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ABSTRACT

In-plant validation of an alternative washing and sanitizing method was conducted at a cantaloupe packing operation in

Mexico. This method consisted of a spray water wash followed by spraying warm (55 to 60uC) 2% L-lactic acid solution and was

compared with the existing method of spray washing the melons with tap water followed by immersion in a chlorinated water tank.

Surface samples (100 cm2) were collected from 160 melons subjected to each processing method and tested for counts of aerobic

bacteria, coliforms, and Escherichia coli. The aerobic plate counts from cantaloupes washed in the dump tank ranged from 3.6 to 5.2

log CFU/cm2 and were significantly higher (P , 0.05) than those from melons treated with the alternative spray method, which

ranged from 1.8 to 2.6 log CFU/cm2. Coliform counts for cantaloupes treated in the dump tank were 0.2 to 2.2 log CFU/cm2 and

were below the detection level (26.0 log CFU/cm2) on cantaloupes treated by the spray method. Growth of E. coli was observed in

2.5% of the samples of cantaloupes treated in the dump tank and in none of the samples of cantaloupes treated by lactic acid spray (P
, 0.05). These results support the elimination of dump tanks in cantaloupe packing operations established by the Mexican

government for certification of firms exporting cantaloupes to the United States. When a sanitizer is to be applied to the product,

lactic acid seems to be a viable option, at least for products such as cantaloupes whose quality is not affected by an acid wash.

Importation of cantaloupe from Mexico to the United

States has been suspended since 2002 because of an import

alert released after the occurrence of several outbreaks of

salmonellosis linked to cantaloupes shipped from specific

Mexican farms (31). Salmonella serotype Poona, which is

usually associated with reptiles, was responsible for three

outbreaks occurring in 2000, 2001, and 2002 (11). An

additional outbreak caused by Salmonella serotype Anatum

also occurred in 2002 (31). A recent outbreak of

salmonellosis in which 51 individuals were infected with

the same genetic fingerprint of Salmonella Litchfield (12)
was traced back to cantaloupes grown and packed in

Honduras. This outbreak led to a large recall and an import

alert for melons coming from a specific Honduran company

(32). At least 10 outbreaks of foodborne illness associated

with consumption of cantaloupes have been reported in the

United States. Of these outbreaks, nine have been caused by

Salmonella (5, 10, 11, 18, 22, 31) and one was caused by

Escherichia coli O157:H7 in Oregon, although in this case

the cantaloupes and other items in a salad bar likely were

cross-contaminated during cutting (13). However, the

sources and mechanisms for melon contamination still are

unclear. In a recent binational study (8), cantaloupe farms

from Mexico and the United States were investigated for

Salmonella contamination and the presence of E. coli as an

indicator of unsanitary operations. During this study, the

packing facility was identified as the site with the greatest

opportunities for bacterial contamination. Subsequently,

Johnston et al. (16, 17) reported that during cantaloupe

packing operations the populations of different bacterial

indicators increased significantly. Different strategies have

been developed for minimizing the presence of bacterial

pathogens on fresh cantaloupes. The melon industry

developed voluntary food safety guidelines that apply

specifically to melons in their supply chain (14). After the

imposition of the import alert against Mexican cantaloupes

in 2002, the U.S. Food and Drug Administration and the

National Service of Agro Alimentary Health, Safety, and

Quality (SENASICA) of Mexico signed a memorandum of

understanding that permits imports of Mexican cantaloupes

based on the food safety performance of their operations.

