outbreaks
associated with contaminated fresh bananas have been
documented. However, pathogen survival on fresh fruits is
a potential safety issue of public health concern. This study
aimed to 1) evaluate the efficacy of sodium hypochlorite for
sanitizing the banana surface and 2) determine the survival
of Escherichia coli on banana peels during storage under
conditions simulating export transport from Costa Rica to
the United States. The research provides relevant information
to the global food industry regarding one of the most highly
consumed fruits worldwide that is of great economic and
social importance for Costa Rica and other developing
countries.

MATERIALS AND METHODS
Fruit samples

Fresh Costa Rican bananas (Cavendish variety) with a
zero degree of ripeness, 12 weeks of harvest age, and no signs
of surface damage were used. Bananas were provided by
CORBANA (National Banana Corporation, Costa Rica).

Inoculum preparation and inoculation of bananas

One isolated colony of E. coli ATCC 25922 was transferred
to 9 mL of Trypticase Soy Broth (TSB) (Difco Laboratories,
Sparks, MD) and incubated at 35 £ 2°C for § + 1 h. The
entire inoculum was then transferred to an Erlenmeyer flask
containing 400 mL of TSB and incubated at 35 + 2°C for 18
+ 2 h, until the stationary phase was reached, using a Lab
Companion SI-600 shaking incubator at a constant agitation
0f 200 rpm (Jeio Tech, Daejeon, Korea) (31). Banana
clusters (4 bananas per cluster) were independently dip
inoculated with E. coli ATCC 25922 for 20 min, simulating
the immersion time during the sap removal step currently
applied in Costa Rican banana industry, to achieve an initial
population of 7 log CFU/g (20). The inoculum significantly
surpassed the initial microbiota level naturally present in
bananas. Thus, the targeted bacteria inoculated mostly
represent the microbial population reported as the initial E.
coli population in the fruit.

Clusters were completely submerged throughout the
inoculation step and gently agitated to ensure contact of
the entire surface of each fruit with the inoculum. Bananas
were then removed from the suspension, placed on sterilized
aluminum foil, left to drain for 20 min (the period currently
used in Costa Rica after immersion for sap removal), and
assigned to the corresponding sanitation treatments.

Banana sanitation

The efficacy of commercial sodium hypochlorite
treatments to eliminate E. coli on the banana surface was
assessed at 0, 50, 100, 150 and 200 ppm (Clorox Co.,



Costa Rica). Seven banana clusters were used per replicate;
including one cluster for each of the sodium hypochlorite
concentrations, an inoculated untreated cluster as a positive
control and used to calculate the log reductions resulting
from the treatments, and a non-inoculated untreated
negative control to determine the natural population of
generic E. coli present on the fruit before the experiment.
The experiment was performed in triplicate, corresponding
to three independent biological replicates. After inoculation,
banana clusters were treated with the corresponding sanitizer
concentration in independent dump tanks with a maximum
capacity of 7 L. Solutions were adjusted to pH 7 with HCI

(1 M) and banana clusters were immersed for S min. Both
bananas and sanitizer solutions were tempered at room
temperature (25°C). Banana clusters were gently agitated to
ensure an even distribution of the solution over the surface
of the fruits. Banana clusters were then placed into sterile
stomacher bags and weighed, then 0.1% sterile peptone water
was added to reach a proportion of 1:10 (banana:peptone
water) and the fruit surface was gently hand-massaged for 1
min (12, 18). The resulting suspension was used to prepare
decimal dilutions for E. coli counts. E. coli was enumerated,
in duplicate, using the pour-plate technique with Tripticase
Soy Agar (TSA) (Difco Laboratories, Sparks, MD) and
MacConkey agar (Difco Laboratories, Sparks, MD), both
incubated at 35 + 2°C for 24 h (8). For the negative control,
the most probable number (MPN) technique was used for
enumeration given that a low concentration or absence of
generic E. coli was expected in the non-inoculated untreated
bananas (13). The non-selective media TSA was used
considering that E. coli may suffer sublethal damage due to
chlorine exposure and therefore, it may not grow as expected
in the selective agar (MacConkey agar) representing an
underestimation and, in consequence, a potential safety
concern. Thus, since injured bacteria are not normally
detected in selective media, but they resuscitate and
subsequently multiply in a suitable environment such as non-
selective media, both medias were used (28).

