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Sanitizer spray and brush roller treatments have been documented as an effective means of reducing Salmonella
on the surface of produce. The purpose of this study was to evaluate the efficacy of chlorine (NaOCl), peroxy-
acetic acid (PAA), and chlorine dioxide (ClO3) sprays to reduce Salmonella populations on the surface of mangoes
during washing with brush or polyvinyl chloride (PVC) rollers. Whole mangoes were spot inoculated with 100 pL
of a rifampicin-resistant Salmonella (8 log CFU/mL) cocktail at the equator and dried for 1 h. Mangoes were
washed with a lab-scale roller system with either ground water (control), or sanitizers (100 ppm NaOCI, 80 ppm
PAA, or 5 ppm ClOy) for 0, 5, 15, 30, or 60 s (n = 15 mangoes). Dey/Engley buffer (100 mL) was used to rinse
mangoes before plating on media supplemented with rifampicin. NaOCI, PAA, and ClO; spray (except for ClO; at
30 s) had significantly higher reduction on Salmonella population than water spray at all treatment times (P <
0.05) when brush rollers were used. All tested sanitizers also achieved a significantly higher reduction than water
at 5 s when PVC rollers were used (P < 0.05). Salmonella reductions achieved by brush and PVC rollers was not
statistically different (P > 0.05). After a 5 s treatment on brush and PVC rollers, NaOCl, PAA, and ClO3 spray had
ca. 3.03 and 3.45 log, 3.96 and 3.28 log, and 2.54 and 2.00 log CFU/mango reductions, respectively, whereas
water spray achieved 1.75 and 0.98 log CFU/mango reduction. Addition of sanitizers to spray water used during

brush or PVC washing in mango packinghouses can reduce Salmonella on mango surfaces.

1. Introduction

Imported fresh mangoes have been associated with five documented
outbreaks of Salmonella from serotypes Oranienburg, Newport, Saint-
paul, Braenderup, and Worthington in North America (Beatty et al.,
2004; CDC, 2006; CDC, 2012; PHAC, 1998; Sivapalasingam et al., 2003).
A limited number of studies have reported the incidence of Salmonella on
mangoes. In Brazil, Bordini et al., (2007) sampled 100 Tommy Atkins
mangoes from domestic or export warehouses with unknown prior
processing; Salmonella was identified in 2 % of samples. In Mexico,
Godinez-Oviedo et al., (2022) evaluated 300 Atafulo mangoes (reported
as piece of mango ca. 170 to 350 g) from supermarkets and fresh markets
in three states, with unknown prior processing; Salmonella was identified
on four mangoes (1.3 % positive). Salmonella was enumerated from
three of the mangos in this study, with concentrations ranging from < —
2.0 to — 1.6 log MPN/g. Also in Mexico, Ragazzo-Sanchez et al., (2009);
sampled five Tommy Atkins or Atafulo mangoes at one packinghouse,

from each reception, after washing, after hydrothermal and hydro-
cooling treatments, and during caliber selection and packaging, and at
the distribution center; Salmonella was detected on two mangoes (8 %
positive), one of each variety, both sampled after washing. This higher
incidence of Salmonella (8 %) is likely due to contamination during
washing, as Salmonella was also isolated from the tap water of the
packing operation. After contamination, survival of Salmonella on whole
and fresh-cut mangoes has been reported under various storage condi-
tions (Kroft et al., 2022; Luciano et al., 2022; Mathew et al., 2018a;
Strawn & Danyluk, 2010: Saha et al., 2023).

The United States Department of Agriculture (USDA) Animal and
Plant Health Inspection Service (APHIS) has required a hot water im-
mersion quarantine treatment for imported mangoes since 1987 to
prevent importation of fruit flies to the U.S. (Mitcham & Yahia, 2009).
The immersion time in the hot water treatment depends on the shape
and weight of the fruits. While hot water treatment is beneficial in
maintaining a mango’s firmness and color (Djioua et al., 2010), it may
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increase food safety risks due to the potential for pathogen infiltration
when the heat-treated mangoes are cooled in water.

Chlorine, often in the form of NaOCl, is commonly used in pack-
inghouses as a sanitizer to kill pathogens in water and prevent cross-
contamination (Banach et al., 2015). Alternative sanitizers, including
chlorine dioxide (ClO) and peroxyacetic acid (PAA,) are also used (CFR,
2010a; CFR, 2010b; EPA, 2006). The use of overhead spray sanitizers,
brush roller, and the combination of the both, is an effective means of
reducing Salmonella populations in packinghouses on the surface of
cantaloupe (Saucedo-Alderete et al., 2018), tomatoes (Balaguero et al.,
2015; Beuchat et al., 2001; Chang & Schneider, 2012; Pao et al., 2009;
Pao et al., 2012), oranges (Pao et al., 1999), grapefruit (Danyluk et al.,
2019), and Jalapeno peppers (Pao et al., 2012).

Limited published research assesses methods to control Salmonella
populations that may be present on the surface of mangoes prior to hot
water treatment. Fernandes et al. (2014) treated 1 x 1 cm pieces of
mango peel by submersion in different sanitizers and surfactant mix-
tures for 10 min. They concluded that the adhesion of Salmonella
Typhimurium to mangoes is a multifactorial process, in which the
roughness and hydrophobicity of the fruit surface did not affect the ef-
ficiency of sanitation treatments. A 10 min submersion does not repre-
sent a practical packinghouse treatment to remove pathogens from the
surface of mangoes. Mathew et al., (2018b) report the efficacy of chlo-
rine and peroxyacetic acid is greater than of chlorine dioxide to reduce
Salmonella populations on mangoes in simulated dump tank washes for
up to 2 min. This study was conducted to evaluate the reduction of
Salmonella populations on the surface of mangoes during an overhead
sanitizer spray on brush or PVC rollers. A pilot scale overhead spray with
brush or PVC rollers was used with three different sanitizers, NaOCl,
ClO9, and PAA. The data generated in this study are designed to help
mango packinghouses understand the efficacy of their overhead spray
and roller systems to mitigate food safety risks.

2. Material and methods
2.1. Mangoes

Mature but not ripe mangoes (Mangifera indica L. var. Tommy
Atkins), similar to those packed at commercial mango packinghouses,
that had undergone an APHIS Hot Water Treatment (USDA, 2016) were
either sourced from the National Mango Board (NMB) or bought from
local supermarkets (Auburndale and Haines City, FL). All mangoes were
imported (Ecuador, Peru, Nicaragua, and Guatemala). Mangoes were
stored at 12 °C for up to 60 days and appropriate numbers of fruits were
brought to ambient temperature (ca. 23 °C) prior to the experiment. All
fruits were individually inspected for defects (e.g., breaks in the peel,
bruises, or microbiological spoilage) prior to each experiment; any
defective mangoes were discarded.

2.2. Salmonella cultures

Salmonella serotypes included Salmonella Montevideo (isolate from
tomato outbreak, human feces; Beuchat et al.,, 2001; Zhuang et al.,
1995), Salmonella Michigan (isolate from cantaloupe outbreak, human
feces; Beuchat et al., 2001), Salmonella Muenchen (isolate from orange
juice outbreak, human feces; CDC, 1999; Kenney and Beuchat, 2020),
Salmonella Saintpaul (isolate from orange surface; Jain et al., 2009), and
Salmonella Newport (MDD314; isolate from tomato outbreak, environ-
mental; Greene et al., 2008). All cultures were resistant to 80 pg/mL
rifampicin (Rif) to allow easy identification of the inoculated strains in
the presence of a background microflora.

