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Abstract
Foodborne outbreaks involvingisteria monocytogenes, Salmonella enteritidis, and E. coli
0157:H7 from contaminated fresh produce have beemeasingly recognized all over the world.
The purpose of this research was to determineftbet ®f irrigation water and soil on microbial
quality of leafy greens and tomatoes grown in d#fee parts of North Carolina (NC). Soil and
water samples were collected from 4 small farmsatied in NC and inoculated onto selective
media (TSA for total aerobic count, XLT4 f8almonella spp. (SS), and MacConkey for totdt.
coli speciesgC). All plates were incubated for 48 hours at 37 %allowing incubation, colonies
were counted and the numbers were expressed asQEg/ml. The identification of
microorganisms was carried out by multiplex PCRysis
The results indicated that soil samples colle@tech the farms located in the eastern part of NC
had the highest microbial load (7.46 Log CFU/mIT@A, 6.68 Log CFU/ml on MAC, 5.61 Log
CFU/ml on XLT4) in the summer. Both water and saimples collected from farms located in
the western part of the state had the lowest mialadounts, indicating that humidity and
temperature directly affect the microbial contehsoil and irrigation water. The PCR analysis
confirmed the presence 86 only in soil samples collected from a farm locatedhe eastern
part of the state. These findings indicate thatrowpments are needed to avoid pathogenic
bacterial contamination in fresh produce farmingragons in NC and this should be carried out

by training farmers on produce safety.



CHAPTER 1

Introduction

Nutritional guidelines geared towards improving taig choices have increased
consumer preference for fresh produce within theade. Dietary assessment of vegetable
consumption in the U.S shows 17% increase ovepalsefour decades. According to the USDA
Economic Research Service, the average Americasuocoes 1.7 cups of vegetables per day.
This average is 11% above the 1970s average afup$ per day (USDA Economic Research
Service; Thornsbury, Jerardo, & Hodan, 2012). 1h@®Qhe total vegetable amount available for
consumption in the U.S has increased by 17 % si®& (Thornsbury, Jerardo, & Hodan,
2012). Between 1970 and 2010, fresh vegetabletabidy showed 21% growth in availability
in the U.S (Thornsbury, Jerardo, & Hodan, 2012pec&ically, romaine lettuce production has
increase three fold between 1985 and 2010.

Research surveys have indicated that the consumeptioucumbers in the U.S increased
by 15% in 2011 compared to 2004 (Absar Alum, 201The consumption of vegetable and
melon crops, which ranked at a top value of 38%stsmated to increase 1.7% annually (North
Carolina Department of Agriculture and Consumervides and The Agriculture Statistic
Division, 2011). The production volume of vegetabhd melons are also projected to increase
at 0.8 % year, reaching 330 billion kilograms by2@0(North Carolina Department of
Agriculture and Consumer Services and The Agricaltstatistic Division, 2011) Statistics on
crop production value in North Carolina indicate &% increase from 2006 to 2010 (North
Carolina Department of Agriculture and Consumervides and The Agriculture Statistic

Division, 2011). While consumer intakes of leafegns increased 9% from 1996 to 2005,



foodborne outbreaks associateith leafy green produce increased 392aniel Carycoppoc, &
Manasharma, 2011). Figurk indicates that consumption of fresh fruasc vegetables has

strongly correlated with thieighe! rate of domestic foodborne illnesses in regesairs.

rlll.

Fish& Shellfish Ve
§ O Deaths
= M llinesses

Dairy & Eggs

Meat& Poultry

Commodity Category

Produce

0% 10% 20% 30% 40% 50%

Figure 1.1 U.S Food SourceAssociatecwith Estimated llinesses & Death fd®9¢-2008.

Over the past severajears, E. coli O157:H7, Salmonella spf., and Listeria
monocytogenes have been thanajor concerns in the U.S fresh produoéustry Between
January and August of 201&enty-five states reported an outbreakSafmonella Agona strain
among one-hundred and dixdividuals (CDC, 2011). Investigations tracélke outbreak to the
consumption of fresh papayasiported from Mexico (CDC, 2011a). Qduly the 5" 2011,
twenty-five individuals pbetweel the age of 12 and 77, in five states repohadn¢ Salmonella
Enteritis (CDC, 2011b)investigatiol by CDC, FDA, and state and locadgulaton agencies
linked the outbreak t&vergree Fresh Produce Sprouts, LLC alfalfa spraat spicy sprouts

grown in Moyie Spring, IdahdqCDC, 2011c). Another case reported &ume 20 of 2011



involving twenty individuals located in ten statesre infected wittfSalmonella enterica Panama

strain, which was traced back to cantaloupe hagdesom a Guatemalan farm (CDC, 2011d).

In another case just recently reported in ten stafiéhin the U.S, sixty individuals were
infected with E. coli O157:H7 in late 2011(CDC, 20llegalmonella Typhimurium and
Salmonella Newport were recently associated with a 261-persatbreak associated with
cantaloupe from Owensville, Indiana (CDC, 2011dyuFe 1.2 shows individuals infected with
Salmonella Typhimurium andSalmonella Newport linked to the cantaloupe in United States
from the time of illness onset. These recent aaioais ofE.coli O157:H7 andsalmonella spp.
outbreaks with consumed fresh produce has leadvisiigation within fresh produce farming
practices. The objective of this research is tessthe association of season soil differences
and farming practices among fresh produce susdepblE.coli O157:H7,Salmonella spp., and

Listeria monocytogenes.

Within North CarolinakE.coli O157:H7 outbreaks associated with animal contat¢het

2011 State Fair have notably documented. Howexeshfproduce grown in North Carolina has
not been fully researched in possible risks asuacsoof foodborne outbreaks in recent years.
Within North Carolina alone, previous soil and watgcrobial testing lack extensive research.
The various climatic regions for various fresh proel farms can have significant influences on
the risks for pathogenic contamination. Climatiinditions involving seasonal temperatures,
sun exposure, moisture content, humidity rangescethe quality of produce irrigation systems,
and nutrient content within available soil. The piittn of the most suitable practices of

agricultural management is essential in order tprawe produce safety. Thus, the purpose of
this concurrent prospective study was to assessigheof microbial quality related to soil and

water in small-scale farms located throughdlgrth Carolina in summer and fall. The



information obtained will provide further dafar potential risk factors in fresh produce

contamination.

Number of persons

linesses that began during this
time may not yet be reported

W Salipeana i Typltiimas iurm
B Salrmnally Newgor

il o Tils i e Hh A2 B/

2012
Date of lliness Onset

Figure 1.2 Total population (n=261) for whom information waported as of October 4, 2012.
Persons infected with the outbreak strai®afmonella Typhimurium andSalmonella

Newport linked to Cantaloupe in U.S, by date afas onset.

Source: CDC 2012



Table 1

Pathogens contributing significantly to foodborneillnesses and hospitalization within the U.S. *

Pathooen Estimated number 90% Credible %
9 of hospitalizations Interval

Salmonella, 19,336 8,545-37,490 35
nontyphoidal
Norovirus 14,663 8,097-23,323 26
Campvlobacter . 8,463 4,300-15,227 15
Toxoplasma gondii 4,428 3,060-7,146 8
E.coli (STEC) o ,
0157 2,13t L4401 4

1 pathogens not exclusive to fresh produce contaiimat

Source: CDC 2013



CHAPTER 2

Literature Review

2.1. Common Foodbor ne Pathogens

Though great strides are being taken to preverd tmmtamination, it is evident that not
enough is being done to determine the source afbiome diseases. There are thirty one known
pathogenic agents transmitted through food withenWnited States. Foodborne diseases account
for an estimated 48 million illnesses, 128,000 ftaipations, and 3000 deaths each year in the
United States (Wendy Marcason, 2011). Fresh Procdklated foodborne illnesses contributed to
131 outbreaks, over 14,000 illnesses and 34 ddegtvgeen 1996 and 2010 (FDA, 2013).
Common pathogens contributing to the acquiremerbd@dborne illnesses ar&:coli 0157:H7,
mainly entero- hemorrhagic related pathogen inUhé@ed States, spread predominantly from
human fecal carriage to person-to-person con&bmonella spp., a facultative anaerobic gram-
negative rod shaped bacteria that can cause dlicmaditions of enteric fever, and non-
typhoidal systemic infections; antisteria monocytogenes, a unique, facultative anaerobe
foodborne pathogen that enters the human host pelliferates, and directly transmits to
neighboring cells. Additional virulent foodbornetipagens includeClostridium botulinum, a
gram positive, obligate anaerobic pathogen thatiyges botulinum toxin causing botulism;
Campylobacter, a genus type under ti@amplybacter-aceae family, are S-shaped gram negative

bacterium frequently associated with diarrheak#is.



