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Abstract

The safety and quality of fresh produce sold at grocery storesis a point of competition
between many grocery store chains. Companies that can offerthe most fresh, safest and least-
expensive fresh produce are well-equipped toincrease their customer base. Grocery stores may
use antimicrobial agents toimprove the quality of fresh produce and one of these agentsis
electrolyzed water. Solutions of antimicrobial agents may be used during washing or misting of
fresh produce while itis onthe produce rack shelves. Washing the produce with electrolyzed
wateris alsoreferredtoas conditioning and is typically done daily while the produce is held on
the produce rack. Mistingis performed periodically with diluted electrolyzed water sprayed onto
the produce on the produce rack. This research firstanalyzed the effectiveness of using
conditioning and misting during simulated producerack storage. The effectiveness of using
electrolyzed waterasthe conditioningagent versus tap water, along with the impact of
trimmingthe stem of the produce during conditioning was then analyzed. Results were
collected forboth sensory scores for crispness and important microbiological counts.

Produce from a nationwide grocery store’s regional distribution center was shipped to
Ohio State University and subjected to simulated grocery store procedures. Asparagus, red leaf
lettuce and romaine lettuce were the produce chosen for testing. The produce was stored for 72
hours simulating grocery store conditioning and misting procedures on anindustrial produce
rack. For the analysis of the effectiveness of electrolyzed water vs. tap water, simulation of
consumer storage after purchasingthe produce was added. The produce was stored for an
additional seven daysin arefrigerator followingthe 72 hour produce rack storage.

Results from the analysis of the effectiveness of conditioning and misting showed that
conditioning had a positive impact on both the microbial counts and sensory scores f or crispness
of the produce used for testing. Analysis of the effectiveness of electrolyzed water as the
conditioningsolution indicated thatit did not make produce significantly more crisp compared
to produce treated with tap water as the conditioning solution. Electrolyzed waterwas also
ineffectiveatreducing counts of aerobic psychrotrophicbacteriaonthe produce comparedto
tap watertreatments. Electrolyzed watertreated produce did have lower counts of aerobic
mesophilicbacteria, Enterobacteriaceae and fungi, compared to tap water treated produce.
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Chapter 1 — An introduction to the fresh produce industry

1.1- Fresh Produce
1.1a - Introduction

Fresh produce is an ubiquitous category of food enjoyed by billions of peoplearound
the world. Freshfruitsand vegetablesare highly nutritious and generally considered as healthy
foodsto eat (Bruhn, 2002). They are in high demand by consumers causing companies globally
to fiercely competeto offerthe safestand freshest produce at their stores (Cook, 2002). Thisis a

difficult task due to the perishable nature of fresh produce.

Fresh produce undergoes minimal processing only which makes it susceptible to
microbial contamination (Harris, Zagory, & Gorny, 2002). It can be contaminated by a wide
range of pathogenicand spoilage microorganisms. The contaminantsinclude pathogenicspecies
of Escherichia, Salmonella, Listeria, Campylobacter and Clostridium (Cantwell & Suslow, 2002).
These dangerous microorganisms caninfiltratethe fresh produce at different points between
the farm and the grocery store shelf. Because of the minimal processing requirement of fresh
produce, these dangerous microorganisms can be alive in dangerous quantities when the
consumer purchasesthese products (Harris, etal., 2002). Outbreaks of foodborne iliness linked
to fresh produce are common and their occurrence is on the rise (Sivapalasingam, Friedman,
Cohen, & Tauxe, 2004). A recent outbreak of Escherichia coli 0104, a shigatoxin producing
microorganism, was linked to fresh sprouts produced in Germanyin 2011. Accordingto the
Centerfor Disease Control, 852 people contracted hemolyticuremicsyndrome (HUS), with 32

deaths being caused (CDC, 2011). This review will cover the fresh produce industry, the



challengesinvolvedinfresh produce processingand the use of electrolyzed water as a part of

fresh produce processing.

1.1b - Fresh Produce Popularity

In 2010, consumers purchased an estimated $122 billion U.S. Dollars’ worth of fresh
fruitsand vegetables from supermarkets, retail outlets, farms, public markets and food service
establishmentsin the United States (Cook, 2011b). Seventy five percent of the fresh vegetables
purchased were growninthe United States, with 73% of those vegetables beinggrownin
California, Florida, Arizona, Georgia and Washington. Californiaalone accounts for 50% of the
fresh vegetables grown inthe United States each year (USDA/NASS, 2011). The $122 billion
worth of fresh produce sold in 2010 can be compared to the $75.8 billion worth sold in 2000.
Adjusted forinflation, thisisa 27% increase in salesin 10 years (BLS, 2012; Cook, 2002). The
United States has also seenanincrease inthe value of fresh produce imported and exported
overthe last two decades. Steady growth has been observed with importsincreasing from $3to
$12.3 billion between 1994 and 2010, and exportsincreasing from $2.9 to $6.1 billion overthe

same time frame (USDA/FAS, 1994-2010).

The fresh produce industry has also been affected by the trend of increasing market
share of the biggest grocery store chains. In 2009, 37% of total grocery sales were from the top
fourgrocery store chains, comparedto 28% in 2000 (Cook, 2011a). Thisshiftin marketshare has
caused the major grocery chains to become even more competitiveamongst each otherto
secure a larger market share. A by-product of this trend has been increasing high standards of

quality forfresh produce sold at retail stores (Cook, 2002). These increasing standards have



motivated grocery store chainstofind new ways to improve and maintain the quality of their

fresh produce.

1.1c - Fresh Produce Diversity

Fresh produce includes fruits and vegetables that have been minimally processed before
theyare sold at the store. Because of the lack of processing, fresh produce items are susceptible
to microbial contamination. Some fresh produce undergo avalue-added step of cutting,
choppingor shreddingand are sold as fresh-cut produce. One subsection of fresh produce is
leafy greens; these includevegetables such as spinach, iceberglettuce, romainelettuceand
cabbage (Cantwell & Kasmire, 2002). Fruit and vegetable products such as canned applesauce,
frozenvegetables, fruitand vegetable juices and shelf stablefruit cups are not considered fresh

produce because they have been processed to extend their shelflife.

The variety of fresh produce available at the grocery store continuestoincrease. In
1999, itwas estimated that on average 431 different products were availableina U.S. grocery
store fresh produce department, compared to an average of 173 different productsin 1987.
Despite thisdiversity,in 1999, 41% of total sales were still from the six most popularitems of
fresh produce, bananas, lettuce, apples, tomatoes, potatoes and grapes (Cook, 2002). Fresh-cut
produce also continuestoincrease in popularity; between 2010 and 2011, fresh-cutfruitsales
increased by 10% and fresh-cut vegetable salesincreased by 4% in US supermarkets (Cook,

2011a).

1.1d - Produce storage
Fresh produce iscommonly displayed in grocery stores in refrigerated racks with an
openface on oneside. The unitis kept at refrigeration temperature by acondenserthatis

powerful enough to keep the unit chilled despite the cold air constantly escaping outthe open



face of the unit. The produce racks are sometimes equipped with misters designed to spray the
produce with waterin orderto make the produce look more appealing to potential customers,
and possibly extending the shelf life of the produce. The shelves the produce is stored on are
usually perforatedto allow excess moisture to drip down through the levels of the rack to a
drain. Thisis done because excess moisture can quickly cause produce to loss quality
characteristics such as crispness. All different types of fresh produce are stored togetheron the
racks with grocery store chains treatingthe produce differently depending on the protocols they

haveinplace.

Produce in grocery storesis usually sold within afew days of it arriving at the store and
methodsfor keepingitfresh and crisp duringits storage time vary greatly between different
grocery stores. Some grocers misttheir produce as described previously and others choose not
to. Some grocers have added processing steps such as washing and trimming of the produce
every sooftenwhileitisonthe rack (Kader, 2002). All of these steps are putin place to make
the produce more appealing to potential customers. This works by either makingitlook niceron
the shelf, or potentially increasingits shelflife after the produce arrivesinthe consumer’shome

refrigerator.

1.1e - Produce storage problems

The storage of fresh produce in openfaced refrigerated racks leads to several unique
problems. Microbial cross-contamination (Doyle & Erickson, 2008) is one of these problems.
Produce available for purchase in grocery storesis often examined by customers who pickit up
and thenreturnit tothe rack afterdeciding notto purchase it. This can lead to microbial
contamination of that piece of produce by yeasts, molds and bacteriafrom the customer’s

hands. These microorganisms canleadtoincreased spoilagerates of the produce orthey can



cause foodborneillnessinthe consumerthat decides to purchase the previously handled piece
of produce (Farrar & Guzewich, 2009). The problemis compounded by the fact that cross
contamination canleadtothe spread of microorganismsto other produce in physical proximity
to theinitially contaminated piece. Cross contamination can happen via airor water flow or
direct physical contact between the pieces of produce. The problem can alsoworsenif the
microorganismis a psychrotroph, which meansit can grow at refrigeration temperatures of
approximately 4° C. Most microorganisms can only survive at refrigeration temperatures and do
not have the ability to replicate quickly at these temperatures. The issue of cross contamination
makes misting produce occasionally counterproductive because the waterthatis supposedto
be preservingthe quality of the produce is now beingused as a vehicle of transporting spoilage

or pathogenicmicroorganisms that now inhabit the produce rack (Farrar & Guzewich, 2009).

Storing fresh produce for extended periods of time also leads to a decrease in the
crispness of the produce. This can be caused by both dehydration and microbial growth. This
problemis combated by grocery stores using different strategies. These strategiesinclude the
optimization of production timeline, installing misting equipmentin produce rackand using
conditioningand washing procedures on the produce duringit’s time atthe grocery store

(Gomez-Lopez, 2012).