2.3. Inoculum preparation and mango inoculation

Each of the five strains of Salmonella, stored at —80 °C, were streaked
onto tryptic soy agar supplemented with 80 pg/mL Rif (TSAR; Difco,
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Becton Dickinson, Sparks, MD). After incubation at 35 & 2 °C for 18 + 2
h, one isolated colony from each strain was transferred into 10 mL of
tryptic soy broth supplemented with 80 ug/mL Rif (TSBR; Fluka, Sigma-
Aldrich Co., St. Louis, MO). TSBR tubes were incubated for 24 h at 35 +
2 °C. One loopful (10 uL) of each culture was transferred into new TSBR
(10 mL) and incubated for 24 h at 35 4+ 2 °C. The cells were then
centrifuged at 3,000 x g for 10 min (Allegra X-12, Beckman Coulter,
Fullerton, CA) and washed by suspending the cell pellet in 9 mL of 0.1 %
peptone (Difco, Becton Dickinson, Sparks, MD). Cells were centrifuged
three times and washed two times before suspending in 5 mL of 0.1 %
peptone water. Each bacterial strain was combined in equal volume (1
mL) to produce the five-strain Salmonella cocktail. The cocktail was
serially diluted to reach a final concentration of ca. 10% CFU/mL. The
inoculum cocktail was stored at 4 + 2 °C for up to 2 h before use.

‘Tommy Atkins’ mangoes were inoculated by spotting 100 pL (10
spots of ca. 10 pL) of the five-strain Salmonella cocktail onto the
appropriately marked mango equator, resulting ca. 10’ CFU/mango.
Inoculated mangoes were dried on stabilizers (plastic rings) on the
benchtop for 1 h before any treatments. Post-drying, concentrations
were ca. 10° CFU/mango (data not shown).

2.4. Sanitizer solution preparation

Ground water, meeting the microbiological standards for potable
water (Florida Department of Environmental Protection, 2020), from a
well (Lake Alfred, FL) was used for all experiments. Three different
overhead spray sanitizer solutions were prepared in ground water,
including: 100 ppm NaOCl (pH = 7.0), 80 ppm peroxyacetic acid (PAA),
and 5 ppm chlorine dioxide (ClO,); a ground water control was also
evaluated. These sanitizers are labeled for the postharvest washing of
fruits and vegetables and are highlighted in the “Mango Postharvest Best
Management Practices Manual” (Brecht et al., 2014). NaOCI’s high-
lighted concentration range is between 50 and 200 ppm (Brecht et al.,
2014), while PPA and ClO; cannot exceed permissible limits of 80 and 5
ppm (resulting in ClO5 residue concentration of 3 ppm) in wash water,
respectively (US CFR, 2010a; US CFR, 2010b).

The NaOCl solution was prepared by combining 9 mL of 10 % NaOCl
(Freshguard 71; Armchem, FL) with 9.5 L ground water at room tem-
perature to achieve a final concentration of 100 ppm. When required,
the solution was buffered with dilute hydrochloric acid (HCl, Fisher, Fair
Lawn, NJ) to reach pH (pH test strips; Ricca Chemical Co., Arlington,
TX) of 7.0. The PAA solution was prepared by mixing 4.3 mL of 15 %
PAA (VigorOx Citrus XA-15, PeroxyChem, LLC, Philadelphia, PA) with
9.45 L ground water at room temperature to achieve a final concentra-
tion of 80 ppm. Aqueous ClO5 was made by adding 2 L of tap water into a
Selectrocide® 2L500 (Selective Micro Technologies, Dublin, OH) packet
at room temperature. After 2 h reaction of Selectrocide® with water,
500 ppm of active ClO, concentration was verified by using wide range
chlorine dioxide test strips (Selective Micro Technologies, Canal
Winchester, OH). Once the concentration was confirmed, 500 ppm so-
lution was diluted with the appropriate amount of ground water ac-
cording to the manufacturer’s instructions, to achieve final
concentration of 5 ppm (one part 500 ppm solution to 99 parts water).

The concentration of sanitizer solutions was confirmed with a
colorimeter for NaOCl (Hach, Loveland, CO) and strips for PAA and ClO4
(Limitless Clean, Dublin, OH) at the beginning and at the end of each
experiment. Additional volumes (~1 mL of 10 % NaOCl and 1 mL of 15
% PAA) were added to adjust for the aerosolization from the spray
nozzles that lowered concentrations, when necessary.

2.5. Overhead spray and roller treatment

A lab-scale overhead spray and brush or polyvinyl chloride (PVC)
roller system was used in all experiment replications. The spray and
brush roller system was designed by Chang & Schneider (2012) and
manufactured by Agri Machinery Inc. (Orlando, FL). Two rotating nylon
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brush or PVC rollers (46 cm long and 12 cm diameter) were set in a box
measuring 46 cm by 34 cm, rotated in the same direction at 180 rpm.
Three mangoes were placed in the groove between the two rollers and
treated together at a time. Mangoes revolved on their axis in a direction
depending on their shape. Three spray nozzles (Spraying Systems Co.,
Wheaton, IL), 13 cm above rollers released a cone shaped spray at 13 psi
and 21.4 mL/s. A 20 L bucket was connected to the machine through a
spigot and pipes to feed into the machine. At least 6 L of solution had to
be in the bucket at all times in order to submerge the spigot and maintain
the pressure of the system.

One experiment replication for each sanitizer and the water control
was divided into three groups: a negative control group of uninoculated
treated mangoes; a positive control group of inoculated, untreated; and
experimental groups, of inoculated mangoes treated with overhead
spray and roller system for O, 5, 15, 30, or 60 s. Three mangoes were
treated at a time per sanitizer per time in each replication, and the
experiment was replicated five times (n = 15) (NACMCF, 2010). The
negative control group was always treated first to detect any potential
cross-contamination from the equipment.

2.6. Enumeration

Following treatment, Dey/Engley buffer (DE; 100 mL; Remel,
Thermo Scientific, Lenexa, KS) was added to whole mangoes in sterile
bags to remove Salmonella or background microflora (total aerobic
mesophyll bacteria) from the surface following a rub (30 s) — shake (30
s) — rub (30 s) protocol modified from Beuchat et al (2001). DE also
neutralized the sanitizer to prevent any further reductions in bacterial
load. After the rub-shake-rub, serially diluted samples (10-fold) were
plated (0.1 ml) in duplicate onto non-selective (TSAR) and bismuth
sulfite agar as selective media supplemented with 80 ug/mL Rif (BSAR;
Difco, Becton Dickinson, Sparks, MD) to enumerate Salmonella, or plate
count agar to enumerate for background microflora (PCA; Difco, Becton
Dickinson, Sparks, MD). To increase the limit of detection to 2 log CFU/
mango, an additional 1 mL of the lowest dilution was plated onto four
plates each (0.25 mL/plate) of non-selective (TSAR) and selective media
(BSAR).