Under the terms of this memorandum, all firms that are not

exempt from the import alert must be certified by

SENASICA to comply with different requirements before

being allowed to ship melons to the United States. As part of

the certification conditions, melon packers are required by

SENASICA to comply with strict guidelines, which include

eliminating the use of dump tanks for washing melons (6).
Therefore, all melons currently imported into the United

States from Mexico are packed without washing in dump

tanks. However, more research is needed to determine the

efficacy of these guidelines.
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Produce disinfection is commonly used during produce

packing, and the effectiveness of various surface sanitizers

has been studied extensively (9, 23). Cantaloupe seems to

be more difficult to disinfect than other commodities (3, 29),
apparently because of the surface characteristics of this

melon (27). In the guidelines for application of good

agricultural practices, ‘‘an initial wash treatment to remove

the bulk of field soil from produce followed by additional

washes and/or a sanitizing dip and a final fresh, clean water

rinse’’ is suggested (30). These guidelines describe

advantages and disadvantages of using spray or dip methods

for washing produce. However, possible limitations of

sanitizers used in packing produce are not discussed.

Washing produce in tanks filled with chlorinated water is

a widespread practice in packing facilities, with chlorine

concentrations ranging from 50 to 150 mg/liter. Water

disinfection and strict control of the washing temperature

are critical for preventing cross-contamination between

contaminated and noncontaminated product units, and

preventing pathogen internalization due to a temperature-

pressure differential that occurs when the product temper-

ature is higher than that of the water and pathogens are

present in the wash water.

The objective of this study was to validate a washing

and sanitizing method for melons that does not include use

of a dump tank. Product washing and sanitizing was

achieved by spraying with water and then with a lactic acid

solution.

MATERIALS AND METHODS

Facility and packing process. A melon packing facility

located in Jalisco State was selected for this study. The melons

arrived at the packing facility in trailers and were unloaded onto a

cushioned surface to prevent product damage. A conveyor belt

moved the melons to a series of polyvinyl chloride rolling rods on

which the melons were rotating while being sprayed with potable

water for approximately 15 s. The melons were then dumped into a

wash tank containing chlorinated water (200 mg/liter), where they

remained for approximately 1 min while being manually rotated

with a wooden paddle. The same paddle was used to gently remove

the melons onto a polyvinyl chloride rolling rod conveyor, which

transferred them to a waxing station. After waxing, the melons were

conveyed on a belt to the sorting and boxing stations. Once boxed in

cardboard boxes, the melons were stored in a refrigerated room until

they were loaded onto refrigerated trucks for transporting.

Alternative treatment application. For the evaluation of the

new washing and sanitizing procedure, the melons were manually

removed from the conveyor belt before washing, placed on a

wooden table covered with a washed and sanitized polyethylene

sheet, and subjected to a 90-s manual water wash with a backpack

sprayer (model 280, SwissMex-Rapid, Lagos de Moreno, Mexico)

that had a 20-liter capacity and a flow rate of 17 ml/s. The water

supply for this water wash was the same used for the potable water

spray wash applied in the packing process. After the manual water

wash, the melons were sprayed for 15 s with a 2% L-lactic acid

solution at 55 to 60uC using a polyethylene compressed-air sprayer

(Champ model RB 202, Chapin Co., Batavia, NY) calibrated to

deliver 250 ml in 15 s. To prepare the lactic acid solution, distilled

water was obtained from the laboratory and transported in closed

polycarbonate 19-liter carboys. At the packing plant, the distilled

water was heated in a 20-liter enamelware pot on a hot plate to

reach 60uC. Appropriate amounts of 88% L-lactic acid (Purac Inc.,

Arlington Heights, IL) and hot distilled water were poured into the

hand sprayer and mixed to obtain a 2% solution. The pH of this

solution was tested with a portable pH meter (model 612, Markson

Science, Inc., Phoenix, AZ), and the average pH was 2.1. This

solution was prepared immediately before spraying. At intervals,

the temperature of the solution at the nozzle was measured with a

K-type thermocouple. Fresh solution was prepared when the

temperature dropped below 55uC.