2.2. Escherichia coli O157:H7

Escherichia coli is typically a harmless predominant facultative eanhe of the
mammalian colonic flora. This microorganism gerlgrablonizes the gastro-intestinal tract of
infants usually remains confined to the intestiluahen. HowevelE. coli strains still have the
ability to cause infections and are considered blipthealth concernE.coli is considered a
species under the genusscherichia within in the Enterobacteriaceae family. Specific
combinations of somatic (O) and flagellar (H) aetig serotypeE.coli. These serotypes are
identification markers that strongly correlate wiihulence characteristics &. coli strains. The
process of infection associat&d coli is believed to involve colonization of a mucosak si
evasion of host defenses, replication, and hodtdaghage. AllE.coli strains have fimbriae

attachments that are suggested to enhance attacanteoolonization of hosting site.

A recently published study evaluatéd coli (STEC) O157:H7 adherence to spinach
leaves with the aid of curli fimbriae and cellulo@dacarisin, Patel, Bauchan, & Vijay, 2012).
Both components are characteristicsEotoli extracellular structure and enhance microbial
attachments to animal cells and intestinal mucssdhces. The cellulose component consists of
polysaccharide embedded within the membraneE.gbli. In addition, curli combined with
cellulose have demonstrated the ability to contdbwell-to-cell aggregation, increasing
pathogenic resistance (Macarisin, Patel, BauchanVijay, 2012). Within the comparative
study, researchers’ utilized Shiga toxin-produckgoli O157:H7 wild type strains and their
isogenic mutant deficient counterparts. Mutittoli strains lacked either the curli fimbriae or

cellulose components or both within the study. &ginleaves were inoculated with 1000f
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either the mutant or non-mutant bacterial straios & 7 log colony forming unit (CFU)
(Macarisin, Patel, Bauchan, & Vijay, 2012). Un-intated spinach leaves were also used as a
control group. Samples were incubated & @Zor 0, 24, 48 hours and observed for adherence
strength (Macarisin, Patel, Bauchan, & Vijay, 2012) statistical analysis using randomized
complete block design per treatment was conductethalyze data. Treatments were conducted
three times for accuracy and analyzed by a two-avelysis of variance (ANOVA) to determine
the effect of bacterial strain and sampling periBésults indicated that attached curli-deficient
mutant strains were significantly lower than certipressing bacterial strains. The study further
confirmed that curli fimbria is essential for stgoattachment to spinach leaves thus increasing

the pathogens resistance ability (Macarisin, P8@lichan, & Vijay, 2012).

Large outbreaks involvinge.coli O157:H7 have occurred within multiple developed
countries including the United States. Theoli serotype O157:H7 is the main cause of enter
hemorrhagic illnesses and accounts for 75,000 casey year in the U.S (Ashley D. Duffitt,
2011). Approximately 54% dE.coli O157:H7 illnesses in the United States were astatiaith
contaminated produce (Duffit, 2011). Contaminatedaf matter among soil and water within
contact of food products are always the sourc&.afoli O157:H7 illnessesEscherichia coli
0157:H7 are unusually tolerant to a broad rangeemfironmental conditions as well as
demonstrate long-term survival in manure. This Igirgyganism may exist in short chains or in

pairs with one or more flagella.

Associated infection characteristic includes hefmagic colitis (bloody diarrhea), non-
bloody diarrhea, and kidney disease, such as heittoisemic syndrome (HUS). HUS causes
kidney damage and may progress to organ failure ceath. Infected individuals may also

exhibit no signs or symptoms referred tongspmatic infection (Thomas J. Montville,
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Enterohemorrhagi&scherichia coli, 2005). The shiga-like verotoxin can spread thhaudg the
body by attaching exteriorly to neutrophils leadiogextensive host cell and tissue death. An
infectious dose oE.coli O157:H7 can be as few as 10 cells. Fecal shedditigeopathogenic
strain can last for more than three weeks. Suddepiopulations, such as children and elderly,
have a higher risk of infection fro.coli O157:H7 due to their low dose threshold. Infectious

outbreaks of the pathogen are highest during wase&sons of the year.

There is no defined information concerning the saivor growth rate ot.coli O157:H7
within soil and water contents, but research inéEdéhat some strains Bf coli have the ability
to produce colicin, an antibacterial protein thimmates competing microbial strains (Ashley
D. Duffitt, 2011). Research indicates that surfapelication ofE. coli O157:H7 on greenhouse
lettuces are traceable for up to 20 days (Moyna).e2011) Common route of introduction for
E.coli O157:H7 onto agricultural crops includes contangdatater irrigation systems and soil.
In such cases, nearby manure and soil amendmetetstiplly contaminate water runoff used in

food crop irrigations.

Researchers have found that the survival raté.@ili O157:H7 among agricultural soil
is determined by soil types (Thomas J. Montvilletdtohemorrhagi&scherichia coli, 2005).
The difference in nutrient availability among varsosoil types, indicate a correlation with
pathogenic persistence (Asbar, Gerba, & Enriqué11p Among farming sites, cattle infected
with E.coli O157:H7 can transfer viable pathogenic cells tar tteees which can further cross-
contaminate nearby irrigation water sources. Safviate ofE.coli O157:H7 may span from
weeks to months among water and manure amendedssoices (Thomas J. Montville,
Enterohemorrhagidscherichia coli, 2005). Variations in soil types also raise conseas a

source ofSalmonella spp. outbreak related to fresh produce.
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2.3. Salmonella spp.

National outbreaks oBalmonella spp. are increasingly associated with fresh fraitd
vegetables consumption. From 2002-2003, a repoBkdsalmonella spp. were linked to
contaminated produce. According to FoodNet 2@Hmonella spp. is the most common
infection, attributing for 1.2 million U.S illnesseannually.Salmonella infections have actually
increased since 2006-2008 (Figure 2.1) and alnhosettimes the 2010 national health objective

target (CDC, 2011b).

= CAMPYLOBEACTER &~ =rames STEC D157 — e LISTERIA = = SALMONELLA VIBRIOD
4.00
2.00
e e
.00 YN "o
= TS g S T T — e e ST T
&g "’. T
T SR ke S e e i
", Tl o
B P e P
.5

Source: CDC 2011

Figure 2.1. Reported rates, by year, of laboratory-confirmddations withCampylobacter,

E.coli O157:H7 Listeria, Salmonella, andVibrio, compared with 1996-1998 rates.

Salmonella spp. is an aerobic organism that has the abilityn&tabolize nutrients
through respiratory and fermentative routes. Tdteghaped gram-negative bacteria belong to
the Enterobacteriaceae family. There are six subspecies and an estimas®d 2erovars for

Salmonella enterica. The analysis of somatic (O) and flagellar (H)igens are used to
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distinguish bacteria into a specific serovars. gtmvth of Salmonella spp. is most favorable at
37 C, producing acid and gas by catabolizing carbaitgdr such as D-glucose. However
Salmonella spp. is able to survive and grow in temperaturggeanof 7-48 C (Schneider &
Fatica, 2011).Salmonella spp can survive within a pH range from 4.05 to @ optimum pH

of 6.5-7.5 (Schneider & Fatica, 2011).