1.2 - Challenges of fresh produce processing

1.2a — Maintaining freshness and susceptibility to microbial contamination

By nature, fresh produce items are susceptible to having high populations of
microorganisms present when they reach the consumer. These microorganisms may include
hazardous human pathogens and spoilage microorganisms (Cantwell & Suslow, 2002). The

weaknessinfresh produce processing revolves around ke eping the produce fresh. It would be



easy to reduce the microbial load of the produce by a variety of methods to make them safer;
howeverthese processes resultinamajor quality reduction of these typically fragile food
products. Harsh processing also goes against what consumers are looking forin fresh produce.
The word freshisan important keyword for consumers and fresh produce companies strive to
presenttothe publicthat their products are as fresh as possible. A consumer study in 2000
showed thatthe three mostimportantfactorsthat influenced consumer’s fresh produce buying
decisions were taste, ripeness and appearance. Thesethree traits can be negativelyaffected by

microorganism growing within the food product (Cook, 2002).

1.2b - Fresh Produce contamination and recent outbreaks

Microbial contaminants may survive on produce duringits journey fromthe farmtothe
grocery store or these may be introduced by cross contamination or other means throughout
the process. On the farm, sources of contaminationinclude animals, insects, soil and irrigation
water (Farrar & Guzewich, 2009; Johannessenetal., 2005). During processingand
transportationtothe grocery store, contamination can be caused by cross contamination,
human handlingand dirty equipment (Beuchat & Ryu, 1997). These contaminants caninclude
dangerous species of Escherichia, Salmonella, Campylobacter, Listeria, Bacillus and Clostridium.
Fresh produce can also be contaminated by species of spoilage microorganisms such as
Pseudomonas, Aspergillus and Penicillium (Harris, etal., 2002). Reported outbreaks of
foodborne illness associated with fresh produce have been onthe rise inthe last few decades

(Sivapalasingam, et al., 2004).

The largestrecent outbreak of fresh produce-relatedillness wasin Europe in 2011. The
outbreak was linked to sprouts produced in Germany, and cases surfaced throughout Europe

and afew were reportedinthe United States. Escherichia coli 0104:H4, a shigatoxin producing



strain, was found to be the causative microorganism (CDC, 2011). As a result of this disease
outbreak, 852 people contracted hemolyticuremicsyndrome (HUS) and 32 individuals died.
Contracting HUS can cause kidney failureand symptomsinclude fever, abdominal pain, fatigue,
bruisingand swelling (CDC, 2011). This outbreak illustrates the susceptibility of fresh produce to
microbial contamination. These sprouts were most likely contaminated at some point while they
were still onthe farm, because illnesses were reported from multiple locations across Europe
where these sprouts were consumed. This means that Escherichia coli 0104 population survived
during transportation, storage, and minimal processingit was subjected to before itinfected at

least 852 people that consumed the sprouts.

Anotherrecent outbreak of foodborne illness linked to fresh produce, specifically
cantaloupe, inthe United States resulted in 261 illnesses and 3 deaths caused by Salmonella
Typhimurium and Salmonella Newport. Salmonella infection symptoms includediarrhea, fever
and abdominal cramps (CDC, 2010). The outbreak was traced back to cantaloupesfromafarm in
Indiana. llinesses were reported in 24 different states, which indicates that the contamination of
the cantaloupes with Salmonella serovars occurred at the farm before transportation. This
outbreak also shows the susceptible nature of fresh produce to microbial contamination. The
Salmonella population survived during transportation of cantaloupefromthe farmand the

minimal processingit received before consumption (CDC, 2012).

1.2c - Preharvest contamination of fresh produce

Fresh produce is susceptible to microbial contamination throughout their growth cycle
at the farm. One source of contaminationisirrigation water that has been contaminated by
pathogenicbacteriabeforeitisappliedtothe field (Johannessen, etal., 2005). This water can be

sprayed directly ontothe fresh produce orabsorbed by the roots of the plants or trees.



Contaminated irrigation water can alsolead to contaminated soil on fresh produce farms.
Pathogens can survive extended periods of time in soil and were found in fresh produce
harvested up to 6 months afterinitial soil contamination (M. Islam, Doyle, Phatak, Millner, &
Jiang, 2004; Mahbub Islam, Doyle, Phatak, Millner, & Jiang, 2005). Othersources of preharvest
contaminationincludeinsects, birds and otheranimals that can make physical or indirect

contact with fresh produce while they are being grown (Farrar & Guzewich, 2009).

1.2d - Vacuum cooling and bacteria internalization

Vacuum coolingisa commonstepin fresh produce processing for many fresh produce
itemsincludingleafy green vegetables. The productisrapidly cooled to refrigeration
temperatures based on the rapid evaporation of water under vacuum conditions. Vacuum
coolingis usually achieved inlessthan 30 minutes and 1% of the products weightislostdue to
waterevaporationforevery 6°C reductionin product temperature (Thompson, Mitchell, &

Kasmire, 2002).

Vacuum cooling has also been shown to cause bacterial internalization into lettuce (Li,
Tajkarimi, & Osburn, 2008). Vacuum cooling caused the stomata on the lettuce surface to
increase in surface area, allowing bacterial cells on the surface of the lettuce tointernalize due
to the suction caused by pressurization from the vacuum back to normal atmospheric pressure
(Vurma, 2009). Internalization of bacteriais aserious safety concern. Internalization increases
bacterial resistantto antimicrobialagents such as chlorine and ozone (Li, etal., 2008). Chlorine
and ozone must make physical contact with their target microorganisms toinactivate them, and
thisis made more difficult when the bacteriaare internalized and protected within the fresh

produce product.

1.2e - Fresh-cut produce cross contamination concerns



Fresh-cut produce are at an increased risk for microbial contamination due to cross
contamination concerns during production and processing. Fresh-cut processing steps can
include trimming, cutting and shredding (Cantwell & Suslow, 2002). Each of these steps can
cause cross contamination of an entire lot of produce due to residual microorganisms froma
previously isolated contaminated piece of produce leftover on cutting or food contact surfaces.
This problem can be compounded when wateris present on these surfaces, due to the ability of
microorganisms to create biofilms on most food contact surfaces when wateris present (Kaneko
et al., 1999). Biofilms are protective structures that are formed when microorganisms colonize a
surface they have attached to. Biofilms protect the microorganisms from sanitizers such as

chlorine, which are commonly used to clean processing equipment.

1.3 - Electrolyzed water
1.3a - Introduction

Electrolyzed wateris an antimicrobial solution thatis sometimes used onfresh produce
ingrocery stores. Itis produced by the electrolysis of sodium chloride which produces water
containing chlorine in ahighly oxidative state (Al-Haw & Gomez-Lopez, 2012). Chlorine freely
reacts with organicmolecules andisapotentantimicrobial agent. Electrolyzed water can be
produced at different pH’s as well (Al-Haw & Gomez-Lopez, 2012; Hricova D, 2008). The pH of
the water affects how chlorine molecules exist within the solution which can affect the reactions

that occur between the chlorine and organicmolecules (Hricova D, 2008).

1.3b - Electrolyzed water production
Electrolyzed wateris produced by the electrolysis of an aqueous salt solution (Hricova D,
2008). Sodium chloride is dissolved in water and dissociatesinto twoions, negatively charged

chlorine and a positively charged sodium. This free chlorine then reacts further to form reactive



chlorine compounds including hydrochloricacid, hypochlorous acid and hypochloriteions (Al-
Haw & Gomez-Lopez, 2012). The production of these compounds also depends on the pHof the
resulting electrolyzed water (Hricova D, 2008). Systems can be set up to produce electrolyzed

waterwith a pH between 2and 13.

Systems designed forfresh produce application are usually set up to produce an
electrolyzed water with between 10to 90 parts per million (ppm) chlorine that are readily
available to oxidize organicmatter (Hricova D, 2008). Electrolyzed wateris usually generated on-
siteimmediately before use to ensure the unstable reactive chlorine molecules are still present
inthe waterwhenitisappliedtothe food product (Al-Haw & Gomez-Lopez, 2012). Multiple
companies produce electrolyzed water units and they all produce electrolyzed water with
different properties that are altered by changing the amperage level of the electrolyzing system,
the waterflow rate, the time allowed for electrolysis and the concentration of sodium chloride

initially introduced to the system (Hricova D, 2008).

1.3c - Electrolyzed water applications

Electrolyzed wateris used as a potentantimicrobialagentinavariety of fields. Itis
appliedtofood products to reduce their microbial load. Medical and dental practitioners use it
to disinfect wounds and medical equipment (Hricova D, 2008). In the food industry, electrolyzed
wateris most commonly appliedtofresh produce in orderto reduce its microbial load (Abadias
M, 2008). Grocery store workers also may applyitto theirproduce to helpin maintaining more
crisp product throughout storage time (Al-Haw & Gomez-Lopez, 2012). Electrolyzed watercan
be produced and applied ata pH range between 2and 13, leadingto three subgroups of

electrolyzed waterreferred to as acidic, neutral and alkaline electrolyzed waters. Each type of
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electrolyzed water has its own advantages and disadvantages, and they are sometimes applied

in conjunction with one another.

1.3d - Electrolyzed water antimicrobial efficacy

Studies have been conducted to determine the effectiveness of electrolyzed water at
reducing microbial counts on fresh produce. None of these studies fully simulated the grocery
store experience; howeverthere results consistently showed that electrolyzed water had the
ability to reduce microbial counts onthe produce. Park et al. (2008) showed that electrolyzed
waterwas effective atreducing the counts of pathogensincluding Escherichia coli 0157:H7,
Salmonella Typhimurium and Listeria monocytogenes on the surface of lettuce and spinach; the

counts were reduced below the experimental detection limit (Park, 2008).

Koseki etal. analyzed the effect of electrolyzed water on cucumbers and strawberries
and noted a 1-logreduction of aerobicmesophilicbacteria on the produce aftera 10 minute
electrolyzed waterwash (Koseki et al. 2004). The same study also showed significant decreases
in coliform and fungi counts on cucumbers afterthey were washed with acombined treatment
of acidicand alkaline electrolyzed water. Otherresearchers analyzed the effect of storing lettuce
ina container packed with frozen acidicelectrolyzed water (Koseki et al. 2002). Aerobicbacteria
on the lettuce were reduced by 1.5log cfu/gafter 24 hours of storage packed in the frozen
electrolyzed water. This result was attributed to chlorine gas produced and contained in the

closed environment (Koseki et al. 2002).