E. coli survival during banana simulated transportation

Survival kinetics of E. coli on the banana surface were
assessed under conditions simulating transport from Costa
Rica to the United States. Banana clusters were inoculated as
described. Inoculated samples were sprayed with a fungicide
solution with 25% of azoxystrobin (Bankit® 25 SC, Syngenta,
Costa Rica) and 1% m/v aluminum and potassium sulfate
(Banalum, Agrotico, Costa Rica) to mimic the postharvest
treatment currently applied in the banana industry in Costa
Rica. For this trial, eight banana clusters were used: one for
each of the six sampling times (0, 1, S, 7, 12 and 14 days after
inoculation), and one for each positive and negative control.
The positive control was used as a reference to calculate E.
coli population changes over time. The clusters were packed
into polyethylene plastic bags and placed into cardboard

boxes. Packaging materials were provided by the National
Banana Corporation (Costa Rica). Samples were stored at 14
+ 1°C and 8S to 90% relative humidity for up to 14 days to
simulate export transportation conditions from Costa Rica to
the United States. At each sampling point, one banana cluster
was microbiologically analyzed following the procedure
described in the sanitation experiment.

Statistical analysis

All experimental trials were performed in triplicate. For
the sanitation trial, a unifactorial unrestricted random type
experimental design was followed using E. coli log reduction
as the response variable. For the survival trial, the same
experimental design was followed using E. coli log count
as the response variable. Analysis of variance (ANOVA)
followed by Tukey’s test was performed to determine
significant differences among log reductions after sanitation
treatments in the efficacy trial and among sampling times
in the transportation experiment. The significance level was
set at 5%. JMP®9 (SAS Institute, Cary, NC) was used for
statistical analyses.

RESULTS AND DISCUSSION
Banana sanitation

A critical factor for the antibacterial efficacy of sodium
hypochlorite is pH (22, 25). The average pH values for
each treatment solution, measured before performing the
sanitation trials, are summarized in Table 1. This factor did
not differ significantly (P>0.05) among treatments; thus,
pH was not an influencing variable on the E. coli reductions
obtained. Analysis of the negative controls (non-inoculated,
untreated banana clusters) using the MPN technique for E.
coli enumeration showed a < 1.8 MPN/g population in all
samples analyzed, which is the lower limit of detection of
the most probable number method used for quantification.
This result indicates a low population of generic E. coli in the
non-inoculated samples. Thus, this variable had no influence
on the results reported. To confirm the absence of the
microbial indicator in the fruit collected from banana farms
or detect lower levels of contamination before conducting
the sanitation experiments, an increased number of samples
or an alternative approach such as sponge sampling of all the
bananas in a cluster would be required.

The population of E. coli on banana peels after inoculation
and prior to sanitation was 7.4 £ 0.2 (n = 3), using the
positive control samples as a reference. Figure 1 shows E.
coli log reductions obtained after samples were exposed to
the different sanitation treatments. When nutritive culture
media (TSA) was used for E. coli enumeration (Fig. 1a), no
significant differences (P = 1.000) were observed between
the results obtained with water (control treatment, 0 ppm
of sodium hypochlorite) and S0 ppm of the sanitizer. This
range of sodium hypochlorite concentrations is currently
used in the Costa Rican banana industry in water in dump
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TABLE 1. Average pH values of sodium hypochlorite solutions at different concentrations

used to sanitize the banana surface (mean = standard deviation, n = 3)

Sodium hypochlorite theoretical concentration (ppm) pH
S0 6.93 £0.05
100 6.96 £0.10
150 7.01 £0.04
200 7.03£0.01