2.7. Enrichment

When there was no Salmonella growth at the lowest dilution, samples
were enriched following U.S. FDA Bacteriological Analytical Manual
(FDA BAM) with minor adjustments (FDA, 2016). Briefly, 100 mL of
double strength lactose broth (Difco, Becton Dickinson, Sparks, MD) was
added to sample bags containing the mango and 100 mL DE and incu-
bated for 24 h at 35 + 2 °C. One mL of the overnight pre-enrichment was
transferred into tetrathionate (TT; Difco, Becton Dickinson, Sparks, MD)
broth and incubated for 24 h at 35 + 2 °C. One loopful (10 pL) of the
enrichment was streaked onto Hektoen enteric agar with Rif (HER;
Difco, Becton Dickinson, Sparks, MD), xylose lysine deoxycholate agar
with Rif (XLDR; Difco, Becton Dickinson, Sparks, MD), and BSAR, and
incubated for 24 h at 35 + 2 °C. When typical Salmonella colonies were
observed on enrichment, the population was recorded as < 2 log CFU/
mango. When no Salmonella was detected upon enrichment, <0 log
CFU/mango was recorded.

2.8. Statistical analysis

Data were statistically evaluated by analysis of variance (ANOVA)
among sanitizers and water control, selective media (TSAR and BSAR),
treatment times (0, 5, 15, 30, 60 s), and roller types (brush rollers and
PVC rollers). If no significant difference was found between TSAR and
BSAR, then TSAR data alone was further analyzed. A mean separation
was performed with Tukey’s-HSD. The software used to perform ANOVA
was RStudio (version 3.3.1; Rstudio, Inc. Boston, MA). Differences were
considered significant at P < 0.05.
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3. Results

Average populations of Salmonella inoculated onto mangoes and
enumerated on BSAR and TSAR media, respectively, were 6.94 + 0.05
and 7.13 + 0.15 log CFU/mango initially upon inoculation, and 5.78 +
0.22 and 6.39 + 0.30 log CFU/mango with following 1 h drying (Data
not shown; n = 15). Salmonella populations decreased between 0.66 and
1.23 log CFU/mango during the 1 h drying period post inoculation on
mangoes.

There was no colony growth on either TSAR or BSAR media from the
negative control mangoes, indicating that no cross-contamination
occurred during experiments and the background microflora on
mangoes was not resistant to rifampicin. Salmonella populations recov-
ered from TSAR and BSAR within treatment groups were not signifi-
cantly different (P > 0.05); TSAR results only are presented for all
subsequent Salmonella results.

3.1. Sanitizer efficacy on brush rollers

The efficacy of NaOCl (100 ppm), PAA (80 ppm), and ClO5 (5 ppm)
to reduce Salmonella populations on mangoes following overhead
treatment on brush rollers is shown in Table 1. Significant differences
were observed between NaOCI and water at treatment times of 5, 15, 30,
60 s (P < 0.05). The largest Salmonella population reduction using the
NaOCl treatment, was from 6.37 + 0.24 to < 2.54 + 0.65 log CFU/
mango after 15 s. The equivalent treatment with water alone resulted in
a Salmonella population decrease from 6.39 + 0.30 to 4.05 + 0.45 log
CFU/mango. Following a 60 s NaOCl treatment, Salmonella populations
were < 1.94 + 0.91 log CFU/mango, whereas Salmonella populations on
mangoes receiving only water treatment were 3.12 + 0.50 log CFU/
mango. The impact of NaOCl treatment time on Salmonella populations
reductions was also evaluated. There were significant differences be-
tween treatment times of 0 and all other times, 5 and 30 s, and 5 and 60 s
(P < 0.05); there was no significant difference between 5 and 15 s, and
15, 30, and 60 s (P > 0.05).

PAA treatment reduced Salmonella populations significantly more
than water at all treatment times (P < 0.05). The largest difference was
after 5's, where PAA reduced populations from 6.30 + 0.17 log to < 2.34
+ 0.57 CFU/mango, while water reduced populations from 6.39 + 0.30
to 4.64 + 0.73 log CFU/mango. Following 60 s of PAA treatment,
populations were reduced to < 1.23 £ 1.05 log CFU/mango. Evaluating
the impact of time on the reduction Salmonella populations by PAA on
brush rollers, there were significant differences in Salmonella reduction
between 0 and other treatment times, 5 and 60 s (P < 0.05); there was no
significant difference between 5, 15, and 30 s, and 15, 30, and 60 s (P >
0.05).

There was no significant difference between ClO5 and water at 30 s
(P > 0.05). Significant differences (P < 0.05) were found between water
and ClO5 at treatment times of 5, 15, and 60 s. At 60 s, ClO5 reduced
Salmonella populations from 5.99 + 0.18 to < 2.18 + 0.29 log CFU/
mango. Evaluating the impact of time on the reduction of Salmonella
populations by ClO; on brush rollers, treatment had a significant impact
on Salmonella populations between O s and all the other treatment times,
as well as 5 and 60 s (P < 0.05). There was no significant difference on
Salmonella population reductions between 5, 15, and 30 s, and 15, 30,
and 60 s (P > 0.05).

There is no significant (P > 0.05) difference in Salmonella pop-
ulations at any time following treatment with NaOCl and ClO». Signif-
icantly lower (P < 0.05) Salmonella populations were recovered from
PAA than from ClO; at all treatment times except for 15 s. The efficacy of
NaOCl and PAA was not significantly different at 15, 30, 60 s, but PAA
significantly reduced Salmonella population by at least 1 additional log
CFU/mango when compared to NaOCl following the 5 s treatment.
Salmonella populations were not significantly different using any of the
tested sanitizers after treatment on brush rollers for 15 s. Significant (P
> 0.05) reductions, beyond what had already been achieved, were not
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Table 1
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Average log CFU/mango populations and log reductions of Salmonella after overhead sanitizers and water spray with brush roller treatment of inoculated mangoes

recovered from TSAR media®.

Time Water (control) NaOCl (100 ppm) PAA (80 ppm) ClO; (5 ppm)

(s) Population Reduction Population Reduction Population Reduction Population Reduction
0 6.39 + 0.30 Aa 0 6.37 + 0.24 Aa 0 6.30 + 0.17 Aa 0 5.99 + 0.18 Aa 0

5 4.64 + 0.73 Ba 1.75 3.34 £ 0.90 Bb >3.03 <2.34 £+ 0.57 Bc >3.96 <3.45 + 0.83 Bb >2.54

15 4.05 + 0.45 BCa 2.34 <2.54 + 0.65° BCb >3.83 <1.98 + 0.60 BCb >4.32 <2.80 + 0.64 BCb >3.19

30 3.55 + 0.45 CDa 2.84 <2.44 + 0.69 Cbc >3.93 <1.62 + 0.84 BCc >4.68 <2.78 + 0.60 BCab >3.21

60 3.12 + 0.50 Da 3.27 <1.94 £ 0.91 Cbc >4.43 <1.23 £ 1.05 Cc >5.07 <2.18 £ 0.29 Cb >3.81

@ Values are mean =+ standard deviation of five replicates of experiment of 3 mangoes each (n = 15). Means with same letter in the same column (ABCD) or in the

same row (abc) are not statistically different (P < 0.05).

b < represents there were one or more replicate(s) that was (were) below the limit of detection among the 15 replicates; < 2 log CFU/mango was used for the positive
results of Salmonella enrichment, < 0 log CFU/mango was used for the negative results of Salmonella enrichment.

observed for any sanitizer by treating for more than 15 s.

The efficacy of NaOCl (100 ppm), PAA (80 ppm), and ClO; (5 ppm)
to reduce background microflora on mangoes following overhead
treatment on brush rollers is shown in Table 2. Addition of sanitizers to
spray on brush rollers did not increase reductions of background
microflora populations over water at any treatment time (P > 0.05)
(Table 2).