Sampling plan and collection of samples. Sampling was

conducted during two consecutive seasons (midwinter and mid-

spring) on two consecutive sampling days per season. On each

sampling day, 40 melons were selected immediately after the

chlorinated water wash, and 40 melons were selected immediately

after the lactic acid spray treatment (total of 160 melons per

treatment). Samples were collected from the melons with a sterile

sponge (3.8 by 7.6 cm; International BioProducts, Bothell, WA)

moistened with 25 ml of 0.1% sterile peptone water (Becton

Dickinson, Sparks, MD). Immediately before sample collection,

excess peptone water was squeezed out of the sponge into the bag,

and a swab sample was collected by firmly rubbing the moistened

sponge over a 100-cm2 area (delimitated with a sterile template).

The sample sponge was then returned to the bag containing the

remaining diluent. The bag was closed and placed in an insulated

container with refrigerant packs until analysis. Analysis was

conducted no later than 6 h after sample collection.

Microbiological analysis. Each sponge sample was hand

massaged for 2 min, and then 1 ml of the suspension and appropriate

10-fold dilutions of this suspension were plated onto Petrifilm aerobic

count plates (3M, St. Paul, MN) for aerobic plate counts (APCs) and

onto Petrifilm E. coli–coliform count plates (3M) for counts of total

coliforms and E. coli. Aerobic count plates were incubated at room

temperature (25 to 28uC) for 48 h (21), and E. coli–coliform plates

were incubated at 35uC for 24 h. After incubation, colonies were

enumerated using a Quebec type colony counter. Colonies on APC

Petrifilm appeared red, whereas E. coli colonies on E. coli–coliform

Petrifilm appeared blue with a gas bubble and non-E. coli coliforms

appeared red with a gas bubble. Total coliform counts were made by

counting all blue and red colonies with a gas bubble. The detection

limit of the APC method was 0.4 log CFU/cm2 and that for coliforms

and E. coli was 20.6 log CFU/cm2.

Data analysis. APCs and coliform counts were converted to

logarithmic values and then analyzed with an analysis of variance

(ANOVA). When the ANOVA indicated a significant difference

between treatments, mean separation was achieved using Duncan’s

multiple range test. The parametric data analysis was conducted

using SPSS Statistics 17.0 (SPSS, Inc., Chicago, IL). The

percentages of samples with detectable E. coli counts on melons

subjected to chlorinated dump tank wash and to lactic acid spray

were compared using the test of comparison between two binomial

proportions (20).

RESULTS AND DISCUSSION

APCs and total coliform counts for cantaloupes

subjected to a water wash followed by dumping in a

chlorinated water tank and for cantaloupes spray washed

and sprayed with lactic acid solution are shown in Table 1.

The bacterial counts were significantly higher during season

1 than during season 2 (P , 0.05). Further research will be
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conducted to explain these differences because no differ-

ences were obvious between the procedures applied during

packing for the two seasons, and the ambient temperatures

were not different. Depending on the season, the mean APC

for cantaloupes washed in the dump tank was 3.6 to 5.2 log

CFU/cm2, whereas the mean APC for the cantaloupes

subjected to lactic acid spray was 1.8 to 2.6 log CFU/cm2,

and these differences (1.0 to 3.1 log CFU/cm2) were

significant (P , 0.05). Mean total coliform counts were 1.4

to 2.2 log CFU/cm2 for season 1 and 0.2 to 0.3 log CFU/cm2

for season 2 on melons washed by dumping in the

chlorinated water tank, whereas these counts were below

the detection limit for all samples obtained from melons

subjected to the alternative washing and sanitizing treat-

ment. Coliforms are naturally present in plant products and

therefore were expected to be found on melon rind.

However, in this case the differences in coliform counts

can be used as indicators of plant sanitation. Because of the

low E. coli counts obtained from both dump tank melons

and melons sprayed with lactic acid, the percentage of

samples with detectable E. coli was calculated from the

samples that produced at least one colony on the plates.

Growth of E. coli colonies was observed in 4 (2.5%) of 160

total samples of cantaloupes treated in the dump tank and in

none of the 160 samples of cantaloupes to which lactic acid

spray was applied (P , 0.05; data not shown).