A study investigating the interactions &flmonella enterica with lettuce leaves found
that various time and temperature exposures caifis@ntly impact Salmonella growth.
Researchers visualized Salmonella on lettuce le@yesnarking Salmonella Typhimurium
SL1344 with cyan fluorescent protein (CFP). Thege fluorescent pathogens were then
visualized under a confocal microscope followeda3D analysis (Kroupitski, Pinto, Brandi, &
Sela, 2009). Study found that cut regions of ror@dettuce had a higher attachment level of
Salmonella after 2 hours &t 6 versus 18 hours at €. Intact lettuce pieces contaminated with

Salmonella for 9 days at £ only show a minimal population change (Kroupit$knto, Brandi,

& Sela, 2009).

In addition,Salmonella attached to lettuce leaves shown an increase taleréor acidic
conditions during storage. SonSalmonella strains can proliferate at extreme conditions by
adapting to the surrounding environment. The abdit Salmonella spp. to survive extensive
periods in foods held at freezing or room tempeeaia a serious safety concern in the food
processing industry. Clinical conditions f@lmonella infections are dependent upon the
serotype. Humarsalmonella infections are predominately associated va#hmonella enterica
serovars Typhimurium, and Enteritidis. Seriousditons associated with the typhoid strain
include enteric fever, a human disease with anbatan period between 7 to 28 days.

Symptoms normally associated with enteric feveluithe diarrhea, persistent fever, headaches,
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fatigue, and abdominal cramping. Like typh&monella strain, non-typhoidal strains typically
involve diarrhea, and abdominal pain. However, tyghoidalSalmonella exhibit symptoms 8
to 72 hours after consumption of contaminated f@addntville & Matthews, 2008). One of the
most common causes of foodborne diseases amongdameisSalmonella enterica. In 2011,

it was estimated that 19,336 people were hospa@lirom acquiring non-typhoid&lmonela.

It was estimated that 378 deaths were associat&dSalimonella non-typhoidal strain in 2011,
accounting for 28% known foodborne illnesses teseadeath (CDC, 2011g). Over the last 15
years,Salmonella infections have not only been ongoing but have r@sged between 2006 and

2008 (CDC, 2012).

Susceptibility tcSalmonella iliness is higher among infants, elderly, and indlixals who
are immune-deficient. Incidence reports indicdted 1,409 individuals aging 60 or older along
with 2,217 children under 5 were infected wa&imonellain 2010 (CDC, 2011h). The typical
infectious dose oBalmonella spp. may range from $@ 1G CFU; however, infectious dosages
less than 1DCFU can infect some human individuals within theyation (Schneider & Fatica,
2011). Human foodborne salmonelloses have beewiat=sh with various produce across the

United States.

OnceSlmonella has reached agricultural crops, risk of contamamais mainly
dependent on the pathogens survival in soil, aenl gathway into fresh produce irrigation
systems. Close range infected cattle and wilddlifepossible carriers &lmonella spp. and
may contribute to crop contamination. The persigesf Salmonella spp. among animals is
dependent of species type, health, herd populadiuh their residing environment (Bech &

Carsten, 2012).
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Various factors are associated wigalmonella spp. survival within soil including
temperature, moisture content, soil type, UV expgsand the initial organisms present. Studies
suggest thaSalmonella spp. has the ability to persist up to 332 days iwitamended soill
(Jacobsena & Bech, 201 8. Typhimurium compared t&. coli O157:H7 has a higher resistance

to environmental stressors (Bech & Carsten, 2012).

Wastewater used to treat agricultural land canaoranimal waste which frequently
carries pathogenic bacteria such Ssmonella spp., Escherichia coli, and Campylobacter
species. According to the Environmental ProtecAgency (EPA) sewage sludge must meet the
criteria under the 40 CFR Part 503 sewage sludgedatds before being applied. Under this
standard sewage sludge must meet specific alteesator either Class A or Class B pathogen
reduction levels. The EPA stat€almonella spp. bacterial load must be under 3 most probable
numbers (MPN) per 4 grams in treated sludge befeeein agricultural spreads. However
research has shown incre&@émonella spp. populations by #CFU/ g in Class A sludge stored
under anaerobic conditions (Bech & Carsten, 201€Jass B bio solids stored in anaerobic
conditions prior to crop application showed a regtoup to 16 CFU/g (Bech & Carsten, 2012).
Primary port of entry oSalmonella spp. to fresh produce is via seeds planted in neabased
soil (Bech & Carsten, 2012). Cattle or livestocke in sandy soil have proven to significantly
increase S. Typhimurium survival rate (Bech & Gamst2012). Microbial population in soil can
also influence the survival @almonella spp once introduced within soil. High populatioris o
microbial competition can decreaSeenterica survival. S enterica has shown to be able to
colonize tomato plants from both contaminated atign systems and soil amendments, but the

highest microbial load of the pathogen was foundrigation water (Bech & Carsten, 2012).
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2.4. Listeria monocytogenes

2.4.1. Characteristics of L. monocytogenes. Listeria monocytogenes, a genus of
Listeria, is primarily a human pathogen that causes ls$esi Characteristically, gram-positive
bacterium is uniformly covered across the bodyaxefin flagella for motility and consists of
thirteen serotypes which opportunistically take aattage of immune-compromised individuals.
Serotypes 1/2a, 1/2b/ and 4b are commonly isolatedlinical cultures with 1/2a serotype
having the highest prevalence in food (McLaughliasey, Cotter, & Gahan, 2011). In addition,

this bacterium has the distinctive ability to cabsenolysis of red blood cells.

2.4.2 Pathogenes of L. monocytogenes. Outbreaks and symptoms. L. monocytogenes
is a prevalent species dfisteria in foodborne outbreaks. Symptoms associated ith
monocytogenes infection include; meningitis, encephalitis, seetica, low -fever, liver abscess,
and miscarriage among pregnant women (E. Galdi€&®7). Current estimates indicate that out
of 1600 listeriosis cases, 260 lead to death eaah (CDC, 2011i). Among the population in the
US, pregnant mothers, infants, elderly, and perseitis immune deficiencies have a higher
possibility of falling ill to listeriosis. Conduatiesurveillances demonstrated that pregnant women
are nearly thirteen times more at risk of infecttban the overall population. Individuals with
AIDS have roughly 300 times more of a chance tabezrinfected by listeriosis than those with
normal immune function (CDC, 2012). Similar Eocoli O157:H7 andSalmonella spp., L.

monocytogenes has the potential to grow in favorable environmecdaditions among soil.

2.4.3. Sources of L. monocytogenes . The sources ofL.. monocytogenes can be found
in soil, water, fresh produce and the digestiveéesgsof mammals including humans. Infectious

dosages are typically greater than 100 CFU/gnonocytogenes may enter the food-processing
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system through several outlets, one including comated raw produce. Low temperatures and
moisture within soil provide favorable conditionsr .. monoctyogenes to thrive within fresh

produce farm settings.

2.4.4. Impact of Environmental Factorson L. Monocytogenes. L. monocytogenes is
able to sufficiently grow at temperatures of 0 58Gand acidic pH values of 4.4 (Montville &
Matthews, 2008). Average salt concentrations o¥%6c¢an induce elevated growth rated of
monocytogenes. When the salt concentration is increased, thibgagen’s survival rate can be

extended to longer periods, however the bacterianmat endure heat processing.