3.2. Sanitizer efficacy on PVC rollers

The efficacy of NaOCl (100 ppm), PAA (80 ppm), and ClO5 (5 ppm)
to reduce Salmonella populations on mangoes following overhead
treatment on PVC rollers is shown in Table 3. Reductions of Salmonella
populations following treatment with NaOCl were significantly higher
(P < 0.05) than water at all treatment times. After mangoes were treated
for 5 s, NaOCl treatment reduced Salmonella populations from 6.06 +
0.21 to < 2.61 + 0.89 log CFU/mango, while water only decreased from
6.22 £+ 0.23 to 5.24 + 0.97 log CFU/mango. Although NaOCI had an
initial log CFU/mango reduction of around 3.5 log at 5 s, subsequent
washing for up to 60 s only decreased Salmonella populations by one
additional log.

PAA treatment resulted in significantly higher Salmonella population
reduction than water treatment following 5 to 15 s of treatment (P <
0.05). Similar to the results seen with NaOCI, the most significant
reduction by PAA occurred in the first 5 s of (from 5.94 + 0.16 to < 2.66
+ 0.72 log CFU/mango reduction) (P < 0.05); no further significant
reductions were observed (P > 0.05), with populations only decreasing
by about one more log from 5 s to 60 s (Table 3).

ClO; and water achieved similar Salmonella reduction (P > 0.05) at
all treatment times except for 5 s (P < 0.05) (Table 3). ClOy reduced
Salmonella population from 6.11 + 0.21 to 4.11 + 0.70 log CFU/mango
after 5 s treatment where water achieved a 1-log reduction. There were
significantly higher differences of CFU/mango Salmonella reduction
from time O to 15 s on ClOy (P < 0.05). There was no significant dif-
ference between 15, 30, and 60 s, where ClO5 only achieved a 0.73 log
CFU/mango reduction from 15 to 60 s (P > 0.05).

The efficacy of NaOCl (100 ppm), PAA (80 ppm), and ClO; (5 ppm)

Table 2

to reduce background populations on mangoes following overhead
treatment on PVC rollers are shown in Table 4. Addition of sanitizers to
spray on brush rollers did occasionally result in significantly higher
reductions (P < 0.05) than water alone (eg. NaOCl at all treatment
times). In general, sanitizers had a limited impact on reductions of
background populations naturally found on mangoes, with no sanitizer
exceeding a 0.5 log reduction regardless of treatment time.

3.3. Comparison of brush and PVC rollers

There was no significant difference in Salmonella population re-
ductions following treatments with NaOCI, PAA, and ClO2 spray, at any
treatment time, between brush and PVC rollers (P > 0.05).

4. Discussion

During mango packing, mangoes are transferred from harvesting
containers onto the packing line using a dump tank to gently transfer the
fruit onto the line while preventing damage. Following submersion in
the dump tank they proceed onto the packing line and are washed on
under a spray bar (Brecht et al., 2014). The primary goal of washing is to
remove dirt and grit on fruit and vegetable surfaces; sanitizing chemicals
are added to postharvest wash water to prevent cross-contamination
between contaminated and uncontaminated fruits and vegetables
(Banach et al., 2015). Outbreaks from fresh fruits and vegetables (US
FDA, 2011; US FDA, 2012; US FDA, 2019), including mangoes (Siva-
palasingam et al., 2013), have been linked to post harvest water
mismanagement. The addition of sanitizers to wash water not only
prevents cross-contamination but can have the added benefit of
reducing the population of pathogens on contaminated fruits and
vegetables.

The sanitizers chlorine (200 ppm), peroxyacetic acid (80 ppm) and
chlorine dioxide (5 ppm) reduced Salmonella populations in wash water,
prevented cross-contamination and internalization of Salmonella into
submerged mangoes under simulated packinghouse dump tanks where
mangoes are submerged (Mathew et al., 2018b). Overhead spray
washing, may be advantageous over submersion as the mechanical

Average log populations and log reductions of background microflora after overhead sanitizers and water spray with brush roller treatment of not inoculated mangoes

recovered from PCA media®.

Time Water (control) NaOCl (100 ppm) PAA (80 ppm) ClO; (5 ppm)

(s) Population Reduction Population Reduction Population Reduction Population Reduction
0 4.93 + 0.65 Aab 0 4.93 + 0.65 Aab 0 4.23 + 0.66 Ab 0 3.24 + 0.57 Ac 0

5 5.36 + 0.51 Aa —0.43 5.36 + 0.51 Aa 0.60 4.22 + 0.85 Ab 0.01 3.20 + 0.77 Ac 0.04

15 5.22 + 0.62 Aa —-0.29 5.22 £ 0.62 Aa 0.74 3.96 + 0.92 Ab 0.27 3.00 + 0.48 Ac 0.24

30 5.08 + 0.37 Aa -0.15 5.08 + 0.37 Aa 0.54 3.91 + 0.85 Ab 0.32 2.72 + 0.52 Ac 0.52

60 5.06 + 0.46 Aa -0.13 5.06 + 0.46 Aa 0.70 3.53 + 1.04 Ab 0.70 2.99 + 0.83 Ab 0.25

Means with same letter in the same column (A) or in the same row (abc) are not statistically different (P < 0.05).
 Values are mean =+ standard deviation of five replicates of experiment of 3 mangoes each (n = 15).



X. Wang et al.

Table 3
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Average log CFU/mango populations and log reductions of Salmonella after overhead sanitizers and water spray with PVC roller treatment of inoculated mangoes

recovered from TSAR media®.

Time Water (control) NaOCl (100 ppm) PAA (80 ppm) ClO; (5 ppm)

(s) Population Reduction Population Reduction Population Reduction Population Reduction
0 6.22 + 0.23 Aa 0 6.06 + 0.21 Aa 0 5.94 + 0.16 Aa 0 6.11 + 0.21 Aa 0

5 5.24 + 0.97 Ba 0.98 <2.61 + 0.89" Bb >3.45 <2.66 + 0.72 Bb >3.28 4.11 + 0.70 Bc 2

15 3.78 £ 0.87 Ca 2.44 <2.05 + 1.40 BCb >4.01 <2.14 £+ 0.76 Bbc >3.8 3.07 £ 0.81 Cac 3.04

30 2.84 £ 0.71 CDa 3.38 <1.81 + 0.77 BCb >4.25 <1.95 + 0.59 Bab >3.99 2.77 + 0.60 Cab 3.34

60 2.56 + 0.61 Da 3.66 <1.60 + 0.83 Cb >4.46 <1.74 £ 0.93 Bab >4.2 <2.34 £+ 0.41 Cab >3.77

@ Values are mean =+ standard deviation of five replicates of experiment of 3 mangoes each (n = 15). Means with same letter in the same column (ABCD) or in the

same row (abc) are not statistically different (P < 0.05).

b < represents there were one or more replicate(s) that was (were) below the limit of detection among the 15 replicates; < 2 log CFU/mango was used for the positive
results of Salmonella enrichment, < 0 log CFU/mango was used for the negative results of Salmonella enrichment.

Table 4

Average log CFU/mango populations and log reductions of background microflora after overhead sanitizers and water spray with PVC roller treatment of not inoc-

ulated mangoes recovered from PCA media®.