Use of electrolyzed waterto degrade pesticides on fresh vegetables was investigated
(Hao, 2011). Theresultsindicatedthat pesticide residues were reduced by between 30-80% on

spinach after 30 minutes of immersioninacidicelectrolyzed water. Results for cabbage and leek
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were similarto spinach. Theirresultsindicated that washing fresh produce with electrolyzed

waterwas an effective method for degrading pesticideresidues on fresh vegetables (Hao, 2011).

Bessi etal. (2014) analyzed the effect of dipping date fruitsin electrolyzed water before
extended storage. The results showed that electrolyzed waterat pH 7, underideal conditions
could reduce the bacterial and fungi counts on the surface of the dates by 2.5 log cfu/g with only
a four minute dip (Bessi, 2014). The resistance of shiga toxin producing Escherichia coli to
electrolyzed water was tested by otherresearchers. Theirresultsindicated that an electrolyzed
water solution of the same concentration of free chlorine as asodium hypochlorite solution was
consistently more effectiveat reducing the counts of shiga toxin producing Escherichia coli than

the sodium hypochlorite solution (Jadeja, 2013).

The efficacy of electrolyzed water against Escherichia coli 0157:H7 oniceberglettuce,
cabbage and tomatoes simulating afood service kitchen conditions was tested by Panglolietal
(2009). Theirresults showedthat washingiceberglettuce with acidicelectrolyzed water can
reduce counts of E. coli 0157:H7 by 3.0 log cfu/g (Pangloli et al. 2009). The same procedure was
repeated with tap waterwhichonlyyielded a 2.0 log cfu/g reduction. Results for the treatment
of cabbage by electrolyzed waterwere similartoiceberglettuce. E. coli 0157:H7 was reduced by
4.7 log cfu/g onlemons treated with acidicelectrolyzed water. The reductions seen on tomatoes

were even greater; as high as 7.9 log cfu/greductions were observed.
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Chapter 2 - Improving quality of fresh produce by modifying conditioning
procedures used in retail establishments

2.1 - Abstract

Improving the safety and quality of fresh produce continues to be animportant goal for
grocery stores. Retailers use different methods to improve the quality of the produce intheir
stores. One of these methodsisreferred toas conditioning, whichis the act of washing
produce in different types of waterdaily whilethe productis heldin refrigerated display cases.
The second method is using misters placed inthe produce rack to spray the produce with water
periodically. Both of these methods were tested for their effectiveness at reducing counts of
fourgroups of microorganisms. Contribution of these procedurestothe crispness of the

produce was measured by sensory analysis usingatrained panel.

Asparagus, celery, romaine lettuce and red leaf lettuce were chosen as the fresh
produce used forthese experiments. These products were held under conditions that simulate
retail store setting. A section of commerecial fresh produce display case was assembledin a pilot
plantto hold the fresh produce. The display case was equipped with refrigeration and misting
equipment. Fourtreatments were tested; these are (i) conditioning with misting, (ii)
conditioning with no misting, (iii) no conditioning with misting, and (iv) no conditioning with no
misting. Conditioning was performed every 24 hours using electrolyzed water, and the misters
were setto sprayfor seven seconds every two minutes. Results indicated that populations of
aerobicpsychrotrophicbacteria were decreased by conditioning treatments applied to both

romaine and red leaf lettuce during the 72 hour simulated grocery store produce rack storage.
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Fungi counts were significantly reduced when conditioning was applied to red leaf lettuce,
romaine lettuce and celery. Counts of Enterobacteriaceae on three of the fourtypes of produce
were not affected by the treatments applied. Sensory results for crispnessindicate d thaton all
fourtypes of produce, treatingthem with conditioning with no misting produced more crisp

produce than produce treated with no conditioning and no misting.

2.2 - Introduction

Fresh produce is consumed by billions of people around the world every day. Itis
perhapsthe most ubiquitous food productaround the world. Fresh fruitsand vegetablesare a
nutritious part of many people’s diet and every year billions of dollars are spent on fresh
produce around the world (Bruhn, 2002). The most common way for people in developed

countries to purchase theirfresh produceis at a grocery store. Grocery stores compete fiercely

to offerthe freshest, safest produce to consumers (Cook, 2011a).

The sale of fresh produce in grocery stores bringsits own unique challenges to the
marketplace. Fresh produce is susceptible to microbial contamination due to the minimal
processingitundergoesbeforeitissold (Harris, etal., 2002). Hazardous microbial contaminants
include species of Escherichia, Salmonella, Listeria, Campylobacter and Clostridium (Cantwell &
Suslow, 2002). An example of amajorrecent outbreak linked to fresh produce happenedin
Europe in2011. Over3000 people were infected by eating contaminated sprouts, 852 of those

people contracted hemolyticuremicsyndrome (CDC, 2011).

Electrolyzed waterisacommon sanitizer used by grocery storestoincrease the shelf life of the
fresh produce. Electrolyzed wateris produced from the electrolysis of asalt solution and usually
contains about 50 parts per million of chlorine inthe form of sodium hypochlorite. Electrolyzed

watercan thenbe appliedto the produce via misting or a process called conditioning.
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Conditioninginvolves removing the produce from the shelves every 24 hours and soakingthem
ina tub of electrolyzed waterforabout 15 minutes. Thisis done with the goal of hydrating the
produce inorderto improve crispness and inactivating bacteria by chlorine (Gomez-Lopez,2012;
Philipus P, 2009). A literature search did not reveal any attempts to simulate grocery store
produce storage conditions to evaluate the effectiveness of using these conditioning and misting

treatmentsto extend the shelf life of fresh produce.

2.3 - Materials and methods
Experimental

An industrial produce rack equipped with arefrigeration unitand water spraying misters
was installed in a pilot plant at Ohio State University. The misters were setto consistently spray
the produce for ten seconds every two minutes with electrolyzed water containing 4 parts per
million (ppm)active chlorine. The produce rack was set up to maintain 3° C throughout
experimentation. The electrolyzed water used for conditioning and misting the produce was
generated on-siteviaan electrolyzed water-producing unit which produced a solution

containing 50 ppm chlorine that was used for conditioning and diluted to be used for misting.

Freshly-harvested asparagus, red leaf lettuce, romaine lettuce and celery were supplied
by a national grocery chain and delivered viarefrigerated truck and immediately transferred to a
walkinrefrigerators setat4°® C. The produce was then transferred to the produce rack area to
be loaded ontothe rack. Produce conditioning procedures, recommended by a grocery
company, were followed. Bunches of asparagus was conditioned by examining the bottoms of
theirstalks (i.e., at the cut surface) for mold or damage and cutting them down as much as
necessary toresultina healthy bottom of the stalk. Asparagus stalks were placedinatub

containing 50 ppm electrolyzed water solution to soak the bottom five centimeters of the stalks
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for 45 minutes before theywere re-loaded onto the produce rack. Red leaf and romaine lettuce
were treatedina similarmannerfor conditioning purposes. These two products were first
examined for physical damage or molding of the outerleaves; any leaves that were deemed to
be damaged enough to prevent someone from buyingit at a grocery store were removed. The
browned bottoms of the lettuce heads were cut down by approximately half acentimeterto
reveal afresh white bottom. The lettuce heads were then placed in 10 gallon tubs of 50 ppm
electrolyzed water solution and soaked thoroughly for 15 minutes. The lettuce heads were then
removedand allowedtodryfor15 minutesinaseparate tub before being placed on the rack.
The celery was first examined for damage to the stalks and any physical damage deemed
sufficientto preventsomeonefrom buyingitata grocery store were removed. The browned or
dirty bottoms of the celery pieces werealso cutdown by lessthana centimetertoreveal a
whiter bottom. The tops of the celery stalks were also examined for mold and were cutdown
enough toremove any mold. The celery wasthen placedin 10 gallon tubs of 50 ppm
electrolyzed water solution and soaked thoroughly for 15 minutes. The celery was then loaded

onto the produce rack.

Asparagus was always loaded onthe top shelf withred leaf lettuce on the shelfbelow,
followed by romaine lettuce and then celery onthe bottom shelf. The pieces of produce were
bunchedtogethertightly tosimulateagrocery store atmosphere and were always orientated
the same way throughout experimentation. Any time produce was removed from the rack
during storage time for microbiological orsensory analysis, it was replaced with products that
have beenstoredina walk-inrefrigerator. This was done to ensure consistent temperature and
air flow throughout the product duringthe three days of storage. The replacement pieces were

marked and any pieces of produce that came in direct physical contact with the replacement
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produce were not used forfurthertestingto prevent cross contamination. Picture 2.1illustrates

the produce rack setup.

Picture 2.1: Example of the simulation of grocery store rack fresh produce storage

Sample preparation for microbiological and sensory analysis

Pieces of produce were sampled after0, 24, 48 and 72 hours of storage, post receiving.
The 0 hour samples were taken before any conditioning ortreatment took place. The sampled
produced was handled aseptically and each piece was cutin half with one half going forsensory
analysis and the other half aseptically stored for microbiological analysis. Inthe case of

asparagus, no cutting was required and the bunch of asparagus was simply separated in half.
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Sensory analysis was performed within an hour after cutting occurred. Microbiological samples

were stored at 4° C and testing was completed within three hours afterthe sample was taken.

Sensory analysis

Sensory analysis was performed by atrained panel of eight people with between four
and seven people performing the analysis at each time point of 0, 24, 48 and 72 hours. Analysts
examined only the crispness of the produce. They were allowed to touch and manipulate the
produce and breaking of pieces of produce was allowed to help them assign ascore as long as
the analyst performed the action of breaking the piece of produce. Observations were scored on
an anchored non-numericline scale. The marks made were then measured and convertedtoa

score out of 100 for crispness.