Researchers found that this bacterium has a greagmcity to survive within soil
condition of 8C as opposed to temperature ranges ofZBC (McLaughlin & Casey, 2011).
However further research has indicateanonocytogenes can sustain survival in wounded apple
tissue at a temperature range of 10° and 20 ° §&udy conducted by Conway and colleagues
with U.S Department of Agriculture, Beltsville, Mdand investigated the treatment of lytic
bacteriophages and a bacteriocin on fresh-cut mpedeontaminated withListeria
monocytogenes. Within the study fresh cut apples and honey deslons were inoculated with
24 ul of L. monocytogenes followed by phage and nisin treatments to the alisju To determine
the influence of bacterial concentration on theicaffy of phage treatment, researchers
inoculated freshly cut honey dew melon square9aaad 16 CFU/mI before applying phage
treatment. Samples were placed ifi C0storage and quantified on th& 2" 5" and ' day.
The log CFU results for tested samples were condpareontrol inoculated samples without
treatment. L. monocytogenes population continued to increase on produce decdyeds.
cingulata, a common fungal culture among produce (NastowaRés, P., Kontominas, &

Likotrafiti, 2012). Thougt.. monocytogenesis often found in cold, moist environments such as
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refrigerators, Conway et. al concludes that therabi@al population of this species can be
minimized if produce is kept at a recommendeq 4efrigerated temperature. A recent article in
International Journal of Food Microbiology suppdtis conclusion and further investigates the
efficacy of household methods to redlicemonocytogenes in fresh produce (Nastou, Rhoades,

P., Kontominas, & Likotrafiti, 2012).

Several studies have researched the growth andvauof L. monocytogenes on both
refrigerated and ambient temperature conditions2005, Fless and colleagues studied the
survival of L. monocytogenes on fresh and frozen strawberries (Fless & Harr¥)5). Within
this study cut and whole strawberries were inoedlatvith a prepared nalidixic acid resistant
monocytogenes cocktail that consisted of five pathogenic straivg, LCDC 81-861, Scott A,
101 M, and 108 M (Fless & Harris, 2005). Fifteeitnoliters of theL. monocytogenes cocktail
were inoculated on the surface of sliced side cdvdterries (Fless & Harris, 2005). After
inoculation strawberries were air dried under ddgal hood for one hour with a fan at°23.
Strawberries were then stored at eitfe€4or up to 7 days or 24C for a period 48 hours (Fless
& Harris, 2005). An additional bag of inoculatedt cstrawberries were stored at freezing
temperatures of -20C with and without sucrose, to model typical consurand retail freezer
conditions (Fless & Harris, 2005). Observed restdt inoculated whole strawberries stored at
24° C for 48 hours showed a significant decline ofla@ CFU in pathogenic growth. However,
inoculated cut strawberries under the same comditehowed no significant reduction in
monocytogenes populations (Fless & Harris, 2005). Whole and stuhwberries placed inf?4C
temperatures were stored for up 7 days. A totadl3QFU reduction was observed for whole

strawberries after 7 days of storage (Fless & HaR005). Cut strawberries evaluated under the
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same conditions showed less than 1 log decline monocytogenes population (Fless & Harris,

2005). The survival rate &f. monocytogenesin cut strawberries, without sucrose and stored at

— 2CC, decline by 1 log within the first 24 hours. &ft28 days in storage 1.2 total log CFU
was observed among inoculated strawberries witlsogtose. In contrast, strawberries with
added sucrose maintained a steady microbial papalafter 28 day in — 20C storage (Fless &

Harris, 2005). The study concluded that storaggtature, time and the acidity of produce are

influential in the survival of Lmonocytogenes (Fless & Harris, 2005).

In a similar study, researchers evaluated varitrains ofL. monocytogenes andListeria
innocua within soil particles in order to determine factth&it can affect the survival of these
pathogens (McLaughlin, Casey, Cotter, & Gahan, 20Three strains of. monocytogenes,
EGDe, CD83, and CD1038 and three straink.ahnocua, CLIP, FH2117, and FH2157, were
inoculated into a gram of soil and incubated ategit8,25, or 3C in order to observe the
influence of temperature. Growth rates for eagcha were counted using direct enumeration
of colony forming (CFU). Results of the study diot indicate any specific survival differences
betweenL. monocytogenes and L. innocua. However the survival rate @f. monocytogenes
CD83 remained significantly higher than all othested strains at various time periods of
monitoring.L. monocytogenes CD83 exhibited the highest survival rate at €5 In comparison
to 25 C incubation temperatures,°30 resulted in rapid cell decline among all kisteria spp.
evaluated (McLaughlin, Casey, Cotter, & Gahan, 201The study further investigated the
effect water loss has on the contaminated soil &ngach strain df. monocytogenes andL.
innocua of were independently inoculated into 1 gram ofl smid kept in either sealed or

unsealed tubes for a period of 2 weeks. Resudisated that unsealed tubes with soil samples
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were affected by subsequent moisture loss aftezekwf exposure (McLaughlin, Casey, Cotter,
& Gahan, 2011). During the study, researchers @éfermined a correlation between survival
rates and motility among Listeria strains. An gsi@ determined that both pathogenic strains
monocytogenes CD83 andL. innocua FH2152 had the highest rate of motility and micabbi
count among all six strains observed (McLaughlins€y, Cotter, & Gahan, 2011). To confirm
these findings, Mclauglin compared the survival bf monocytogenes CD83 and L.
monocytogenes EGDe to non-motile mutant strainslafmonocytogenes within soil. The mutant
non-motile pathogenic strains proved to declinep@rsistence within soil at a quicker rate
compared to motile strains CD83 and EGDe. Ovetladl, study emphasizes the importance of
understanding the factors that influence the saivhisteria in order to comprehend this
pathogens route from the environment into the fclmain (McLaughlin, Casey, Cotter, & Gahan,

2011).

Several researchers have studied the correlatioweba the behavior ofL.
monocytogenes and environmental factors. In 2005, Internatiomalrdal of Food Microbiology
published a study that evaluated the growth rate ofonocytogenes on fresh cut iceberg lettuce
under various temperature ranges (Koseki & Isob85® Within this study each 100 g lettuce
sample separated into plastic bags and inoculaitddavsix strairl.. monocytogenes cocktail that
had a 3-4 log CFU concentration. The kixmonocytogenes strain used included: ATCC 1911,
ATCC19117, ATCC19118, ATCC 13932, ATCC15313, andC&B5152. Samples were then
stored at either 5,10,15,20 or°25 and observed at specific intervals during incabatKoseki
& Isobe, 2005). The observations indicate a shdaig time forL. monocytogenes incubated at
25° C. In contrast, incubation temperatures 6fG exhibited a longer lag time in pathogenic

growth in comparison with the four other temperatconditions observed. The results of the
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study suggest fluctuating temperatures have arudnflal impact on the survival of.

monocytogenes on produce (Koseki & Isobe, 2005).

2.4.5 Paths of L. monocytogenes contamination. The facultative anaerobe is able to
resist antibiotic contact and grow by entering hoslls, proliferating and transferring to
neighboring cells causing diseases. Some straibhsmonocytogenes are resistant to antibiotics
including; tetracycline, gentamicin, penicillin, pmillin, streptomycin, erythromycin,
kanamycin, sulfonamide, trimethoprim, and rifampic{Zhang, et al., 2007). Only.

monocytogenes andL. inanovii are virulent among thieisteria genus (Zhang, et al., 2007).

Both the Food Safety and Inspection Service (FS&8§ the Food and Drug
Administration (FDA) have issued “zero tolerancet £. monocytogenes on all ready-to-eat
foods including produce. Foods found to contairs {@thogenic organism are withheld from

distribution or recalled.

2.5. Susceptibility of Fresh Produce

The increasing association of fresh produce witbdftoorne outbreaks has lead to
further research surrounding the correlation amitem. Leafy green vegetables are excellent
sources of vitamins and phytonutrients that mayvipge beneficial anticancer and aging
properties (Luo, et al., 2011)he Dietary Guidelines for American 2010 encourages vegetable
consumption for optimal vitamin and mineral intak&urrent recommendations suggest a diet
consistent of at least 2.5 cups of vegetables pgr(dnited States Department of Agriculture,

2012).