Time Water (control) NaOCl (100 ppm) PAA (80 ppm) ClO; (5 ppm)

(s) Population Reduction Population Reduction Population Reduction Population Reduction
0 4.41 +1.42 Aa 0 3.07 £ 0.31 Ab 0 3.68 + 0.71 Aab 0 3.58 + 0.96 Aab 0

5 4.88 +£1.21 Aa -0.47 3.21 + 0.61 Ac -0.14 3.32 + 0.96 Abc 0.36 3.79 + 0.85 Aabc —-0.21

15 4.47 £1.25 Aa —0.06 2.90 + 0.48 Ab 0.17 3.43 + 1.05 Aab 0.25 3.92 + 0.74 Aab —0.34

30 4.38 £1.15 Aa 0.03 2.80 £ 0.59 Ab 0.27 3.18 + 1.01 Aab 0.50 3.96 + 0.81 Aa —0.38

60 4.27 +1.05 Aa 0.14 2.71 £ 0.45 Ab 0.36 3.19 + 1.02 Aab 0.49 3.63 £ 0.91 Aab —-0.05

Means with same letter in the same column (A) or in the same row (abc) are not statistically different (P < 0.05).
@ Values are mean =+ standard deviation of five replicates of experiment of 3 mangoes each (n = 15).

action of the rollers can remove more pathogen contamination and that
in not submerging fruit into water you prevent the potential for path-
ogen infiltration. Washing tomatoes with an overhead sanitizer spray on
brush rollers achieved at least a 3-log CFU/mL reduction of Salmonella.
This reduction was significantly higher than those achieved by water
alone, or in a model tomato dump/flume wash after 15 to 60 s (Chang &
Schneider, 2012). In the present study, a previously developed (Chang &
Schneider, 2012) overhead sanitizer spray on brush or PVC roller system
was used to evaluate the efficacy of sanitizers common in mango
packinghouses to reduce Salmonella populations on mangoes during
simulated overhead spray washing.

With the same overhead spray and brush roller system, the efficacy of
25, 50, and 100 ppm NaOCl at reducing Salmonella populations was
evaluated on inoculated tomatoes by Chang & Schneider (2012). The
Salmonella reductions on mangoes reported here consistent with the
previously reported results on tomatoes, where a 100 ppm NaOCl
treatment resulted in a ca. 3.5 log reduction at 15 s; 100 ppm NaOCl was
the only evaluated concentration of sanitizer with significantly higher
(P < 0.05) reduction than water spray results at 15 (2.3 + 0.4 log CFU/
mL) on tomatoes (Chang & Schneider, 2012). Higher Salmonella re-
ductions were observed after a 5 s NaOCl treatment of mangoes than
those seen on tomatoes. This difference between the studies on the same
spray and brush roller system could be due to the use of different type of
fruit, Salmonella strains, inoculum levels, drying time, and fruit surface
properties affecting pathogen attachment.

Addition of 80 ppm of PAA to the overhead spray reduced Salmonella
populations by significantly more than water alone (P < 0.05). Similar to
NaOCl, we report a greater Salmonella reduction over the first 5 s (ca. 4
log CFU/mango) than that was reported by Chang & Schneider, (2012)
using the same spray and brush and roller system on tomatoes. Entero-
coccus faecium NRRL B- 2354 has been proven as an acceptable Salmo-
nella surrogate for various food processes on low-moisture foods (Ahmad
et al., 2022), nuts (Brar & Danyluk, 2019), and produce (Chen & Meng,
2021). PAA use with spray-bar brush bed systems achieved limited re-
ductions of E. faecium, up to 2.2 log, on different types of fresh apples
(Shen et al., 2020; Zhu et al., 2021). Potential factors leading to the
differences between commodities high standard deviation may include

shape, morphology and surface properties of the different produce.
Although Fernandes et al. (2014) stated that the roughness and hydro-
phobicity of the fruit surfaces did not affect the efficacy of sanitizing
solution on reduction of Salmonella Typhimurium during immersion
sanitation of mangoes, the overhead spray and brush roller system may
help increase contact with sunken areas of fruit surfaces due to me-
chanical and shear forces.

ClO; spray over brush rollers resulted in significantly higher log re-
ductions than water alone (P < 0.05) except for the treatment time at 30
s (P > 0.05). Pao et al. (2009) compared the efficiency of ClO5 (5 ppm)
and water during spray washing of tomatoes inoculated with Salmonella
at low and high flow rates (5.0 and 9.3 mL/s per fruit, respectively); the
different flow rates did not significantly influence the sanitizing effect of
ClO; treatments. They report higher log reductions on tomatoes after
ClO, treatment than we report on mangoes, with spray washing with
ClO; for 10 to 60 s reduced Salmonella populations by 4.4 to 5.2-log
CFU/cm? on tomato surfaces (Pao et al., 2009). Beyond the use of a
different treatment system, this may be do to differences in shapes,
surface structures, and firmness of the fruits. That NaOCl and PAA
overhead spray treatments resulted in higher Salmonella reduction on
mangoes than an overhead spray with ClO, is consistent with the finding
of Mathew et al. (2018b) in the submersion washing of mangoes, where
Salmonella populations were higher when ClO, was used as a sanitizer.
Similar log reductions seen between the brush and dump tank washing
between this work and Mathew et al., (2018b) maybe due to the sources
of the chemicals used for the experiments; our sources were commer-
cially available sanitizers, while Mathew et al., (2018b) sourced their
NaOCl and PAA from Fisher Scientific and ClO5 from Wisconsin Phar-
macal Company LLC.

No significant differences were seen between brush and PVC rollers.
Pao et al., (2012) report similar results, where no significant differences
(P > 0.05) in Salmonella log CFU/cm? reduction were found between
roller and brush washing for 60 s on Jalapeno peppers and Roma. These
combined results suggested that the mechanical effect of brush rollers
play a minor role in reducing Salmonella on the surface of produce. The
trends in log reductions reported here are also comparable to those of
Mathew et al. (2018b), where no mechanical mango washing was
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applied.

The majority of log CFU/mango reductions achieved during the full
60 s of washing were seen during the initial 5 s for all sanitizers evalu-
ated; beyond 15 s, NaOCl, PAA, and ClO,, did not reduce Salmonella
significantly more. This implies that wash times with overhead sanitizer
sprays on brush or PVC rollers in commercial packing environments
would not provide further reduction of Salmonella on the surface of
mangoes by extending the washing time beyond 15 s. In terms of type of
sanitizers present in the overhead spray, results from the current study
are similar to those on tomatoes Chang & Schneider (2012), where
NaOCl and ClO, performed similar at all treatment times (P < 0.05); and
PAA had a significantly higher Salmonella reduction compared to other
sanitizers and water at 5 s (P > 0.05).

Negative control groups demonstrate the background microflora
levels on mango surfaces, and the difficulty of removing them. The
reduction of the native microbiota was significantly less than the
reduction of inoculated Salmonella on mango surfaces. This may be due
to a weaker attachment during the 1 h drying time of Salmonella on the
mango surface. Mango surfaces support a wide range of microorganisms,
including various species of bacteria, filamentous fungi, and yeasts (Jha
et al., 2010). Mangoes in this study had lower indigenous microbial
populations than previously documented (Jha et al., 2010; 3.0 to 5.7-log
CFU/mango in this study compared to 5.0 to 8.0-log CFU/ml). This
difference occurred might be because of cultivation conditions and lo-
cations affecting composition of indigenous microorganisms and mi-
crobial load.