FIGURE 1. E. coli ATCC 25922 reductions in (A) TSA and
(B) MacConkey agar after sanitation treatment with sodium
hypochlorite (T1: 50 ppm; T2: 100 ppm; T3: 150 ppm and
T4: 200 ppm). Error bars depict the standard deviation,
n = 3. Different letters in the bars indicate significant
differences according to Tukey’s test (P<0.05).

tanks used for sap removal. This is currently the only aqueous
environment in the postharvest procedure; thus, a higher
concentration of sanitizer would be required to adapt the
water immersion step for sanitation purposes. Further studies
would also be required to analyze mechanisms to control

the sanitizer concentration over time, given the presence of
organic matter in the tanks. The greatest reduction, around

3 log CFU/g, was obtained with a sanitizer concentration

of 100 ppm or higher; there were no significant differences
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FIGURE 2. E. coli ATCC 25922 population in (A) TSA and (B)
MacConkey agar during storage (DO: 0 days; D1: day 1; DS: day
5; D7: day 7; D12: day 12; and D14: day 14). Error bars depict
the standard deviation, n = 3. Different letters in the bars indicate
significant differences according to Tukey’s test (P<0.05).

(P>0.0S) in E. coli inactivation rates among treatments

from 100 to 200 ppm. Similar results were obtained using
MacConkey agar, a selective and differential media for Gram
negative bacteria (Fig. 1b), thus confirming the effect of the
sanitizer on the inoculum. On this last media, E. coli was
isolated from other microorganisms naturally present in the
fruit that were able to grow in TSA but not in the selective
media. In addition, sublethally damaged E. coli cells that were
not able to grow in the selective media may have caused the



differences in counts observed when using the TSA as a non-
selective enumeration agar.

The E. coli reductions obtained in this investigation
were slightly higher than values previously reported in
similar studies. Behrsing et al. (4) reported 2.3 and 2.4 log
CFU/g reductions of E. coli (TGI) in broccoli and lettuce,
respectively, treated with sodium hypochlorite at 100 ppm
for S min. Lindsey et al. (20) obtained a log reduction of
1.58 log CFU/g of E. coli O157:H7 (7 SEA13B88) in lettuce
exposed to sodium hypochlorite at 200 ppm for 2 min.
Similarly, Beuchat et al. (7) obtained 0.70, 2.02 and 2.43 log
CFU/g reductions of E. coli O157:H7 on apples, tomatoes
and lettuce, respectively, exposed to a 200 ppm hypochlorite
solution for 5 min. Differences in these results may be due to
multiple factors, including natural differences in the surfaces
of the fruits and vegetables and differences in exposure
times and inoculated strains. The efficacy of a sanitation
procedure may be reduced as the time between inoculation
and sanitation is extended. In the present study, bananas were
sanitized immediately after inoculation (16, 22), which may
have facilitated microbial elimination.

Anvarian et al,, (2) evaluated the effect of sodium
hypochlorite solutions against E. coli K-12 SCC1. As in our
research, there was no significant effect on the inactivation
of E. coli at concentrations of 0 ppm and 50 ppm when using
non-selective agar but a significant difference in the results
obtained with those concentrations was found when the
selected media was used instead. Chung et al., (10) found
that increasing the concentration of sodium hypochlorite
from S0 to 200 ppm increased the inactivation of E. coli in
different fruits and vegetables, and when water was used as
a control treatment (0 ppm sanitizer) the population of the
added inoculum remained constant.

The non-significant effect of increasing concentrations
from 100 to 200 ppm in our study was expected. Previously,
Mani et al. (22) found that increasing the sodium hypo-
chlorite concentration used to sanitize peppers from 100 to
10000 ppm and exposure times from S and 120 min did not
affect inactivation rates of aerobic mesophilic bacteria. The
authors attributed the effect to the hydrophobic nature of
pepper skins, which may repel the aqueous solution used for
sanitation purposes. Lindsey et al., (20) also found no signifi-
cant differences in the results when 100 and 200 ppm sodium
hypochlorite solutions were used to sanitize lettuce inoculat-
ed with E. coli 0157:H7 SEA13B88. Similarly, Beuchat et al.,
(7) found no significant differences in the log reductions of
a cocktail of E. coli O157:H7 strains (CA1, E0019, E09, 932,
and FS00) on tomatoes and apples sanitized for S min with
sodium hypochlorite solutions at concentrations ranging
from 200 to 2000 ppm.