2.5.1 Produce Contamination. The trend in the consumption of fresh cut, uncooked

produce has highlighted the importance of foodtgaferesh produce has an increased risk of
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exposure to human pathogens for more than a deeb®E@CP (Hazard Analysis and Critical
Control Points) based procedures along hygienictioes are important requirements among the
application produce industry (Lehto, Risto, Maaltgmalainen, & Maki, 2011). Fresh-cut fruits
and vegetables are exposed to rapid deterioratimh @an sustain large proliferation of
microorganism, before and after the processingohitgjof processed foods undergo irradiation,
which is used to kill microbes and sterilize prodbefore consumption. However fresh produce,
often eaten raw, does not undergo irradiation duprocessing, thus its main form of microbial
containment is temperature control. Several, Betateps must be considered during processing
in order to maintain the safety and quality of proe} including abiding to good manufacturing

practices and sanitation procedures (Zagory, 1999).

Operations such as cutting, slicing, chopping, muixing are important processing steps
for ready to eat fresh produce products. Theseegies can result in an increase in microbial
growth on fresh produce through the transfer ofragganisms from the equipment to the
product (Montville & Matthews, 2008). During proseyy, conditions including low humidity,
low oxygen, and high levels of carbon dioxide witlpiackaging can influence microbial growth
on produce (Zagory, 1999). Pathogenic adaptatmhcalonization are influenced not only by
good manufacturing practices but also the genotgfferences among fresh produce. The root,
stem, and surface fissures are known port of enfde pathogenic contamination among fresh
produce. Research has suggested the type of prajoeen may determine the prevalence of

pathogen.

In a recent studySalmonella spp. contamination among radish, turnip, and dmogs
significantly higher than lettuce or tomatoes grawicontaminated soil (Critzer & Doyle, 2010).

Research suggests ttgat monella spp have reduced attachment to the phyllospherestatket
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and tomatoes causing lower occurrences in contaimmdCritzer & Doyle, 2010). Strong
biofilming producing strains are proposed to havéigher ability to attach to fruits and
vegetables compared to weak biofilm producers. édadhave proven to be a mechanism for

pathogenic attachment among fresh produce.

Research using romaine lettuce has shownEhatli has a stronger preference for the
interior of the leaves during early developmentoppose to those that have matured (Greb,
2008). The findings are believed to be a resulthef younger plants higher exuded level of
nitrogen and carbon. Food borne pathogens canhese tompounds as nutrients to enhance
growth and proliferation. Microbial contaminatioarcbe introduced at several sources among
the environment. Contaminated water irrigation, riog@r composting of soil, insects, and short
periods of field replanting, and plant injury arense of the possible causes for crop
contamination (Greb, 2008). Lettuces injured or dged during harvesting supported growth of
E. coli O157:H7 as well as generle. coli. (Seymour & Appleton, 2001). Fresh fruits and
vegetables that had soft rot also aidedSaimonella and E. coli O157:H7 contamination.
Salmonella contamination occurred twice as much in fresh pcedthat had rot-producing

organism compared to healthy produce (Critzer &1B08010).

2.5.2 Produce Disinfectant Methods. Surface disinfectants are commonly used to Kkill
these enteric pathogens among the surface of fpestiuce before consumption. However
pathogenic microbes are able to thrive internalithiw plants through natural openings such as
the stomata or damaged areas of the plant’s pipylere or rhizosphere (Critzer & Doyle, 2010).
Phyllosphere encompass the plant surface embolgseaf surface anchored below the soil

(U.S Food and Drug Administration, 200€)coli 0157:H7 have the ability to survive within
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the stomata, surface of the trichome, and crewédsttuce even after treatment with 200 ppm

chlorine (Critzer & Doyle, 2010).

Although E. coli O157:H7 has a low infectious dose, the severitjllioéss intensifies
with amount consumed (Luo & McEvoy, 2010). Storégraperatures are an important factor in
affecting the quality in produce and microbial gtbwStudies indicate that microbial growth
among fresh tomatoes and melons are strongly asedavith elevated storage temperatures. In
order to prevent temperature abuse during proagé®sh cut tomatoes and melons are required
by the FDA to be maintained in a refrigerated emwinent of 5 ° C or less (Luo & McEvoy,
2010). Storage temperature of 1° to 3° C is recomsie@ to maintain quality and reduce
pathogenic risk (Luo & McEvoy, 2010). Lettuce intated withE. coli O157:H7 show
significant population increase when stored &t 2vhereas no significant growth is detected on
lettuce at storage temperatures ©C5Luo & McEvoy, 2010). The rate of physiological
deterioration and microbial growth generally desesim low temperature environments.
However, research indicates that lettuce inoculatéitl E. coli O157:H7 maintained high visual
guality for the first 3 days of storage indicatiigt pathogenic growth can occur while package

still appears acceptable for consumption.

Food and Drug Administration confirmed that fron®6%o 2008, eighty two foodborne
illness outbreaks were associated with the fresduymre consumption (2009). Thirty four percent
of these outbreaks were linked to leafy green predihat accounted for 949 illnesses and 5
deaths (U.S Food and Drug Administration, 2009)e Toodborne pathogens predominately
associated with these produce related outbreaks Egeherichia coli O157:H7 andsalmonella
spp. . United States health officials have propdbkat foodborne illnesses associated with fresh

produce are largely due to animal origin pathogehS Food and Drug Administration, 2009).
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Contamination of produce can occur during harvgstipostharvest handling, processing,
shipping or marketing. During pre-harvesting phdseteria monocytogenes is a prevalent

pathogen within soil (Beuchat, 2006) . Common fegtthat link animal based pathogenic
microbes to fresh produce contamination are typilafje, crop variation, and improper use of
manure (via treatment, storage, and processingadeilirDA, 2009). In addition, contaminated
wash water in the processing facility, irrigatiorater contaminated with runoff from areas
grazed by animals, and drip or splash from contatenh floors, drains, overhead pipes or
cooling system are major challenges that contribat&resh produce contamination (Zagory,

1999).

2.5.3. Good Agricultural Practices (GAP). Good Agricultural Practice systems (GAP)
have been recommended to reduce fresh producentoiatizon during harvesting, cultivation,
packaging, and storage. The U.S National Advisooy@ittee on Microbiology Criteria for
Foods recommends establishing GAP guidelines fitwaton in fresh produce pathogen. These
guidelines are prerequisites for the Hazard Ansalgsid Critical Control Point (HACCP) plan on
farm levels (Yoon, et al.,, 2010). Under the GAPteys produce growers are advised on
appropriate treatments to reduce pathogenic lewagiplication of manure, and animal feces.
Treatments to reduce pathogen levels involve aetanf methods. Growers may use organic

farm materials or supplies for passive or actieatiments.

A passive treatment is dependent upon environmdatabrs, such as temperature,
moisture, and ultraviolent irradiation in conjumcti with time to minimize microbial hazards
(FDA, 1998). Manure is fully aged and decomposeireeapplying to fields with the passive
treatment method (FDA, 1998). The aging period f@nure is dependent upon regional and

seasonal climatic conditions and source of manActive treatment methods include
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pasteurization, heat drying, anaerobic digestidkaliastabilization, and aerobic digestion in
combination or independently (FDA, 1998). Activeatment known as composting is generally
used against microbial hazards in raw manure (FId98). Composting a controlled process by
which organic substances are aerobically or anamibp digested. The high temperatures
produced by this method are capable of eliminatnogt pathogens in a few days. Growers can
ensure adequate treatment by turning outside edgeshe center of compost piles to prevent
pockets that do not receive treatment and riskorgamminating the entire batch. Growers
purchasing treated manure are advised to obtaicifEgion sheet for each shipment from the
supplier. Specification sheets should contain mftion about the method of treatment for the
manure purchased. Expert assistance for handlingireanay be available through agricultural

colleges or cooperative extension services.