5. Conclusions

The objective of current study was to evaluate the effectiveness of
postharvest overhead washing using different sanitizers and roller types
on Salmonella reduction on mango surfaces. Brush and PVC rollers were
found to have similar efficacy in reducing Salmonella populations. San-
itizers, including 100 ppm NaOCl, 80 ppm PAA, and 5 ppm ClO; sprays
were more effective than water spray in removing Salmonella, achieving
at least a 2 to 4 log CFU/mango reduction, compare to a 1 to 2 log
reduction reached by water spray after 5 s treatment. PAA was the most
effective sanitizer evaluated, resulting in a 5-log Salmonella reduction
with brush rollers at 60 s. The addition of any of the evaluated sanitizers
NaOCl, PAA, or ClO; into spray water on either roller type was more
effective than water alone. Inclusion of a sanitizer spray over PVC or
brush rollers in postharvest mango operations should help minimize
contamination on the surfaces of mangoes entering a hot water im-
mersion quarantine treatment where infiltration into the flesh is
possible.

CRediT authorship contribution statement

Xinyue Wang: Writing — review & editing, Writing — original draft,
Methodology, Investigation, Formal analysis. Zeynal Topalcengiz:
Writing — review & editing, Data curation. Michelle D. Danyluk:
Writing — review & editing, Supervision, Project administration, Meth-
odology, Funding acquisition, Conceptualization.
Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

Data will be made available on request.

Food Research International 191 (2024) 114590
Acknowledgements

This research was supported by a 2015 Center for Produce Safety
Grant. We are grateful for the input and support from the National
Mango Board and the technical assistance of Loretta Friedrich, Lidia
Valdes Garrido, Gwen Lundy, Luis Martinez, Travis Chapin, Noah Dodd,
and Jiuxu Zhang.

References

Ahmad, N. H., Hildebrandt, I. M., Pickens, S. R., Vasquez, S., Jin, Y., Liu, S., Halik, L. A.,

Tsai, H. C., Lau, S. K., D’Souza, R. C., Kumar, S., Subbiah, J., Thippareddi, H.,
Zhu, M. J., Tang, J., Anderson, N. M., Grasso-Kelley, E. M., Ryser, E. T., &
Marks, B. P. (2022). Interlaboratory evaluation of Enterococcus faecium NRRL B-2354
as a Salmonella surrogate for validating thermal treatment of multiple low-moisture
foods. Journal of Food Protection, 85(11), 1538-1552. https://doi.org/10.4315/JFP-
22-054

Balaguero, A. N., Sreedharan, A., & Schneider, K. R. (2015). Effect of overhead spray and
brush roller treatment on the survival of Pectobacterium and Salmonella on tomato
surfaces. Journal of Food Protection, 78(1), 51-56. https://doi.org/10.4315/0362-
028X.JFP-14-254

Banach, J. L., Sampers, 1., Van Haute, S., & van der Fels-Klerx, H. J. (2015). Effect of
disinfectants on preventing the cross-contamination of pathogens in fresh produce
washing water. International Journal of Environmental Research and Public Health, 12
(8), 8658-8677. https://doi.org/10.3390/ijerph120808658

Beatty, M. E., LaPorte, T. N., Phan, Q., Van Duyne, S. V., & Braden, C. (2004).

A multistate outbreak of Salmonella enterica serotype Saintpaul infections linked to
mango consumption: A recurrent theme. Clinical Infectious Diseases, 38(9),
1337-1338.

Beuchat, L. R., Harris, L. J., Ward, T. E., & Kajs, T. M. (2001). Development of a proposed
standard method for assessing the efficacy of fresh produce sanitizers. Journal of
Food Protection, 64(8), 1103-1109. https://doi.org/10.4315/0362-028x%-64.8.1103

Bordini, M. E. B., Ristori, C. A., Jakabi, M., & Gelli, D. S. (2007). Incidence,
internalization and behavior of Salmonella in mangoes, var. Tommy Atkins. Food
Control, 18, 1002-1007. https://doi.org/10.1016/j.foodcont.2006.06.003

Brar, P. K., & Danyluk, M. D. (2019). Validation of Enterococcus faecium as a surrogate for
Salmonella under different processing conditions for peanuts and pecans. Food
Microbiology, 80, 9-17. https://doi.org/10.1016/j.fm.2018.12.006

Brecht, J.K, Sargent, S.A., Kader, A.A., Mitcham, E.J., Maul, F., Brecht, P.E., & Menocal,
0. (2014). Mango Postharvest Best Management Practices Manual. UF EDIS HS
1185. https://edis.ifas.ufl.edu/publication/HS1185 Accessed May 13, 2024.

Centers for Disease Control and Prevention (CDC). (1999). Outbreak of Salmonella
serotype Muenchen infections associated with unpasteurized orange juice—United
States and Canada, June 1999. MMWR Morbidity and Mortality Weekly Report, 48,
582-585. https://www.cdc.gov/mmwr/preview/mmwrhtml/mm4827a2.htm.

Centers for Disease Control and Prevention (CDC). (2006). Foodborne outbreaks due to
confirmed bacterial etiologies, 2006. Retrieved from https://www.cdc.gov/
outbreaknet/pdf/surveillance/2006_bacterial.pdf. Accessed May 12, 2016.

Centers for Disease Control and Prevention (CDC). (2012). Multistate outbreak of
Salmonella Braenderup infections associated with mangoes. Retrieved from https://
www.cdc.gov/salmonella/braenderup-08-12/. Accessed May 12, 2016.

Chang, A. S., & Schneider, K. R. (2012). Evaluation of overhead spray-applied sanitizers
for the reduction of Salmonella on tomato surfaces. Journal of Food Science, 77(1),
M65-M69. https://doi.org/10.1111/j.1750-3841.2011.02486.x

Chen, Z., & Meng, J. (2021). Persistence of Salmonella enterica and Enterococcus faecium
NRRL B-2354 on baby spinach subjected to temperature abuse after exposure to sub-
lethal stresses. Foods, 10, 2141. https://doi.org/10.3390/foods10092141

Code of Federal Regulations (US CFR). (2010a). Secondary direct food additives
permitted in food for human consumption: chlorine dioxide. Title 21, Part 173.300.
Washington, D.C.: US Food and Drug Administration. Federal Register.

Code of Federal Regulations (US CFR). (2010b). Secondary direct food additives
permitted in food for human consumption: chemicals used in washing or to assist in
the peeling of fruits and vegetables. Title 21, Part 173.315. Washington, D.C.: US
Food and Drug Administration. Federal Register.

Danyluk, M. D., Friedrich, L. M., Dunn, L. L., Zhang, J., & Ritenour, M. A. (2019).
Reduction of Escherichia coli, as a surrogate for Salmonella spp., on the surface of
grapefruit during various packing line processes. Food Microbiology, 78, 188-193.
https://doi.org/10.1016/j.fm.2018.10.014

Djioua, T., Charles, F., Freire, M., Filgueiras, H., Ducamp-Collin, M. N., & Sallanon, H.
(2010). Combined effects of postharvest heat treatment and chitosan coating on
quality of fresh-cut mangoes (Mangifera indica L.). International Journal of Food
Science & Technology, 45(4), 849-855. https://doi.org/10.1111/j.1365-
2621.2010.02209.x

Environmental Protection Agency (EPA). (2006). Registration eligibility decision (RED) for
chlorine dioxide and sodium chlorite (case 4023). Washington, D.C.: EPA. Retrieved
from https://www3.epa.gov/pesticides/chem _search/reg_actions/reregistration/
red_PC-020503_3-Aug-06.pdf. Accessed May 12, 2016.