The detection of coliforms and E. coli on melons treated

by dipping in the chlorinated water tank but not on melons

treated by spraying with lactic acid may be consistent with

poor hygiene practices in packing. If not correctly monitored,

chlorine concentration may be reduced in the dump tank

water due to high amounts of organic matter in the water. The

previously reported higher antimicrobial activity of lactic acid

sprays in comparison to chlorine treatments (3) also may have

had some impact in these differences. Although the problem

of bacteria in the dump tank may be reduced by adjusting the

chlorine concentration as needed, the high reactivity of

chlorine with organic matter and the amount of soil present on

cantaloupes, even after washing, may render this practice

ineffective. Several publications have indicated the limited

effect of hypochlorite for reducing bacteria on produce (2, 24,

25, 33). However, during postharvest operations water

chlorination is best applied to keep the wash water

disinfected, preventing the dissemination of pathogens from

contaminated to noncontaminated product in the dump tank,

rather than to reduce pathogens on the product. Washing by

spraying first with water and then with a lactic acid solution

seems advantageous because the antimicrobial activity of

lactic acid is not affected by the presence of organic matter,

and spray washing may help reduce the opportunities for

microbial transfer between melons, as can occur when a dip

method is used for product washing. Accumulation of soil in

the dump tank may impede disinfection of the water. In a

previous study, disinfection of cantaloupes by lactic acid and

chlorine seemed to be more effective when the sanitizers were

applied by spraying than by dipping (3). The potential for

washing in dump tanks to contaminate rather than clean the

product has been reported previously (8, 15). Other

researchers also have identified the packing station as an

area where cantaloupes are more likely to become contam-

inated (16, 17, 19). Akins et al. (1) did not find a beneficial

effect of washing cantaloupes in dump tanks for reducing

microorganisms, although in their report the dump tank did

not seem to contribute to an increase in bacterial counts.

The limitations of disinfection treatments in cantaloupes

and fresh produce in general have been well documented (4,
26, 28), and the use of sanitizers during postharvest

operations seems to be more effective when applied to

reduce microbial populations in the wash water, which can

help prevent bacterial internalization and cross-contamination

via wash water (7). However, a second wash with a sanitizer

may still reduce pathogens on the product to some extent.

Therefore, a sanitizer may be applied during cantaloupe

washing as one more hurdle in an integrated approach to food

safety, keeping in mind that these treatments are not sufficient

to stand alone as a kill step during processing.

The results of this study support the recommendation of

the Mexican government that dump tanks be eliminated

when melons are shed packed. Dump tank washing can

promote cross-contamination and bacterial internalization

when proper conditions of water disinfection and temper-

ature are neglected.

TABLE 1. Aerobic plate counts (APC) and coliform counts on the surface of cantaloupes subjected to a dump tank water wash or lactic
acid spray in two seasons on two treatment days at a commercial packing operation in Jalisco State, Mexicoa

Sampling season Processing day

APC (log CFU/cm2) Coliforms (log CFU/cm2)

Dump tank washb Lactic acid sprayc Dump tank wash Lactic acid spray

1 1 5.2 AX 2.3 BX 2.2 AX ,20.6 BX

2 4.9 AX 1.8 BY 1.4 AY ,20.6 BX

2 1 3.6 AY 2.6 BX 0.2 AZ ,20.6 BX

2 3.8 AY 2.4 BX 0.3 AZ ,20.06 BX

a Values are the mean (n ~ 40) APCs and coliforms counts from cantaloupe surfaces with a detection limit of 20.6 log CFU/cm2. Counts

lower than 20.6 log CFU/cm2 indicate absence of colonies on all plates. For each microbial group and within each row, means followed

by the same letter (A or B) are not significantly different (P . 0.05). Within each column, means followed by the same letter (X, Y, or Z)

are not significantly different (P . 0.05).
b Cantaloupes were subjected to a spray water wash and then transferred to a dump tank that contained a water solution of 200 mg/liter

sodium hypochlorite.
c Cantaloupes were subjected to a manual spray water wash and then sprayed for 15 s with 2% L-lactic acid at 55uC.
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