In conjunction with methods of manure treatmenprapriate handling and applications
may promote further decrease in microbial contationaof fresh produce. Growers are advised
to review existing practices to identify potentt@ntamination sources. Treatment and manure
site should be located as practically far as pés$ibm produce handling areas to prevent risk of
microbial hazard (FDA, 1998). The necessary diggtdaaetermined by the farm layout, slope
of land, runoff controls, rainfall amount, wind Wothe quantity, and containment of manure.
Physical barriers are recommended for manure staaag treatments sites where runoff or wind
spread may pose a concern (FDA, 1998). Coveringuneapiles under a roof or a form of
covering prevents contact with rainfall resulting possible microbial contaminated leachate

(FDA, 1998).

Farming equipment can also be potential pathogearard if in contact with untreated

or partially untreated manure and used in prodigds. Equipment should be cleaned with high
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pressure water or steam sprays prior to fresh pedwntact (FDA, 1998). Raw untreated
manure applied to produce fields holds a highds fles contamination than treated manure, and
should be incorporated into soil before plantinghis process may reduce pathogens through
competition with soil microorganisms (FDA, 1998)Health officials do not recommend
untreated manure application to produce fieldsrduthe growing season prior to harvest (FDA,
1998). Researchers have indicated that hazardaurslyes may survive in untreated manure for
a year on longer depending on the environmentatlitons (FDA, 1998). Thus growers are
advised to prolong manure application to produ@asito the greatest extent possible (FDA,
1998). These recommendations are also given tdetteananure might not kill pathogenic
microbes. Fresh produce farmers may need to @enanimal waste from adjacent fields, waste
storage facilities, and wildlife, especially is guze is grown in a low lying field. Precautions
can include physical barriers such as ditches, m®usod waterways, and vegetative buffer
areas (FDA, 1998). In general, food safety offgciancourage growers to follow these GAP

guidelines to minimize direct and indirect manuoatact with produce.

25.4. Industry Sanitizers. Sanitizers used to wash or assist in antimicradm#vity are
regulated by the U.S Food and Drug Administratipaé¢cordance to the Federal Food, Drug and
Cosmetic Act. Sanitizers have proven effectiveaducing pathogenic populations; however
sensory quality is most likely to be compromisedirmy the process. Effective chemical
sanitizing agents have the ability to kill microargsm within a specific time. The most
common sanitizers used during fresh produce prowesse chlorine, chlorine dioxide, organic

acids, and surfactants.

Within the U.S, chlorine is the most widely usedigaing compound in the fresh

produce industry because it is inexpensive, previdpid antimicrobial results, and easy to
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apply. Within the fresh produce industry chlorirreemical agents are generally used in washed
and sprays. Research indicates hypochlorous aaiabg effective form of chlorine currently
(Luo, et al.,, 2011). Within recent years researchiavestigated the efficacy of sodium
hypochlorite and peroxyacetic acid sanitizers tuoceListeria monocytogenes andEscherichia

coli O157:H7 on shredded iceberg lettuce and residush weter (Baert, et al., 2009). Freshly
cut iceberg lettuces were inoculated with 3 strahk. monocytogenes and 3 strains oE.coli
O157:H7 at two different concentration levels. Tiret experimental group inoculated cut
lettuce at 7 logs CFU/mI of each strain. The sdaexperimental group inoculated cut lettuce at
a lower level of 3 log CFU/ml. Both experimentabgps were treated with either NaOCI and
PAA solutions or tap water. NaOCI concentrationele at 20 and 200 mg/ liter and PAA
solution of 80 and 250 mg/ liter were used in ekpental set. Tap water or treatment solutions
at 500 ml were poured into a container containifig ¢ of inoculated cut lettuce. After
approximately 5 minutes of contact with treatmentap water on a shaken platform, inoculated
lettuce were spin dried for 1 minute. Ten gramshef inoculated lettuce were transferred for

bacterial analysis.

For the first experimental group, effects of waghwvith tap water versus NaOCI
indicated no significant difference in bacteriaduetion. Researchers suggest the higher
bacterial load in experimental group 1 decreased dfficacy of NaOCIl. For the second
experimental group, a 200 mg/ liter of NaOCI re=dilin a 0.61 and 0.67 mean log CFU/g
reduction forl.. monocytogenes andE.coli O157:H7. No significant decline was seen for 20 mg
liter for NaOCI treatment compared with tap wateshing (Liming, Zhang, Meng, & Bhagwat,
2011) . However, peroxyacetic acid had shown ngomafluence by the higher microbial

concentration in the first experimental study. Each experimental group microbial load
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reductions were evident at 80 mg/ liter and morens@50 mg/ liter of PAA compared to tap

water.

The study extended the research into wash watditygjaad determined that 2 to 4 log
CFU of bacterial pathogens per ml were detectethinwash water. Wash water containing
NaOCI or PAA , regardless of concentration, showedresidual pathogens and viruses upon
analysis (Luo, et al., 2011). The study concluded NaOCI or PAA are necessary sanitizers in
the fresh produce industry to maintain recycledhmasiter microbiological quality. However
microbial load among produce can decontaminatioitityalof these sanitizers. Chlorine’s
antimicrobial ability is dependent on its avail#liln water to have contact with microbes.
Chlorine concentrations of up to 50 ppm resulta significant reduction in microorganisms and
fecal coliforms on leafy green salads, but incrdasencentrations of up to 200 ppm did not
indicate considerable effects (Beuchat, 2006). rden to minimize corrosion to processing
equipment, chlorine based sanitizers are typicafiglied at pH values of 6.0 and 7.5, yet the
compound is proven most effective in acidic solidD., Martin-Diana, J., & Barry-Ryan,
2007). In a recent stud¥. coli O157:H7 inoculated into to fresh cut romaine letdtuwere

effectively inactivated after 30 second exposurehiorine concentration solution of 0.5mg/liter.

Unlike chlorine-based disinfectants, chlorine ditexis not weakened by changes in pH.
However, chlorine dioxide compounds are unstabl® @an be explosive when with increase
concentration (Seymour & Appleton, 2001). Thoubloone dioxide has an oxidizing capacity
up to 5 time stronger than chlorine there is naciabn of a difference in efficiency between the
chemical agents (Seymour & Appleton, 2001). Orgatitls such as acetic, citric, succinic,
malic, tartaric, benzoic, propanoic and sorbic seite effective agents against microbial growth

among produce. However pathogens that effect theagatestinal tract can survive low pH
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conditions, thus acid stable (Seymour & AppletodQP). Hydrogen peroxide is an applicable
sanitizing agent against biofilms and equipmenfasas. Ozone, glutaraldehyde, and quaternary
ammonium are additional sanitizing agents with raittiobial ability. Though these chemical
sanitizers can be effective in reducing microbia&d they must be used properly (Montville &
Matthews, 2008). Organic material such soil, fobdcteria, oils on equipment surfaces can
react with sanitizers decreasing the chemical &y&ftectiveness. Water impurities such as
iron, manganese, nitrites, and sulfides can reaith wanitizing agents and reduce its
effectiveness (Montville & Matthews, 2008). Produgsanitizers lack access within crevices,
creases, and plant openings furthermore reduciegeffectiveness of eliminating residing

pathogens.

2.5.5. Produce Traceability. Timely traceability in the recall of a fresh proéuc
implicated in the transmission of infectious diseascurrently being recognized as an important
step in infectious control and food safety. In e@er@ current event, cantaloupes distributed from
a Indiana farm were linked to a growing outbreakSafmonella (CDC, 2011d). In the U.S.
Traceability, requirements allowed us to trace ¢bataminated produce from farm to fork in

order to contain further distribution of the imglted produce.