Food and Drug Administration (FDA). (2011). Jensen Farms, Granada, CO Environmental
Assessment conducted 9/22/2011 — 9/23/2011. Retrieved from: https://www.fda.
gov/media/82627/download. Accessed May 13, 2024.

Food and Drug Administration (FDA). (2012). Chamberlain Farms Form 483. Retrieved
from www.fda.gov/media/84322/download Accessed May 13, 2024.


https://doi.org/10.4315/JFP-22-054
https://doi.org/10.4315/JFP-22-054
https://doi.org/10.4315/0362-028X.JFP-14-254
https://doi.org/10.4315/0362-028X.JFP-14-254
https://doi.org/10.3390/ijerph120808658
http://refhub.elsevier.com/S0963-9969(24)00660-4/h0020
http://refhub.elsevier.com/S0963-9969(24)00660-4/h0020
http://refhub.elsevier.com/S0963-9969(24)00660-4/h0020
http://refhub.elsevier.com/S0963-9969(24)00660-4/h0020
https://doi.org/10.4315/0362-028x-64.8.1103
https://doi.org/10.1016/j.foodcont.2006.06.003
https://doi.org/10.1016/j.fm.2018.12.006
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm4827a2.htm
http://2016
http://2016
https://doi.org/10.1111/j.1750-3841.2011.02486.x
https://doi.org/10.3390/foods10092141
https://doi.org/10.1016/j.fm.2018.10.014
https://doi.org/10.1111/j.1365-2621.2010.02209.x
https://doi.org/10.1111/j.1365-2621.2010.02209.x
http://2024
http://2024

X. Wang et al.

Food and Drug Administration (FDA). (2016). Bacteriological Analytical Manual,
Chapter 5, Salmonella. Retrieved from https://www.fda.gov/Food/
FoodScienceResearch/LaboratoryMethods/ucm070149.htm. Accessed May 12,
2016.

Food and Drug Administration (FDA) (2019). Investigation Summary: Factors Potentially
Contributing to the Contamination of Romaine Lettuce Implicated in the Fall 2018 Multi-
State Outbreak of E. coli 0157:H7. Retrieved from https://www.fda.gov/food/
outbreaks-foodborne-illness/investigation-summary-factors-potentially-
contributing-contamination-romaine-lettuce-implicated-fall Accessed May 13, 2024.

Fernandes, P. E., Sao Jose, J. F. B., Zerdas, E. R. M. A., Andrade, N. J., Fernandes, C. M., &
Silva, L. D. (2014). Influence of the hydrophobicity and surface roughness of
mangoes and tomatoes on the adhesion of Salmonella enterica serovar Typhimurium
and evaluation of cleaning procedures using surfactin. Food Control, 41, 21-26.
https://doi.org/10.1016/j.foodcont.2013.12.024

Florida Department of Environmental Protection. (2020). 2020 Integrated Water Quality
Assessment for Florida: Sections 303(d), 305(b), and 314 Report and Listing Update.
Retrieved from https://floridadep.gov/sites/default/files/2020_IR_Master FINAL%
20-%20ADA.pdf. Accessed May 12, 2016.

Godinez-Oviedo, A., Cabrera-Diaz, E., Palacios-Marmolejo, A., Pérez-Covarrubias, O. B.,
Vargas-Daniel, R. C., Tamplin, M. L., Bowman, J. P., & Hernandez-Iturriaga, M.
(2022). Detection, quantification, and characterization of Salmonella enterica in
mango, tomato, and raw chicken purchased in the central region of Mexico. Journal
of Food Science, 87(1), 370-382. https://doi.org/10.1111/1750-3841.16003

Greene, S. K., Daly, E. R., Talbot, E. A., Demma, L. J., Holzbauer, S., Patel, N. J.,

Hill, T. A., Walderhaug, M. O., Hoekstra, R. M., Lynch, M. F., & Painter, J. A. (2008).
Recurrent multistate outbreak of Salmonella Newport associated with tomatoes from
contaminated fields, 2005. Epidemiology and Infection, 136(2), 157-165. https://doi.
org/10.1017/5095026880700859X

Jain, S., Bidol, S. A., Austin, J. L., Berl, E., Elson, F., Lemaile-Williams, M.,

Deasy, M., 3rd, Moll, M. E., Rea, V., Vojdani, J. D., Yu, P. A., Hoekstra, R. M.,
Braden, C. R., & Lynch, M. F. (2009). Multistate outbreak of Salmonella
Typhimurium and Saintpaul infections associated with unpasteurized orange
juice-United States, 2005. Clinical Infectious Diseases : an official publication of the
Infectious Diseases Society of America, 48(8), 1065-1071. https://doi.org/10.1086/
597397

Jha, S. N., Jaiswal, P., Narsaiah, K., Bhardwaj, R., Sharma, R., Kumar, R., &

Basediya, A. L. (2010). Post-harvest micro-flora on major cultivars of Indian
mangoes. Scientia Horticulturae, 125(4), 617-621. https://doi.org/10.1016/j.
scienta.2010.05.011

Kenney, S. J., & Beuchat, L. R. (2020). Survival of Escherichia coli 0157:H7 and
Salmonella Muenchen on apples as affected by application of commercial fruit waxes.
International Journal of Food Microbiology, 77, 223-231. https://doi.org/10.1016/
s0168-1605(02)00113-7

Kroft, B., Gu, G., Bolten, S., Micallef, S. A., Luo, Y., Millner, P., & Nou, X. (2022). Effects
of temperature abuse on the growth and survival of Listeria monocytogenes on a wide
variety of whole and fresh-cut fruits and vegetables during storage. Food Control,
137, Article 108919. https://doi.org/10.1016/j.foodcont.2022.108919

Luciano, W. A., Griffin, S., de Souza, T., Pedrosa, G., Alvarenga, V., Valdramidis, V., &
Magnani, M. (2022). Growth behavior of low populations of Listeria monocytogenes
on fresh-cut mango, melon and papaya under different storage temperatures. Food
Microbiology, 102, Article 103930. https://doi.org/10.1016/j.fm.2021.103930

Mathew, E. N., Muyyarikkandy, M. S., Kuttappan, D., & Amalaradjou, M. A. (2018).
Attachment of Salmonella enterica on mangoes and survival under conditions
simulating commercial mango packing house and importer facility. Frontiers in
Microbiology, 9, 1519. https://doi.org/10.3389/fmicb.2018.01519

Mathew, E. N., Muyyarikkandy, M. S., Bedell, C., & Amalaradjou, M. A. (2018). Efficacy
of chlorine, chlorine dioxide, and peroxyacetic acid in reducing Salmonella
contamination in wash water and on mangoes under simulated mango packinghouse

Food Research International 191 (2024) 114590

washing operations. Frontiers in Sustainable Food Systems., 2, 18. https://doi.org/
10.3389/fsufs.2018.00018

Mitcham, E., & Yahia, E. (2009). Alternative treatments to hot water immersion for
mango fruit. Report to the National Mango Board.