Microbiological analysis

Samples for microbiological analysis were homogenized and diluted in buffered peptone
waterin orderto be plated forenumeration. The produce was analyzed for aerobic mesophilic,
aerobicpsychrotrophic, Enterobacteriaceae and fungi counts. Foraerobicmesophilicand
aerobicpsychrotrophiccounts, homogenized products were plated on trypticsoy agar (Becton,
Dickinson and Company, Franklin Lakes, NewJersey) and incubated at 37° C for 48 hoursand 4°
Cfortendays, respectively. Testing for Enterobacteriaceae was accomplished by plating on
Violet Red Bile Agar (EMD Millipore, Billerica, Massachusetts)and incubation at 37° C for 48
hours. Testing for fungi was done by plating on yeast and mold petrifilms (3M, St. Paul,

Minnesota) and incubation at 23° C for five days.

Statistical analysis
Statistical analysis was performed using the Statistical Analysis System program (SAS

Institute Inc., Cary, North Carolina), version 9.3. A Generalized Linear Model was used that
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accountedforthe random effect produced by the six separate weeks of testing that were

performed. The model used was:

Sensory score or microbiological count =treatment applied + day of analysis + weekly batch

A Tukey’s analysis was performed and the significant differences are represented inthe
figures below by differing letters associated with each treatment. A 95% confidence interval was
used to calculate significant differences. All three days of testing were grouped together for
analysis toincrease statistical powerandto betterillustrate an average resultfora piece of
fresh produce ona grocery store produce rack shelf. The day O counts were notincludedin the

resultsseen below.

21



2.4 - Results
Red leaf lettuce

Microbiological analysis of red leaf lettuce showed areductioninthe count of
psychrotrophicbacteriaonthe lettuce during simulated grocery store storage when
conditioning with no misting was applied to the red leaf lettuce ratherthan eithertreatment
that did not contain conditioning (Fig. 2.1). Red leaf lettuces psychrotrophic population
averaged 4.1 log cfu/goverthe course of the 72 hour rack storage when the product was
treated with conditioning and no misting, compared to 4.9 log cfu/g when treated with no
conditioningand no misting. Fungi population onred leaf lettuce decreased significantly when

the product was conditioned ratherthan not conditioned.

Figure 2.3 shows that the population of Enterobacteriaceae was not affected by the
type of treatmentappliedtored leaf lettuce. Aerobic mesophilicbacteria were affected by the
treatmentapplied tothe red leaf lettuce, conditioning with no misting produced the lowest log
cfu/g of aerobicmesophilicbacteria, 3.9. Conversely, no conditioning with no misting produced

a 4.8 log cfu/gon redleaf lettuce during three days storage on the produce rack.

Figure 2.5 indicates alarge difference in crispness detected by sensory testing of red leaf
lettuce. Conditioning with misting and conditioning with no misting produce average scores of
66.4 and 73.8 respectively, while scores fell to 55.4 and 48.7 for no conditioning with misting
and no conditioning with no misting, respectively. Statistical analysis indicated that conditioning

with no misting produced the significantly highest crispness score forred leaf lettuce.
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Figure 2.1: Average Logy, colony forming units pergram (cfu/g) of psychrotrophicbacteriafound
inred leaf lettuce during 72 hours of grocery store produce rack storage
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Figure 2.2: Average Logy, colony forming units per gram (cfu/g) of fungi foundin red leaf lettuce
during 72 hours of grocery store produce rack storage
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Figure 2.3: Average Logy, colony forming units pergram (cfu/g) of Enterobacteriaceae foundin
redleaf lettuce during 72 hours of grocery store produce rack storage
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Figure 2.4: Average Logy, colony forming units pergram (cfu/g) of aerobic mesophilicbacteria
foundinred leaf lettuce during 72 hours of grocery store produce rack storage
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Figure 2.5: Average crispness sensory score of red leaf lettuce during 72 hours of grocery store
produce rack storage

a =sensory score as measured by anon-numeric anchored line scale with the score converted to a score out of 100

Romaine lettuce

Figure 2.6 illustrates how conditioning with no misting produced an average log cfu/g
for psychrotrophicbacteriaon romaine lettuce of 3.7, while no conditioning with no misting
produced an average log cfu/g of 4.7. The difference between thosetwo treatments was
statistically significant. Figure 2.7 shows a large differencebetween romaine lettuces treated
with conditioning versus no conditioning, aerobic mesophilicbacteria counts were significantly
reduced onromaine lettuce when subjected to conditioning ratherthan no conditioning.
Conditioned romaine lettuce produced average log cfu/g of 2.7 and 3.4 forfungi during their
three day storage on the produce rack. Unconditioned romainelettuce produced average log

cfu/g’sof 4.0 and 4.3.
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Figure 2.8 shows how the population of Enterobacteriaceae on romaine lettuce was
affected when the product was treated with conditioning with no misting, compared tono
conditioning with misting. Figure 2.9indicates thataerobicmesophilicbacteriawere
significantly lower on romaine lettuce treated with conditioning with no misting compared to

the otherthree treatments.

The sensoryresults showninfigure 2.10 indicate that conditioning romaine lettuce
producedsignificantly higher average sensory scores compared to not conditioned romaine
lettuce. The scoreswere 71.4 and 78.2 for conditioning with misting and conditioning with no
misting respectively. No conditioning with misting and no conditioning with no misting produced

scores of 58.9 and 62.4, respectively.
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Figure 2.6: Average Logy, colony forming units pergram (cfu/g) of psychrotrophic bacteriafound
inromaine lettuce during 72 hours of grocery store produce rack storage
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Figure 2.7: Average Logy, colony forming units pergram (cfu/g) of fungi found in romaine lettuce
during 72 hours of grocery store produce rack storage

6.5
6
55
B Conditioning with no misting
5
%" B Conditioning with misting
G 45
& A o
= B No Conditioning with no
4 misting
35 H No conditioning with misting
3 -4
2.5 -
Treatment

Figure 2.8: Average Logy, colony forming units pergram (cfu/g) of Enterobacteriaceae foundin
romaine lettuce during 72 hours of grocery store produce rack storage
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Figure 2.9: Average Logy, colony forming units per gram (cfu/g) of aerobic mesophilicbacteria
foundinromaine lettuce during 72 hours of grocery store produce rack storage
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Figure 2.10: Average crispness sensory score of romaine lettuce during 72 hours of grocery store
produce rack storage

a =sensory score as measured by anon-numeric anchored line scale with the score converted to a score out of 100



Asparagus

Psychrotrophicbacteria populationsincreased during storage of asparagus for 72 hours
regardless of the treatment applied. Figure 2.11 illustrates the high counts of psychrotrophic
bacteriathat averaged 6.0 log cfu/g on the asparagus used fortestingall fourtreatments. Figure
2.12 shows how fungi counts were affected by differing treatments applied to the asparagus.
Significant differences were not detected; conditioning with misting produced the lowest counts
of fungiat4.7 log cfu/g, while no conditioning with no misting produced the highest fungicount

of 5.1 logcfu/g.

Enterobacteriaceae populations were not affected by the type of treatment applied to
asparagus. Figure 2.13 illustrates how regardless of treatment applied, Enterobacteriaceae
counts grew to approximately 5.0log cfu/g on asparagus. Conditioning with misting produced
the lowest counts of aerobic mesophilicbacteria on asparagus, while no conditioningwith no

misting produced the highest counts.

Figure 2.15 illustrates the results of sensory testing forthe crispness of asparagus during
its 72 hourstorage on the produce rack. Conditioning with no misting produced the highest
average crispness score of 78.3, while no conditioning with no misting produced the lowest
average score of 65.1. Scores for conditioning with misting and no conditioning with misting

were similarat70.5 and 72.6, respectively.
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Figure 2.11: Average Logy, colony forming units per gram (cfu/g) of psychrotrophicbacteria
foundinasparagus during 72 hours of grocery store produce rack storage
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Figure 2.12: Average Log,, colony forming units pergram (cfu/g) of fungi found in asparagus
during 72 hours of grocery store produce rack storage
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Figure 2.13: Average Logy, colony forming units pergram (cfu/g) of Enterobacteriaceae foundin
asparagus during 72 hours of grocery store produce rack storage
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Figure 2.14: Average Logy, colony forming units per gram (cfu/g) of aerobic mesophilicbacteria
foundinasparagus during 72 hours of grocery store produce rack storage
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Figure 2.15: Average crispness sensory score of asparagus during 72 hours of grocery store
produce rack storage

a =sensory score as measured by anon-numeric anchored line scale with the score converted to a score out of 100

Celery

Psychrotrophicbacteria counts on celery varied by about 0.6 log cfu/g dependingon the
treatmentapplied, howeverthe treatments could not be statistically differentiated due to a high
degree of variability inthe data. Figure 2.17 illustrates how fungi counts on celery were
decreased by treating the celery with conditioning. Treatmentsincluding conditioning produced
fungi countsof 3.3 and 3.1 log cfu/g on celery, while treatments that did notinclude

conditioning produced fungi counts of 3.9 and 4.1 log cfu/gon celery.

Figures 2.18 and 2.19 indicate that Enterobacteriaceae and aerobic mesophilicbacteria
countson celery were notsignificantly affected by the treatmentapplied to the celery. A high
variability in results may have decreased statistical significance of differences between the

treatments. Sensory results indicated that conditioning with no misting produced celery with
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the most crispness, which was statistically significantly more crisp than that treated with no

conditioningand no misting.
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Figure 2.16: Average Log,, colony forming units pergram (cfu/g) of psychrotrophicbacteria
foundincelery during 72 hours of grocery store produce rack storage
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Figure 2.17: Average Log,, colony forming units pergram (cfu/g) of fungi foundin celery during
72 hours of grocery store produce rack storage
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Figure 2.18: Average Logy, colony forming units pergram (cfu/g) of Enterobacteriaceae foundin
celery during 72 hours of grocery store produce rack storage
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Figure 2.19: Average Logy, colony forming units pergram (cfu/g) of aerobicmesophilicbacteria
foundincelery during 72 hours of grocery store produce rack storage
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Figure 2.20: Average crispness sensory score of celery during 72 hours of grocery store produce
rack storage

a =sensory score as measured by anon-numeric anchored line scale with the score converted to a score out of 100
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2.5 - Discussion

Sensory analysis of crispness

Treating fourtypes of produce with four different treatments during simulated grocery
store produce rack storage resultsin significant differencesin the crispness of this produce
duringthe average day on the produce rack. Figure 2.5 indicates how the four different
treatments affected the crispness of red leaf lettuce. The treatment that contained conditioning
and no misting produced the most crisp red leaf lettuce. Both treatments that did not contain
conditioning produced red leaf lettuce that was significantly less crisp than the red leaf lettuce
that was conditioned without misting. Results from romaine lettuce were similar; romaine
lettuce that was conditioned without misting was the most crisp during the average day on the
produce rack. The results for both types of lettuce indicate that conditioning lettuce during
grocery store produce storage can lead toan increase in crispness throughouta 72 hour shelf
life. Mistingforseven seconds every two minutesis potentially too frequentandis

overhydratingthe produce causingittolose crispness ratherthan maintainit.