The objectives of traceability in fresh produceliies risks management and food
safety, verification and control, supply chain @#ncy, quality assurance of products, and
information and communication to the consumer. 1830 congress passed Perishable
Agricultural Commodities Act (PACA). Part the PAG&Tt required recordkeeping for produce
transactions for shippers selling on the behafaahers. These regulation established the first
fresh produce traceability system for shipment (8dgvice, 2012). Over the past several years,

increase awareness of foodborne illness outbreakdiought interest to food safety and
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produce tracking. The FDA has addressed theseeomhavith the development of the GAPs
guidelines in efforts to minimize the susceptibildf fresh produce microbial contamination.
Part of the guidelines focus on improving traceghbil Farmers can market produce through
direct consumer contact at fresh produce standfaroners markets. Additional marketing
options include selling goods to processors and fodustry companies. In 2002, 86 percent of
vegetables and 69 percent of fruits within the WeBe wholesaled to processing industries (U.E
Service, 2012). Retailers may require produceméas to meet the standards under GAPs
guidelines as well as present third party auditsctompliance verification (U.E Service, 2012).
While food service industries focus attention inking contaminated produce to the exact
shipper, farmers require a higher level of acoutadetect the source of contamination.
Recently retail and food industry have begun tnagkihe source of the product and the area
within field the product was grown (U.S Food andu@rAdministration, 2009) . The cost for
establishing and sustaining traceability programffesh produce is generally less than other
food goods. Normally containers for produce arey tanige enough hold goods from one grower.
This type of segregation minimizes the risk fockiag errors in contamination detection.

However, fresh produce poses more difficulty ickiag than processed fruits and vegetables.

There are currently two systems in place for infation pertaining to produce. The first
system involves physical labels on boxes and allseéd to ship produce. The second system
includes documentation through electronic data yemdr manual recordkeeping allows
traceability between various markets. Processatsfand vegetables carry extensive tracking
identification information on labels were as frgsbduce are not expected to present this same
information on its surface (U.S Food and Drug Adstnation, 2009) (U.E Service, 2012).

Pallet tags are often used to identify packageymweglaced on pallets. Typically pallet tags
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may include packing date, packing shift, growet,rlamber, grade, size, and type of produce.
By law, pallet tags are not required but are eifecin investigating the source of produce

contamination. Though pallet tags provide a strorge in traceability, most fresh produce

have lost their forms of identification once thewnch retail shelves. Unpackaged fresh fruits and
vegetables displayed in retail stores are genewmatignymous. Products contained in bags,
plastic containers or marked with brand logo stiskdo retain some of the identification needed
for trace back. The increasing popularity of retmgat fresh cut produce, and branded produce

has pushed the continuing advancement of providifogmation to consumers.

Shippers in general sell produce to a wide rangpuothasers, including retailers, food
service establishments, and buyers. Traceabilitylbsa straightforward if shippers sell directly
to retailers and food service buyers since PACAiireg documentation to the first buyer. When
commercial buyers receive produce shipments, irdtion is entered into the buyer's data
system that tracks the variety and arrival of thedpct. If a trace back is needed, commercial
buyers must examine their records to indicate whas$ in stock during the time period in
guestion, identify the purchase order linked togheduce, and contact the shipper (U.E Service,

2012).

The last step of produce traceability is the conuaébuyer to the consumer. Consumers
who observe poor quality among produce beforeeilsoy date can return the product to retailers
or identify the products origin if packaged. Howewnost consumers who become ill and
contact health authorities after the perishablelpce or labeled package has been discarded. If
the local health department can identify the natfréhe contaminated produce along with the
location and date of purchase, than the commeraigrs may possibly locate the shipper.

Buyers can contact the shipper for additional imfation about the product and grower. Though



33

this process still brings uncertainty in the preagower being implicated the U.S organization
are exploring ways to encourage a standardizeahaldty system between each stage of produce

processing (U.E Service, 2012).

Effective produce traceability programs begin witlssessing the targeted farming
community; in order appropriately promote the usadetraceability. Knowledge on Fresh
Produce Safety and Traceability Survey forms weledfout by 22 farmers in North Carolina.
This survey includes demographic information andsfjons testing the knowledge of farmers
about fresh produce safety problems throughoutdmtry. Highest percentages of farmers are
41-60 yrs old married Caucasian males with $ 259080000 annual income, graduated
from college. Most of them think there is a fresbduce contamination problem in USA but
they are not familiar with GAP, GHP, SOP, SSOP &¥E procedures and they do not
apply them in their farms. Nevertheless, they dreremdy to get training and apply these

procedures and Produce Tracking System in thosgsfar

2.6 Pathogenic Prevalencein Fresh Produce Industry

Researchers have examined ways to improve the ifjcambn of microbial
contamination among certain produce in relatiosdib type and irrigation methods. Microbial

population in soil is known to be diverse in miaganisms.

2.6.1 Soil Testing. Studies calculate that over 6000 various badtemiarobes can be
detected per gram of soil (Nannipieri, et al., 200Recent focal laser scanning, traditional
electron microscopy techniques have provided eweeaf the location of microorganism
populations within soil substance (Nannipieri, &€t 2003). Most research in relation to the

analysis of soil activity primarily concentratesthie potential of microbial activity as oppose to
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actual activity (Nannipieri, et al.,, 2003). Thestudies are conducted under synthetic
environments that lack natural occurrence (Nannijpee al., 2003). Currently a testing technique
known as BIOLOG has become a popular means forofmimlogical soil assessment. This

technique has proven to be rapid, and simple igais&Veaknesses of this form of technique are
the microbial changes that can occur while using thethod, posing a challenge replicating
consistent results. Due to the uncertainty of abmlogical methods with techniques such as
BIOLOG, molecular methods are commonly used to stupyesults. Molecular techniques in

soil testing can allow determination of detecte@écsps being measured (Nannipieri, et al.,
2003). Extracting Deoxyribonucleic acid (DNA) frasnil involves several steps for purification

in order to identify active bacterial microbes. sBarch regarding microbial assessment in soill
has been based on synthetic inoculation of soih wiicroorganism, chemical approaches to
reduce soil microbial load, or biological methods¢duce pathogens in soil (Nannipieri, et al.,
2003). Links between microbial diversity and daihctioning among produce sites are poorly
understood. Several factors including temperatiregomposition, sun exposure, and available

water can affect soil quality among produce sites.

2.6.2. Water Testing. Established irrigation systems on produce fahage indicate
significant association with produce soil qualitylListeria and other potential pathogenic
microorganisms are known to be associated witheated irrigation water containing raw
sewage or run off from sewage treatment faciliiBsuchat, 2006). Studies have examined
sewage within 2 month intervals from 1991 to 1998 adiscovered 84% to 100% of sludge
containedL. monocytogenes or L. innocua (Beauchat & Ryu, 1997). Drip irrigation methods

have proven to reduce produce contamination rRkevious field studies indicate combination
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of drip irrigation and plastic ground covers usdges minimize microbial contamination of

cucumbers (Alum, Enriquez, & Gerba, 2011).