National Advisory Committee on Microbiological Criteria for Foods (NACMCF). (2010).
Parameters for determining inoculated pack/challenge study protocols. Journal of
Food Protection, 73(1), 140. https://doi.org/10.4315/0362-028X-73.1.140

Pao, S., Davis, C. L., Kelsey, D. F., & Petracek, P. D. (1999). Sanitizing effects of fruit
waxes at high pH and temperature on orange surfaces inoculated with Escherichia
coli. Journal of Food Science, 64(2), 359-362. https://doi.org/10.1111/j.1365-
2621.1999.tb15900.x

Pao, S., Kelsey, D. F., & Wilbert, L., 3rd. (2009). Spray washing of tomatoes with chlorine
dioxide to minimize Salmonella on inoculated fruit surfaces and cross-contamination
from revolving brushes. Journal of Food Protection, 72(12), 2448-2452. https://doi.
org/10.4315/0362-028x-72.12.2448

Pao, S., Long, W., 3rd, Kim, C., & Rafie, A. R. (2012). Salmonella population rebound and
its prevention on spray washed and non-washed jalapeno peppers and roma
tomatoes in humid storage. Foodborne Pathogens and Disease, 9(4), 361-366. https://
doi.org/10.1089/fpd.2011.1051

Public Health Agency of Canada (PHAC). (1998). Salmonella Oranienburg, Ontario.
Canadian Communicable Disease Report. Retrieved from https://publications.gc.ca/
collections/collection_2015/sc-hc/H12-21-24-22-eng.pdf. Accessed May 12, 2016.

Ragazzo-Sanchez, J. A., Sanchez-Pradoa, L., Gutiérrez-Martineza, P., Luna-Solanob, G.,
Gomez-Gilc, B., & Calderon-Santoyoa, M. (2009). Inhibition of Salmonella spp.
isolated from mango using bacteriocin-like produced by lactobacilli. CyTA — Journal
of. Food, 7(3), 181-187. https://doi.org/10.1080/19476330903010276

Saha, J., Topalcengiz, Z., Sharma, V., Friedrich, L. M., & Danyluk, M. D. (2023). Fate and
growth kinetics of Salmonella and Listeria monocytogenes on mangoes during storage.
Journal of Food Protection, 86(10), Article 100151. https://doi.org/10.1016/j.
jfp.2023.100151

Saucedo-Alderete, R. O., Eifert, J. D., Boyer, R. R., Williams, R. C., & Welbaum, G. E.
(2018). Cetylpyridinium chloride direct spray treatments reduce Salmonella on
cantaloupe rough surfaces. Journal of Food Safety, 38(4), e12471.

Shen, X., Su, Y., Hua, Z., Cong, J., Dhowlaghar, N., Sun, Q., Lin, S., Green, T.,
Perrault, M., Galeni, M., Hanrahan, I, Suslow, T. V., & Zhu, M. J. (2020).
Verification of peroxyacetic acid treatment against L. monocytogenes on fresh apples
using E. faecium NRRL B-2354 as a surrogate in commercial spray-bar operations.
Food Microbiology, 92, Article 103590. https://doi.org/10.1016/j.fm.2020.103590

Sivapalasingam, S., Barrett, E., Kimura, A., Van Duyne, S., De Witt, W., Ying, M.,
Frisch, A., Phan, Q., Gould, E., Shillam, P., Reddy, V., Cooper, T., Hoekstra, M.,
Higgins, C., Sanders, J. P., Tauxe, R. V., & Slutsker, L. (2003). A multistate outbreak
of Salmonella enterica Serotype Newport infection linked to mango consumption:
Impact of water-dip disinfestation technology. Clinical infectious diseases : An official
publication of the Infectious Diseases Society of America, 37(12), 1585-1590. https://
doi.org/10.1086,/379710

Strawn, L. K., & Danyluk, M. D. (2010). Fate of Escherichia coli 0157: H7 and Salmonella
spp. on fresh and frozen cut mangoes and papayas. International Journal of Food
Microbiology, 138(1), 78-84. https://doi.org/10.1016/j.ijfoodmicro.2009.12.002

United States Department of Agriculture (USDA). (2016). Treatment Manual. Retrieved
from https://www.aphis.usda.gov/import_export/plants/manuals/ports/
downloads/treatment.pdf Accessed May 12, 2016.

Zhuang, R. Y., Beuchat, L. R., & Angulo, F. J. (1995). Fate of Salmonella Montevideo on
and in raw tomatoes as affected by temperature and treatment with chlorine. Applied
Environmental Microbiology, 61, 2127-2131. https://doi.org/10.1128/
aem.61.6.2127-2131.1995

Zhu, M.-J., Shen, X., Sheng, L., Mendoza, M., & Hanrahan, I. (2021). Validation of
Enterococcus faecium NRRL B-2354 as a surrogate for Listeria monocytogenes on fresh
apples during pilot spray-bar peroxyacetic acid intervention. Food Control, 119,
Article 107472. https://doi.org/10.1016/j.foodcont.2020.107472


http://2016
https://doi.org/10.1016/j.foodcont.2013.12.024
http://2016
https://doi.org/10.1111/1750-3841.16003
https://doi.org/10.1017/S095026880700859X
https://doi.org/10.1017/S095026880700859X
https://doi.org/10.1086/597397
https://doi.org/10.1086/597397
https://doi.org/10.1016/j.scienta.2010.05.011
https://doi.org/10.1016/j.scienta.2010.05.011
https://doi.org/10.1016/s0168-1605(02)00113-7
https://doi.org/10.1016/s0168-1605(02)00113-7
https://doi.org/10.1016/j.foodcont.2022.108919
https://doi.org/10.1016/j.fm.2021.103930
https://doi.org/10.3389/fmicb.2018.01519
https://doi.org/10.3389/fsufs.2018.00018
https://doi.org/10.3389/fsufs.2018.00018
https://doi.org/10.4315/0362-028X-73.1.140
https://doi.org/10.1111/j.1365-2621.1999.tb15900.x
https://doi.org/10.1111/j.1365-2621.1999.tb15900.x
https://doi.org/10.4315/0362-028x-72.12.2448
https://doi.org/10.4315/0362-028x-72.12.2448
https://doi.org/10.1089/fpd.2011.1051
https://doi.org/10.1089/fpd.2011.1051
https://doi.org/10.1080/19476330903010276
https://doi.org/10.1016/j.jfp.2023.100151
https://doi.org/10.1016/j.jfp.2023.100151
http://refhub.elsevier.com/S0963-9969(24)00660-4/h0210
http://refhub.elsevier.com/S0963-9969(24)00660-4/h0210
http://refhub.elsevier.com/S0963-9969(24)00660-4/h0210
https://doi.org/10.1016/j.fm.2020.103590
https://doi.org/10.1086/379710
https://doi.org/10.1086/379710
https://doi.org/10.1016/j.ijfoodmicro.2009.12.002
http://2016
https://doi.org/10.1128/aem.61.6.2127-2131.1995
https://doi.org/10.1128/aem.61.6.2127-2131.1995
https://doi.org/10.1016/j.foodcont.2020.107472

	Assessing the efficacy of sanitizer sprays during brush or polyvinyl chloride (PVC) roller treatment to reduce Salmonella p ...
	1 Introduction
	2 Material and methods
	2.1 Mangoes
	2.2 Salmonella cultures
	2.3 Inoculum preparation and mango inoculation
	2.4 Sanitizer solution preparation
	2.5 Overhead spray and roller treatment
	2.6 Enumeration
	2.7 Enrichment
	2.8 Statistical analysis

	3 Results
	3.1 Sanitizer efficacy on brush rollers
	3.2 Sanitizer efficacy on PVC rollers
	3.3 Comparison of brush and PVC rollers

	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	References