The sensory results forthe crispness of asparagus indicated that conditioning with no
misting produced the most crisp asparagus, while conditioning with mistingand no conditioning
with no misting produced the least crisp asparagus during the 72 shelflife. These results can be
seenin Figure 2.15. The porous bottoms of asparagus allow them to soak up a large amount of
waterduring conditioning which helps keep them hydrated and potentially more crisp(Kader,
2002). This potentially explains why conditioning with no misting was the best treatment
accordingto crispnessscores, it does not explain why conditioning with misting produced lower
scores. Results forthe crispness of celery seeninfigure 2.20 indicate that conditioning with no

misting was a bettertreatmentthan both conditioning with misting and no conditioning with no
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misting. Forall fourtypes of produced, conditioning with no misting was the best overall
treatmentfor maintainingthe crispness of this produce, misting every two minutes for seven
seconds was most likely overhydrating the produce, causing aloss of crispness when combined

with a conditioning treatment.

Aerobic psychrotrophic bacteria

Aerobicpsychrotrophicbacteriacounts were analyzed becausethey are the organisms
capable of growingat 4° C whichis the storage temperature throughout fresh produce storage
at the grocery store. They are the group of bacteria most associated with the spoilage of fresh
produce (Cantwell & Suslow, 2002). Figure 2.1 indicates that treating red leaf lettuce with
conditioning with no misting produced lower aerobic psychrotrophic bacteria counts over the
three days storage time compared to no conditioning with no mistingand no conditioning with
misting treatments. Figure 2.6 shows that similarly, romaine lettuce treated with conditioning
and no misting produced the lowest counts of aerobic psychrotrophic bacteriacomparedto
romaine lettuce treated with no conditioning and no misting. This diff erence means that the
growth of psychrotrophicbacteriasuch as Pseudomonas sp. is being inhibited by the
conditioningtreatmentand thisis potentially leadingto anincreased storage life of these types

of lettuce due to a reductioninthe counts of spoilage microorganisms (Beuchat & Ryu, 1997).

Figure 2.11 indicates how counts of psychrotrophicbacteria on asparagus remained
above 10° cfu/g during the 72 hour storage time and were not significantly affected by any of
the four treatments. Thisis mostlikelydue to the fact that asparagus conditioning was different
fromthe otherthree types of produce tested. Asparagus was only dippedinto 1to 1.5 inches of
the conditioning solution compared to the othertypes of produce being fullyimmersedin the

water. This means that the conditioning procedure only effectively washed the bottoms of the
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stems of the asparagus. Thisresultforthe psychrotrophiccountindicates thatthe different
treatments cannotsignificantly change the growth rate of psychrotrophic bacteriaincluding
potential spoilage microorganisms on asparagus. Results produced from celery forthe counts of
aerobicpsychrotrophicbacteriawere similarto asparagus, and no significant differences were
seen. Forasparagus and celery, these resultsindicate that these four differing treatments do not
affect the counts of aerobic psychrotrophicbacteriaand would most likely not affect the rate of

spoilage of these types of produce during produce rack storage.

Aerobicmesophilicbacteria

Counts of aerobicmesophilicbacteriawere analyzed because thisis anotherimportant
group of bacteria. Although this group’s growth may be inhibited at refrigeration temperatures,
they are still presentand may be in high numbers due to growth while the produce was stillin
the field on the farm. Figure 2.4 indicates that the treatments that contained conditioning
significantly reduced counts of aerobicmesophilicbacteria on red leaf lettuce compared to no
conditioning with no conditioning. Similarly, conditioning with no misting produced the lowest
counts of aerobicmesophilicbacteriaon romaine lettuce compared to the otherthree
treatments. These resultsforlettuce show that conditioning had a positive impact of reducing
the counts of aerobicmesophilicbacteriaduring the course of a 72 hoursimulated grocery store

produce rack storage.

Aerobicmesophilicbacteria counts on asparagus were significantly reduced when
conditioned with misting compared to both treatments that did not contain misting. There were
no significantly differences for the counts of aerobicmesophilicbacteriaon celery. Thisresult

for celeryisthe same as what was observed for the aerobic psychrotrophic bacteria count,
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indicating that regardless of treatment of celery, the counts of aerobic psychrotrophicand

aerobicmesophilicbacteriawere not affected.

Enterobacteriaceae

Counts of Enterobacteriaceae were analyzed becausethey are a preliminary safety
indicator used by the food industry. Enterobacteriaceae contains pathogenic microorganisms
including pathogenicspecies of Escherichia and Salmonella (Coburn B, 2007; Sivapalasingam, et
al.,2004). Figure 2.3 indicates that counts of Enterobacteriaceae were not affected by the four
differenttreatments onred leaf lettuce. Interestingly on romaine lettuce, conditioning with no
misting reduced counts of Enterobacteriaceae compared to no conditioning with misting. Thisis
arare difference between how the two types of lettuce were affected by the treatments.
Counts of Enterobacteriaceae on asparagus and celery were both not significantly affected by
the four differing treatments. These results that on three of the four types of produce tested,

Enterobacteriaceae counts were not significantly affected by the four differing treatments.

Fungi

Fungi populations wereanalyzed because they can be both a safety and spoilage
indicator (Beuchat & Ryu, 1997). Figure 2.2 shows that fungi counts onred leaf lettuce were
significantly reduced by treatments including conditioning compared to treatments that did not
contain conditioning. The average log reduction of fungi onred leaf lettuce between
conditioningand no conditioning was 1.1 log cfu/g. This reduction indicates that conditioning
thered leaf lettuce every 24 hours was crucial to the removal of fungi from the produce. This
reduction is potentially indicative of inactivation of both spoilage and pathogenicfungi onthe
red leaf lettuce. Resultsfrom romaine lettuce werethe same as red leaf lettuce. Conditioning
lettuce reduced counts of fungi compared to lettuce that was not conditioned. The same result
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can be seenoncelery, conditioned celery had significantly lower counts of fungi compared to

not conditioned celery.

Figure 2.12 shows how these conditioning treatments did not greatly affect the counts of fungi
on asparagus. Conditioning with misting produced significantly lower counts of fungi on the
asparagusduringits 72 hourshelflife compared to asparagus that was treated with no
conditioningand no misting. The difference was only 0.4log cfu/g. These results generally
indicate that on a microbial basis asparagus was not greatly affected by the conditioning
treatmentappliedtoit. Thisisin stark contrast to both types of lettuces that were tested, which
were consistently affected by the type of treatmentapplied to them during their 72 hour
storage in simulated grocery store conditions. Thisis most likelydue to asparagus not being fully
immersedinthe conditioning water during conditioning. Asparagus is traditionally not fully
immersedinwater during conditioning due to the water quickly causing quality lossin the tips

of the asparagus which are prone to microbial growth whenthey becometoo hydrated.

2.6 - Conclusion

Results fromthe analysis of aerobic psychrotrophicbacteria growing on asparagus, red
leaf lettuce, celery and romaine lettuce duringa 72 hour simulated grocery store produce rack
storage indicate that differing treatments only affected the counts on the two lettuce’s tested,
but asparagus and celery were not affected. Results from red leaf and romaine lettuce indicated
that conditioning with no misting was a better treatment for reducing psychrotrophic bacteria

counts compared to no conditioning with no misting.

Results from the analysis of fungi countsindicated that conditioning celery, romaine
lettuce and red leaf lettuce significantly reduced the counts of fungi found on the produce

compared to produce that was not conditioned. Results foraerobic mesophilicbacteria counts
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indicated thatin general, conditioning these fresh vegetables reduced the counts found onthe
produce compared to unconditioned treatments. Results for Enterobacteriaceae countindicated
that regardless of treatment on three of the fourtypes of produce, no significant differencesin
count were found. Sensory resultsindicate thaton all fourtypes of produce, conditioning with
no misting produced the most crisp produce, with no conditioning with no misting producing the

lowestaverage crispness.

These resultsindicate that conditioning produce during storage on agrocery store produce rack
improved important traits of the produce including crispness and microbial load of important
microorganisms. The effect of misting was harder to distinguish due the misters being setto
spray every two minutes which was perhaps too frequent causing aloss of crispnessin some

cases when produce was also conditioned.
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Chapter 3 - Conditioning with electrolyzed water and contribution to the
microbiological quality of fresh produce during simulated storage in retail
establishments and consumer’s home

3.1- Abstract

The safety and quality of fresh produce sold at grocery storesisa point of competition
between many grocery store chains. Companies that can offerthe most fresh, safestand least-
expensive fresh produce are well-equipped toincrease their customer base. Grocery stores may
use antimicrobial agents toimprove the quality of fresh produce and one of these agentsis
electrolyzed water. Solutions of antimicrobial agents may be used during washing or misting of
fresh produce while itisonthe produce rack shelves. Washing the produce with electrolyzed
wateris alsoreferredtoas conditioning and is typically done daily while the produce is held on
the produce rack. Mistingis performed periodically with diluted electrolyzed water sprayed onto

the produce on the produce rack. This research analyzed the effectiveness of electrolyzed water

as the conditioning agentversus tap water, along with the impact of trimming.