E. coli survival during banana transportation
E. coli populations in negative control samples (non-
inoculated, untreated banana clusters) were <1.8 MPN/g

in all cases. Thus, the initial E. coli population present in the
samples represents only the added inoculum. Comparison of
the E. coli population at Day 0 with the inoculated untreated
control showed no significant effect (P=1.000) of the fungicide
mixture applied before the storage period (Fig. 2).

An analysis of variance was performed to compare the
E. coli population at the different sampling points during
storage; there were no significant differences (P=1.0000)
among results obtained on days 1, 7, 12 and 14. Likewise,
there were no significant differences between E. coli
populations at days S and 7 (P=1.0000). As depicted in
Figure 2a, the greatest reduction of E. coli occurred on the
first day of storage. The population of the indicator then
remained constant from day 1 until the end of the study (day
14), with a slight increase at day S. This trend agrees with
findings previously published by Delbeke et al. (11).

One explanation for the population drop observed
on the first day of storage is that when the inoculated
microorganism was placed in a different environment, the
population decreased in response to the sudden changes in
environmental conditions, including stress factors such as
nutrient limitation, temperature variation, desiccation, and
competition with surface microbiota (27). The population
increase on day S of storage may be attributed to adaptation
of the bacteria to the new environment and/or alterations
in their cellular physiology that allowed the development of
resistance to the different environmental stress factors (27).

A similar trend was seen in the results with MacConkey
agar. Slightly lower counts were expected and were
consistently obtained because the selective and differential
media selected the microorganism of interest from the
background microbiota present in banana peels (28, 29).
When MacConkey agar was used for enumeration (Fig. 2b),
in all treatments, with the exception of day 1 of storage, no
significant differences were found (P=1.0000) with respect to
the control and a non significant effect of time on the E. coli
population in the fruit was detected (P=1.0000).

The survival of E. coli shown in Figure 2 is similar to that
reported in a study by Delbeke et al. (11). These authors
studied the survival of E. coli O157:H7 LEFMFP846 in
strawberries and basil during storage at three temperatures:
7, 15 and 22°C. Strawberries were inoculated with 5-6
log CFU/g of E. coli and basil with 4-5 log CFU/g. E.
coli survived for one week on basil at all temperatures
mentioned. At 7°C, the population of the inoculated
microorganism decreased during storage, and there was
no increase afterwards. However, at 15°C, the population
of E. coli O157:H7 decreased in the first days of storage,
then increased at day 4 and remained constant until the
end of the study (day 7). Although the strain, food matrix
and conditions differed from those used in the present
investigation, a similar storage temperature was used and
the results followed the same trend. Singh et al., (26)
studied survival of the population of a cocktail of E. coli
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(ATCC 23716,25922 and 11775) inoculated to the surface
of watermelons in the field prior to harvest. The E. coli
population suffered the greatest reduction in the first 24
hours of storage and then remained constant until the end
of the study (120 h). It is important to note that in our study
and all of the mentioned studies, E. coli survived until the
end of the storage time. The ability of this microorganism
to survive in a challenging environment should prompt

the establishment of adequate control measures to prevent
consumers from receiving contaminated fresh fruits and
vegetables. In banana, for example, the establishment of

a post-harvest sanitation process may help to avoid the
presence of unwanted microorganisms such as E. coli on the

fresh fruit and the importance of implementing a postharvest
sanitation treatment for banana safety assurance. Immersion
of banana fruit in a sodium hypochlorite solution of at

least 100 ppm for S min coupled with one day of storage at
14°C could achieve up to 6 log reduction of E. coli under

the simulated transportation conditions described in this
study. Further research, with a larger sample size, is needed
to confirm these results with different pathogenic strains of
concern and to determine the impact of sodium hypochlorite
on the sensory profile of the fruit.
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