Asparagus, red leaf lettuce and romaine lettuce were the fresh produce used for this
research. The four conditioning treatments tested were (i) electrolyzed water with the produce
stemsintact, (ii) electrolyzed water with the stems trimmed, (iii) tap waterwith the stems
intact, and (iv) tap waterwith the stems cut. Conditioning was performed every 24 hours during

a 72 hourproduce rack storage; misters periodically sprayed the produce throughout those 72
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hours. The produce was then transferred to refrigerated storage for seven days to simulate

consumer handling of purchased products.

Sensory results of the crispness of the produce also did notindicate any significant
difference between using electrolyzed water versus tap water as the conditioning agent.
Microbial resultsindicated that electrolyzed water was not more effective than tap water at
reducingthe counts of psychrotrophicbacteriaon any of the types of produce during both the
produce rack storage and the refrigerated storage. Results did indicate that electrolyzed water
was effective atreducing counts of Enterobacteriaceae and fungi on all three types of produce
duringthe produce rack storage time period and this result carried over forthe most part to the

refrigerator storage time period as well.

3.2 - Introduction

The sale of fresh produce in grocery stores accounts for billions of dollars every yearin
the United States of America (Bruhn, 2002). Hundreds of different kinds of fresh produce are
available atgrocery stores with theirown unique characteristics, cooking applications and safety
concerns (Cook, 2002). Maintaining the freshness and safety of the produce is of absolute

importance to grocery stores around the world (Cook, 2011a).

Fresh produce retail brings unique challenges to grocery companiesinvolved. The
nature of sellingfreshand minimally processed produce causes these products to be susceptible
to microbial contamination that contribute to safety and spoilage problems (Cantwell & Suslow,
2002; Harris, et al., 2002). Pathogenicbacteriacommonlyinhabit fresh produce and are not
effectively eliminated due to the lack of processing before the productissold (Cantwell &
Kasmire, 2002). Fresh produce can also be contaminated with spoilage microorganisms such as

Pseudomonas sp. (Beuchat & Ryu, 1997). Electrolyzed wateris applied to fresh produce in some
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grocery stores to improve the crispness of the produce and decrease microbial counts (Gomez-

Lopez, 2012).

Thisresearch was initiated to analyze the impact of using electrolyzed water, rather
than tap water, to condition and mist fresh produce while itis heldinthe grocery store. The
impact of these treatments was determined by microbiological analysis to determine bacterial
and fungal counts, and sensory analysis to measure product crispness. These tests were done
during simulation of fresh produce storage forthree daysin retail establishment, followed by a
seven-day refrigerated storage simulating consumer handling of these products. The impact of

trimming lettuce heads and asparagus stalks during conditioning was also analyzed.

3.3 - Materials and methods
Experimental

In orderto simulate the environment during holding fresh producein retail
establishments, anindustrial producerack equipped with waterspraying mistersanda
refrigeration unitwasinstalledin apilot plant at Ohio State University. The produce rack was
calibrated to maintain 3° C during experimentation. The misters sprayed the produce with
electrolyzed water forseven seconds every 15 minutes. Ele ctrolyzed water was produced on site
viaan electrolyzing water unit that produced a solution of 50 parts permillion (ppm)chlorine,
which was used for the conditioning treatments. This electrolyzed water was diluted to 4 ppm
chlorine foruse in the misting system. The produce rack was equipped with a vertical plastic
barrierinthe centerinorderto allow fortesting of two different treatments at the same time.
In orderto simulate aconsumer’s home storage conditions, a walk-in refrigerator maintained at

4°C was used. Testing took place overthe course of six consecutive weeks. Three replicates were
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completed foreach of the four treatments, with two different treatments randomly tested each

week.

Romaine lettuce, Red leaf lettuce and asparagus were acquired, within three days of
harvest, from a regional distribution center and transported to Ohio State University wherethe
produce wasimmediately transferred to awalk-in refrigeratorset at4° C. Using simulated
grocery store procedures, the produce was prepared for storage on the grocery store produce
rack. Produce was conditioned following set procedures depending on the type of produce.
Romaine andred leaf lettuce were conditioned following the same procedure. Lettuce was first
inspected for physical damage or molding on the outerleaves, any of these leaves that were
deemed damaged enough to prevent someone from buying that piece of produce at the grocery
store were removed. Inthe produce designated as “conditioned,” the browned cut-surface on
lettuce head bottoms were cut down by one centimeterto reveal afresh white bottom. This
cutting step was skippedinthe “soaking” treatment produce. The lettuce heads were then
transferredto 10 gallon tubs containing the 50 ppm chlorine electrolyzed water solution. They
were fullyimmersed and soaked for 15 minutes. Once the electrolyzed water soaking was
complete, the lettuce was removed and gently shaken to remove waterand placed on the

produce rack in a standardized pattern.

The asparagus conditioning procedure was slightly different. The bottoms of the
asparagus stalks were inspected and the bottoms were cut down by 1.5 centimeters forthe
batches designated “conditioning”. This step was skipped for the batches designated “soaking”.
The asparagus was then transferred toa 10 gallontub containing 50 ppm chlorine electrolyzed

waterat a depth of about 2 inches. The asparagus bunches were placed standing up in the water
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to prevent waterfrom overhydrating the tips of the asparagus. The asparagus was soaked for

45 minutes before being returned to the produce rack and placed in a standardized pattern.

The produce was always loaded into the produce rack following the same patternin
orderto ensure consistentresults. Asparagus was loaded on the top shelf, with red leaf lettuce
on the middle shelfand romaine lettuce onthe bottom shelf. The produce was bunched
togethertightly onthe shelf to simulate agrocery store environment. The produce was all
oriented the same direction. Whenever produce was remove d from the rack to be used for
experimentation, extra produce that had been keptinthe walk-in refrigerator was used to
replaceit. These replacement pieces were marked and any other pieces of produce that came in
contact withthem were not used forsubse quent testing. The replacement pieces were used to
ensure consistent density of the produce within the rack. Picture 1illustrates the produce rack

usedto simulate agrocery store setting.

Picture 3.1: Example of the simulation of grocery store rack fresh produce storage®
? = celery was not presentinthis phase of testing, only the top three shelves were used
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Once the 72 hourstorage was complete, the pieces of produce were individuallybagged in
plasticgrocery store bags, allowed to sitat room temperature forone hour, and then
transferred tothe 4° C refrigerator. This was done to simulate a grocery store customer
purchasingthe produce, transportingittotheirhome, and storingitin theirhome refrigerator.
The bags of produce were not touched until they were individual taken foranalysis after three,

five and seven days of storage in the refrigerator.

Sample preparation for microbiological and sensory analysis

Produce was analyzed by microbiological and sensory methods at 0, 24, 48 and 72 hours
of storage onthe produce rack. The produce wasthentested afterthree, five and seven days of
storage inthe walk-in refrigeratorforatotal of 10 days of storage with seventesting points for
each batch of produce. The zero hourwas defined as when the process of loading the produce
rack began, before any conditioning treatments were applied. Aseptically handled pieces of
produce were randomly selected and cutin half for testing. One half of the piece of produce was
used for sensory analysis, while the other half was used for microbiological analysis. Sensory
analysis was always performed within one hour after cutting occurred. Microbiological samples
were aseptically stored at4° C and testing was completed within three hours after cutting

occurred.

Sensory analysis

A trained panel of eight people was used for sensory analysis. Between fourand seven
of these panelists attended each sensory analysis session. Panelists were trained to examine
only the crispness of the produce. They were allowed to touch and manipulate the produce to

helpthemassign a score, breaking of the pieces of produce was allowed. Scores were marked
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on an anchored non-numberline scale. The marks the panelists made were then measured and

converted to a score out of 100 for crispness of the produce on that individual day.

Microbiological analysis

Pieces of produce used for microbiological analysis were homogenized and serially
dilutedin buffered peptone waterto be plated forenumeration on agar plates. The groups of
bacteriathat were tested for were aerobic psychrotrophic, aerobic mesophilic,
Enterobacteriaceae and fungi. Aerobic mesophilicand psychrotrophicwere plated on trypticsoy
agar (Becton, Dickinson and Company, Franklin Lakes, New Jersey) and incubated at 37° C for 48
hoursand 4° C for ten days respectively. Testing for Enterobacteriaceae was done using Violet
Red Bile Agar (EMD Millipore, Billerica, Massachusetts) incubated at 37° C for48 hours. Fungi
testing was done using Dichloran Glycerol 18% Agar (DG18) (Oxoid, Hampshire, England)

incubated at 23° C forfive days.

Statistical analysis

Three replicates were completed for each of these four treatments. Statistical analysis
was performed using the program SAS (SAS Institute, Inc., Cary, North Carolina) Version 9.3. An
advanced generalized linear modelwas used that accounted forthe random effected created by

the six separate weeks of testing. The modelused was:

Sensory score or microbiological count =treatmentapplied +day of analysis + weekly batch.

A Tukey’s analysis was performed and the significant differences are represented in the
figures below by differing letters associated with each treatment. A 95% confidence interval
was used to calculate significant differences. Datafrom the 24, 48 and 72 hourtime points

during produce rack storage were grouped togethertoimprove statistical power. Datafrom the
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three, five and seven day time points of refrigerator storage was also grouped togetherto

improve statistical power. The day 0 counts were not included in the results seen below.

3.4 - Results
Asparagus

Figures 3.1 illustrates how aerobic psychrotrophic bacteria counts were affected by four
different conditioning and misting treatments applied tothe produce duringits storage time on
the produce rack. Results show that treating the asparagus with electrolyzed water with soaking
produced higher counts of psychrotrophicbacteriacompared to both treatments that used tap
water. Figure 3.2 shows how these results changed during the asparagus’s subsequent storage
ina refrigeratorsimulating a consumer purchasing the asparagus and bringingithome. In all
fourtreatments, the counts of psychrotrophicbacteriaincreased by one log or more. The results
indicate that electrolyzed water with soaking produced significantly higher counts of
psychrotrophicbacteria on asparagus than tap water with soaking during the seven days of

refrigerator storage.

Aerobicmesophilicbacteria counts were notsignificantly affected by the differing
treatments applied to asparagus during the 72 hours of produce rack storage. Considering data
in Figure 3.3; there are no significant differences between the four treatments. Figure 3.4shows
that asparagus treated with electrolyzed water with conditioning produced significantly lower
counts of aerobic mesophilicbacteriacompared to tap waterwith conditioning. Countsduring
the seven day refrigerator storage were about 0.75 logs higher than counts from the produce

rack storage time.
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Fungi counts on asparagus were also not significantly affected by the different
treatments applied to asparagus. This was observed for both the 72 hour produce rack storage
and the seven dayrefrigerator storage. Figures 3.5and 3.6 illustrate this result and show that
average fungi countsstarted as low as 2.7 log cfu/g during produce rack storage and increased

by lessthana logduringrefrigerator storage.

Enterobacteriaceae counts were not significantly affected by the differing treatments
appliedtoasparagus duringthe 72 hours of produce rack storage. Figure 3.7 shows that
regardless of treatment Enterobacteriaceae counts remained approximately 4.2 log cfu/g. Figure
3.8 indicatesthat duringthe seven day refrigerator storage, a significant differencein
Enterobacteriaceae counts was found. Asparagus treated with electrolyzed water with
conditioning produced significantly lower Enterobacteriaceae counts compared to both

treatments that used tap waterinstead of electrolyzed water.

Results from the sensory analysis to evaluatethe crispness of the asparagus produced
no significant differences between the treatments. Figures 3.9and 3.10 indicate thataverage
crispness scores forthe asparagus duringits 72 hour produce rack storage were around 78 out

of 100, while scores fromthe subsequent refrigerator storage dipped to around 73 on average.
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Figure 3.1: Average Log,, colony forming units pergram (cfu/g) of psychrotrophicbacteriafound
inasparagus during 72 hours of grocery store produce rack storage.

6.5
6 -
5.5 -
W Tap water with soaking
5 —
Lo M Electrolyzed water with
g 4.5 - conditioning
-7
K] H Tap water with
4 - conditioning
M Electrolyzed water with
3.5 7 soaking
3 -
2.5 -
Treatment

Figure 3.2: Average Log,, colony forming units pergram (cfu/g) of psychrotrophicbacteriafound
inasparagus during seven days of refrigerated storage following 72 hours of produce rack

storage.
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Figure 3.3: Average Logy, colony forming units pergram (cfu/g) of aerobic mesophilic bacteria
foundinasparagus during 72 hours of grocery store produce rack storage.
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Figure 3.4: Average Logy, colony forming units per gram (cfu/g) of aerobic mesophilicbacteria
foundinasparagus during seven days of refrigerated storage following 72 hours of produce rack
storage.
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Figure 3.5: Average Log,, colony forming units per gram (cfu/g) of fungi found in asparagus
during 72 hours of grocery store produce rack storage.
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Figure 3.6: Average Logy, colony forming units pergram (cfu/g) of fungi found in asparagus
during seven days of refrigerated storage following 72 hours of produce rack storage.
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Figure 3.7: Average Log,, colony forming units per gram (cfu/g) of Enterobacteriaceae foundin
asparagus during 72 hours of grocery store produce rack storage.
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Figure 3.8: Average Logy, colony forming units pergram (cfu/g) of Enterobacteriaceae foundin
asparagus during seven days of refrigerated storage following 72 hours of produce rack storage.
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Figure 3.9: Average crispness sensory score of asparagus during 72 hours of grocery store
produce rack storage.

a =sensory score as measured by anon-numeric anchored line scale with the score converted to a score out of 100
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Figure 3.10: Average crispness score of asparagus during seven days of refrigerated storage
following 72 hours of produce rack storage.

a =sensory score as measured by anon-numeric anchored line scale with the score converted to a score out of 100
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Red leaf lettuce

Figures 3.11 and 3.12 indicate how the counts of aerobicpsychrotrophicbacteriawere
affected by differing treatments that were applied tored leaf lettuce duringa 72 hour produce
rack storage followed by asubsequent seven day storage in the refrigerator. No significant
differencesin counts were noted during eitherthe 72 hour produce rack storage or the seven
day refrigeratorstorage. Average psychrotrophiccountsdidincrease by 1.5 log cfu/g between

the days onthe produce rack against the days in the refrigerator.

Figure 3.13 shows thatapplying electrolyzed watertreatments to the red leaf lettuce
duringits 72 hour produce rack storage significantly reduced aerobic mesophilic bacteria counts
comparedto red leaf lettuce treated with tap water. This significant different partially carried
overto average aerobic mesophiliccounts during the seven day refrigerator storage (Figure
3.14). Red leaf lettuce treated with electrolyzed water with soaking had significantly lower

counts of aerobicmesophilicbacteriacompared to both treatment groups involving tap water.

Fungicountson red leaf lettuce were significantlyaffected by the type of waterapplied
to redleaf lettuce duringits produce rack storage. Figure 3.15 indicates thatred leaf lettuce
treated with electrolyzed water produced average fungicounts of about 2.4 log cfu/g, while the
tap watertreated red leaf lettuce produced average counts of 3.5 log cfu/g. This difference was
alsoapparentduringthe subsequent seven day refrigerator storage. Figure 3.16indicates that
red leaf lettuce treated with electrolyzed water produced average fungicounts of 2.9 log cfu/g,

compared to the tap watertreated red leaf lettuce produced average counts of 3.7 log cfu/g.

Enterobacteriaceae countsonred leaf lettuce were affected in a pattern similarto what
was observed in fungi counts duringthe 72 hour produce rack storage. Figure 3.17 indicates that

red leaf lettuce treated with electrolyzed water produced significantly lower counts of
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Enterobacteriaceae compared to the two treatment groups using tap water. Figure 3.18
indicates that this difference was partially carried overto Enterobacteriaceae counts on the red
leaf lettuce during the seven day refrigerator storage, the electrolyzed water with conditioning
treatment produced  significantly lower counts compared to the tap water with soaking

treatment.

Sensory analysis of the crispness of the red leaf lettuce indicated that tap water with
conditioning produced significantly crisper produce compared to electrolyzed water with
conditioning duringthe 72 hour produce rack storage (Fig. 3.19). Figure 3.20 illustrates that no
significant differences were seeninthe crispness of red leaf lettuce regardless of the treatment

applied beforethe seven day refrigerator storage.
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Figure 3.11: Average Logy, colony forming units per gram (cfu/g) of psychrotrophicbacteria
foundinred leaf lettuce during 72 hours of grocery store produce rack storage.
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Figure 3.12: Average Logy, colony forming units pergram (cfu/g) of psychrotrophicbacteria
foundinred leaf lettuce during seven days of refrigerated storage following 72 hours of produce

rack storage.
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Figure 3.13: Average Logy, colony forming units per gram (cfu/g) of aerobic mesophilicbacteria
foundinred leaf lettuce during 72 hours of grocery store produce rack storage.
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Figure 3.14: Average Log,, colony forming units pergram (cfu/g) of aerobic mesophilicbacteria
foundinred leaf lettuce during seven days of refrigerated storage following 72 hours of produce

rack storage.
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Figure 3.15: Average Log,, colony forming units pergram (cfu/g) of fungi foundin red leaf
lettuce during 72 hours of grocery store produce rack storage.
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Figure 3.16: Average Log, colony forming units pergram (cfu/g) of fungi foundinredleaf
lettuce during seven days of refrigerated storage following 72 hours of produce rack storage.
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Figure 3.17: Average Log,, colony forming units pergram (cfu/g) of Enterobacteriaceae foundin
redleaf lettuce during 72 hours of grocery store produce rack storage.
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Figure 3.18: Average Log,, colony forming units per gram (cfu/g) of Enterobacteriaceae foundin
red leaf lettuce during seven days of refrigerated storage following 72 hours of produce rack
storage.
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Figure 3.19: Average crispness sensory score of asparagus during 72 hours of grocery store
produce rack storage.

a =sensory score as measured by anon-numeric anchored line scale with the score converted to a score out of 100
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Figure 3.20: Average crispness score of asparagus during seven days of refrigerated storage
following 72 hours of produce rack storage.

a =sensory score as measured by anon-numeric anchored line scale with the score converted to a score out of 100
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Romaine

Figure 3.21 indicates thataerobicpsychrotrophicbacteria counts on romaine lettuce
were not significantly affected by the four differing treatments applied during the 72 hour
produce rack storage. A significant difference in aerobic psychrotrophicbacteria counts was
noted duringthe seven day refrigerator storage. Figure 3.22illustrates that romaine lettuce
treated with electrolyzed water with conditioning produced significantly lower average counts

of aerobicpsychrotrophicbacteriacomparedtothe otherthree treatments.

Figures 3.23 and 3.24 indicate that during both the 72 hour produce rack storage and
the seven dayrefrigeratorstorage, romaine lettuce treated with electrolyzed water as opposed
to tap water, produced significantly lower average counts of aerobic mesophilicbacteria. The

difference was approximately 0.75 log cfu/g throughout testing.

Fungi counts on romaine lettuce during produce rack storage were significantly affected
by the type of treatment applied. Figure 3.25 indicates that romaine lettuce treated with
electrolyzed water produce significantly lower counts of fungi compared to romaine lettuce
treated with tap water duringits 72 hour produce rack storage. Figure 3.26 shows that during
the seven days of refrigerator storage the romaine lettuce that had been previously treated with
electrolyzed water with conditioning produced significantly lower counts of fu ngi compared to

the otherthree treatmentgroups.

Figure 3.27 illustrates how Enterobacteriaceae counts reacted similarly to fungi counts
on romaine lettuce duringthe 72 hour produce rack storage. The romaine lettuce treated with
electrolyzed water treatments produced significantly lower counts of Enterobacteriaceae
comparedto the tap treated romaine lettuce. This difference was partially transferred on to the

seven day refrigeratorstorage. Figure 3.28 indicates that romaine lettuce previously treated

64



with electrolyzed water with conditioning produced significantly lower Enterobacteriaceae

counts compared to the two tap watertreatmentgroups.

Figures 3.29 and 3.30 indicate that no significant differencesin crispness between the
fourtreatments were found. This was observed in both the 72 hour produce rack storage time
and the seven day refrigerator storage. Crispness scores dropped by an average of seven points

when scores are compared between the produce rack and refrigerator storage time periods.
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Figure 3.21: Average Log,, colony forming units pergram (cfu/g) of psychrotrophicbacteria
foundinromaine lettuce during 72 hours of grocery store produce rack storage.
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Figure 3.22: Average Logy, colony forming units pergram (cfu/g) of psychrotrophicbacteria
foundinromaine lettuce during seven days of refrigerated storage following 72 hours of

produce rack storage.
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Figure 3.23: Average Logy, colony forming units per gram (cfu/g) of aerobicmesophilicbacteria
foundinromaine lettuce during 72 hours of grocery store produce rack storage.
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Figure 3.24: Average Logy colony forming units per gram (cfu/g) of aerobic mesophilicbacteria
foundinromaine lettuce during seven days of refrigerated storage following 72 hours of
produce rack storage.
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Figure 3.25: Average Logy, colony forming units pergram (cfu/g) of fungi found in romaine

lettuce during 72 hours of grocery store produce rack storage.
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Figure 3.26: Average Log,, colony forming units pergram (cfu/g) of fungi found in romaine
lettuce during seven days of refrigerated storage following 72 hours of produce rack storage.
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Figure 3.27: Average Log,, colony forming units per gram (cfu/g) of Enterobacteriaceae foundin
romaine lettuce during 72 hours of grocery store produce rack storage.
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Figure 3.28: Average Logy, colony forming units pergram (cfu/g) of Enterobacteriaceae foundin
romaine lettuce during seven days of refrigerated storage following 72 hours of produce rack
storage.
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Figure 3.29: Average crispness sensory score of asparagus during 72 hours of grocery store
produce rack storage.

a =sensory score as measured by anon-numeric anchored line scale with the score converted to a score out of 100
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Figure 3.30: Average crispness score of asparagus during seven days of refrigerated storage
following 72 hours of produce rack storage.

a =sensory score as measured by anon-numeric anchored line scale with the score converted to a score out of 100
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3.5 - Discussion

Sensory analysis of crispness

Sensory results forthe crispness of the asparagus duringits produce rack storage and
refrigerator produced nosignificant differences between the treatments. This resultindicates
that both the type of waterused for conditioning and the act of cutting off the bottom of the
stalks of asparagus do not noticeably affect the crispness of the asparagus at eitherthe grocery
store or in the consumer’shome. The same result was seen forromaine lettuce, no significant
differencesin crispness were noted onthe produce rack or duringrefrigerated storage. These
results are significant because many grocery stores began using electrolyzed wateron their

produce because they believed itwould improve the crispness of their produce.

Sensory results forthe crispness of red leaf lettuce produced interesting results. During
the produce rack storage time period, tap water with conditioning produced red leaf lettuce
that was scored significantly higherfor crispness compared to electrolyzed water with
conditioning. This significant difference disappeared during the seven day refrigerator storage
simulating storage inthe consumer’s home. Similarly to the results for asparagus, the results for
red leaf lettuce indicate that applying electrolyzed water as the conditioning water does not
significantlyimprove the crispness of the produce undergoing simulated grocery store
procedures. These results actually indicated the opposite was partially true during the produce

rack storage time period of red leaf lettuce.

Aerobicpsychrotrophic bacteria count

Results from the application of four differing produce conditioning treatments applied
to asparagus duringa 72 hour produce rack storage followed by aseven day refrigerator storage

producedinteresting results. Conditioning the produce with tap waterwithouttrimmingthe
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bottoms of the asparagus stalks produced the lowest counts of aerobic psychrotrophic bacteria
during both the produce rack and refrigeratorstorage. This resultis significant because
psychrotrophicbacteriaare the cold loving bacteria capable of slow yet steady growth at
refrigeration temperature which asparagusis subjected to throughoutits lifetimein the grocery
store and at the consumer’s home. Comparing the results collected from the produce rack
versus the refrigerator storage confirmthis, average psychrotrophic bacteriacountsinthe
refrigeratorwere more than 1 log higherthan the average produce rack counts collected aweek
earlier. Psychrotrophicbacteriainclude spoilage causing bacteriaand opportunistic pathogens

such as species of Pseudomonas spp (Gémez-Lopez, 2012).

Counts of psychrotrophicbacteriaonred leaf lettuce grew 1.5log cfu/g from the
average day on the produce rack to the average day inthe refrigerator. This result once again
indicate that electrolyzed wateris not more effective than tap waterat reducing the counts of
psychrotrophicbacteriaon produce, as the same result was seen with asparagus. Similar results
were seenonromaine lettuce, nosignificant differencesin aerobic psychrotrophicbacteria were
found on eitherromaine lettuce orred leaf lettuce when comparing electrolyzed water versus
tap water. Otherthan improving crispness, grocery stores primarily use electrolyzed water
because they believeit will cause theirfresh produceto remain fresh andresist spoilagewhen
treated with electrolyzed water (Al-Haw & Gomez-Lopez, 2012; Hricova D, 2008). Inthe case of
both crispness and aerobic psychrotrophic count, neither of them saw a notedimprovementin

produce quality overtap waterwhen treated with electrolyzed water.

Aerobicmesophilicbacteria and Enterobacteriaceae

Duringthe 72 hour produce rack storage, the four treatments did not significantly affect

the aerobicmesophilicbacteriaand Enterobacteriaceae counts on asparagus. Interesting, during
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the subsequent refrigerator storage period, counts of aerobic mesophilicbacteriaand
Enterobacteriaceae was significantly slowed on asparagus treated with electrolyzed water with
conditioning. Itisinteresting that the differences between the treatments did notbecome

apparentuntil the asparagus was stored untouchedinthe refrigerator.

Red leaf lettuce treated with electrolyzed water produced significantly lower counts of
aerobicmesophilicand Enterobacteriaceae bacteria counts compared tored leaf lettuce
conditioned with tap water. This difference did not fully carry overto the refrigerator storage
time period. Results forthe counts of aerobic mesophilicbacteriaand Enterobacteriaceae on
romaine lettuce were also similarto red leaf lettuce. During the 72 hour produce rack storage
time period, the romaine lettuce treated with electrolyzed water produced lower counts of the
two aforementioned groups of bacteria compared to the tap watertreatment groups. The
differences mostlycarried overto the refrigerator storage time period. Indicating that compared
to redleaflettuce, electrolyzed water applied to romaine lettuce was more effective at
inhibiting the growth of aerobic mesophilicbacteriaand Enterobacteriaceae during the
refrigeratorstorage time period. In general, these fourtreatments affected counts of
Enterobacteriaceae and aerobic mesophilicbacteriaon all three types of produce ina similar

fashion.

Reducing Enterobacteriaceae counts potentially indicates electrolyzed water’s ability to
inactive pathogenicbacteriain asimulated grocery store setting. Previous studies have shown
electrolyzed water’s effectiveness at inactivating pathogens on produce; however none of these
studies attempted to simulate a grocery store’s procedures and environment (Abadias M, 2008;
Forghani, 2013). Furtherstudies need to be done to confirm electrolyzed efficacy againsta

specificpathogenicbacteriawhilesimulating grocery store procedures.
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Fungi

Fungi counts were analyzed because they can be both a safety and spoilage indicator
(Beuchat & Ryu, 1997). Fungi counts on asparagus were not significantly affected by any of the
fourtreatments. Thisis explained by the fact that the conditioning procedure forasparagus
involved only dippingtheminabouttwoinches of water. This meant that the fungi attached to

any part of the upper portion of the asparagus stalks was unaffected by the treatment.

Fungi counts were significantly affected by the type of water used during conditioning of
redleaf lettuce. Red leaf lettuce treated with electrolyzed water produced significantly lower
counts of fungi during both the produce rack storage and the refrigerator storage. This
difference indicates that the chemical oxidizing action of chlorine was effectiveatinactivating
fungi onred leaf lettuce, and this difference carried overto the seven day dormant storage in
the refrigeratorsimulating storage ata consumer’s home. Romainelettuce produced very
similarresultstoredleaf lettuce when the counts of fungi onthem were analyzed. Romaine
lettuce treated with electrolyzed water produced significantly lower counts of fungi compared
to romaine lettuce treated with tap water during the produce rack storage time period. This
resultindicates thatthe chlorinein electrolyzed wateris effective atinactivating fungi on fresh
produce. Dissimilarly to red leaf lettuce, while the romainelettuce was stored in the refrigerator
only the electrolyzed water with conditioning treatment group continued to produce
significantly lower counts of fungi compared tothe otherthree treatments. Overall theseresults
indicate that electrolyzed water conditioning was more effective at reducing counts of fungi on

lettuce than tap water.
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3.6 Conclusion

The populations of aerobic psychrotrophicbacteria on these three types of produce
were largely not affected by the type of conditioning water applied to it. On asparagus, tap
waterwas actually betteratreducing the count of psychrotrophicbacteriacomparedto

electrolyzed water.

On both types of lettuce, fungi counts were significantly reduced by using electrolyzed
waterinstead of tap wateras the conditioning washing solution. This difference was apparent
on both the produce rack andin the extended refrigerator storage time period. Similar results
were also seenlooking atthe counts of aerobicmesophilicbacteriaand bacteriabelongingto
the group Enterobacteriaceae. Although the significant differences resulting fromthe

differences did not carry overto the refrigeratorstorage time period in some cases.

Sensory resultsindicated that using electrolyzed waterinstead of tap waterdid not
bring about an increase in the crispness of any of the types of produce during theirtime on the
produce rack or the refrigerator. Cutting off or leaving the bottoms or stems of the asparagus

and lettuce also did not affect the crispness of the produce.

Overall resultsindicating that electrolyzed water was advantageous in reducing counts
of aerobicmesophilicbacteria, bacteriabelonging to the group Enterobacteriaceae and fungion
the three types of fresh produce tested. Electrolyzed water showed no benefit compared to tap
when attemptingtoimprove the crispness of the produce orthe aerobic psychrotrophic
bacteria count. In general, the removal of the stem of the produce during conditioning did not

affectany of the tested variables.
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