Contaminated surface drip irrigations have showraffect the tomato and cucumber
crops above and below soil ground. The roots cdalstudied tomatoes and cucumbers exhibited
the highest degree of contamination, followed kg ldaves and fruit (Alum, Enriquez, & Gerba,
2011). In comparison, contaminated subsurfaceidigation system did not detect pathogenic
populations in either of the above ground plantasgs (Alum, Enriquez, & Gerba, 2011).
However subsurface drip irrigation had consisterglulted in contamination of the plant roots
compared to the stem. This research concludedrtiggtion methods are the most significant
factors in contamination trends of various partscafp plants. Analysis of the major
components of produce during the study, includoas , stem, and fruit, display different risk

levels for microbial contamination through irrigatiwater (Alum, Enriquez, & Gerba, 2011).
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CHAPTER 3

M aterials and M ethods

3.1 Sampling M ethods

3.1.1. Collection of soil and water samples. Soil and water samples were randomly
collected from different locations in the fieldsfotir small-scale tomato and leafy green produce
farms located in the mountain, piedmont and coastibns of North Carolina for both summer
and fall of 2011 and 2012. Summer core samples taéen from May 1 to September 28. Fall
samples were collected from October 15 to DeceriBerSoil samples were collected using the
systematic zigzag approach across each plot irr todeceive varying samples (Appendix A.1)
For each section of the field (beginning, middied &nd) two samples were collected, providing
a total of 6 soil samples collected at each fats stwo 20 mL water sample was collected at
the water source of each site. A sterile spatulsinserted at a 45angle at 7.5 to 8 cm beneath
the surface of the soil. The sterile spatula oktaii5 to 20 g core sample from each section.
Samples were immediately put into 50 ml sterilesptatubes transferred in an ice chest to Food
Microbiology Laboratory at North Carolina A&T Staténiversity and stored at 5°C overnight.

The processing of samples was carried out thevialig day.
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Figure 3.1. Location and regioof participating fresh produce farming sites.
3.2. Verification of Pathogenic Strains with Micraobiological Assay.

Quantitative colony forminginit (CFU) counts and microbial activity obllectec soil and
water samples were assessisih¢ aseptic microbiological techniques. Ogmarnr of soil and 1
ml of water samples wemixec in 9 ml of sterile peptone water aa@propriat dilutions were
plated. Soil samples weferthel diluted through a series of 10 fold dilutiofi€™, 10% 10° 10
4 10°) while water samplewere diluted to 1. Approximately 0.1 ml oact soil and water
dilution were plated tanediun agar; tryptic soy agar (TSA) for totakerobic count, xylose
lysine Tergitol 4 (XLT4) aswell as bismulth sulfite agar (BSA) fdgalmonella spp, and
MacConkey (MAC) agar fototal E. coli species (Difco,USA). Tergitol ixXLT4 inhibits non
characteristiccalmonella spp .Salmonelli fermentates xylose and lysigausin( the pH to rise.
When the environment withithe media reaches alkaline conditio8almonelli will form red
colonies due to Salmonellspp production of hydrogen sulfideBacteriun unable to

decarboxylase lysine within tmeediun will undergo acidification from theugar.This results in
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a reduction in pH and lack of black pigmentatiothii XLT4 medium. In addition to XLT4,
BSA provided further detection @almonella spp. by inhibiting the growth of gram-positive
bacterial growth and provides ferrous sulfate ideorfor Salmonella spp to convert it to
hydrogen sulfide. MacConkey agar inhibits gram-fmesibacteria provides lactose which enteric
bacteria can ferment. This fermentation within Mankey media results in a pink pigmented
colony formation, characteristic of pathoge#icoli strains. All plates were incubated at 37°C
for 48 h. Microbial counts were expressed as Log/@H. For the qualitative identification @&.

coli O157:H7 and Salmonella enterica, 1 gram of sample was inoculated into TSB for
enrichment purposes and incubated at 37 °C for Rdllowing the enrichment process, isolated

samples underwent DNA extraction for further digigtiation.

3.3. DNA Extraction from Soil and Water Samplesfor Molecular Assay.

To confirm microbial detections of potential coli O157:H7 orS. enterica, colonies
were picked from TSB plates and diluted in 100 fidterile nanopure water for genomic DNA
isolation preparation. Cultured colonies underwsnticle washing with repeated centrifuging
(5804R model Eppendorf Centrifuge) at 3500 rpmSfanin. The genomic DNA was purified
from homogenates by DNAzol and ethanol precipitatio

Once purification steps were completed DNA con@itn was measured using a
spectrophotometer (Genesys ThermoSpectronic 10u26@ nanometer (nm) wavelengths.
The machine is standardized prior to absorbancgg)(Aeading by measuring blank
10mmx10mm cuvette with 1 ml TE buffer. In orderctculate the absorbance from DNA
concentration, 10ul of the DNA solution from a serconcentration was diluted by a factor of
0.5 in a resulting volume of 1000 ml. Cuvettestaonng prepared diluted DNA samples are

placed in
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spectrophotometry sample holder for absorbancemga#l spectrophotometricAo reading 1.0
is equivalent 50 pg/ml of pure double stranded D{8&naciu, Hoang, & Aboul-Enein, 2013).
Detection principles indicate that absorbance efdhginal DNA concentration is reciprocal to

the diluted concentration and defined as:

Original DNA concentration pg/ml= 50 pg/ml % x DNA dilution factor

Each reading depicts the diluted DNA solutions andnultiplied by the 1/0.5 dilution
factor ratio for the undetermined DNA concentratiof,s readings for each sample were

determined and printed by the spectrophotometer.

3.4. Verification of Isolated Pathogenic Strainswith Polymerase Chain Reaction.

The spectrophotometer calculations were used tpapeepurified DNA samples for
polymerase chain reaction (PCR) process. PCR dogtidn was carried out using. coli
0O157:H7,S. enterica, andL. monocytogenes specific primers in a standard mix form. Table 2

shows the primer pairs selected for the multipl©RRanalysis.



Table 2

Multiplex PCR primer pairs
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Microor ganism Target gene Primer Sequence Size Reference
Salmonella invAgene | SAL-F: AAT TAT CGC CAC 297 | (Germini,
enterica (AY594274) | GTT CFF FCAA Masola,

SAL-R: TCG CAC CGT CAA Carnevali, &
AGG AACC Marchelli,
2009)
L. monocytogenes prfAgene | LIS-F: TCATCG ACG GCA 217 | (Germini,
(AY750900) | ACCTCG G Masola,
LIS-R: TGA GCAACG TAT Carnevali, &
CCTCCAGAGT Marchelli,
2009)
E. coli O157:H’ eaeAgene | ESC-F: GGC GGATAAGAC 397 | (Germini,
(AF530554) | TTC GGC TA Masola,
ESC-R: CGTTTT GGC ACT Carnevali, &
ATTTGC CC Marchelli,

2009)
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Samples then underwent PCR analysis using PCRoki@ined from Integrated DNA

Technologies (IDT). A standard culture mixture @mingE.coli O157:H7 strain RM 4407,

L. monocytogenes strain 19115 anghlmonella enterica serovar Hadard Kentucky was used for
every sample set tested during PCR analysis. Tdrer¢hree basic steps to PCR process that are
based on amplification of specific fragments ofliidalr DNA. Initially double stranded DNA
template is denatured to form to single-strandedqs of DNA. Primers are utilized to amplify
certain regions on the template DNA and are allowednneal to single stranded denatured
DNA. Primers are short segments of DNA complemgntty certain regions on the DNA
template strand (Montville & Matthews, 2008). Thimal phase includes elongation and
extension of the primer in order to make a compltitagy copy of the DNA template (Montville

& Matthews, 2008). These basic steps make up desP@R cycle and are repeated a specified
number of times.

After an initial 4 min at 94C, 35 cycles were performed with the following step min

at 94C, 1 min at 56C, and 1 min at 7Z. Ten-minute extension process at@Zollowed by 4
C holding period concludes the final steps bptimal amplification (Germini, Masola,
Carnevali, & Marchelli, 2009). The PCR products &véren visualized as genetic bands on 1%
ultrapure agarose gel (Invitrogen) stained withl16l ethidium bromide within the Fisher
Scientific FB3000 gel box. Gel procedure includedstant voltage at 200 volts for 23 minutes.
Once time frame is completed the gel product isriesl into a UV tray on a PCR reader (BIO-
RAD). Samples that displayed similar genetic baasishe referenced primer mix were then
reanalyzed with PCR conditions using the specifimer that closely corresponded to the DNA
bands discovered in the samples.

Prior to multiplex PCR analysis of DNA samples, mmpiate testing for sensitivity was
conducted for each target pathogen. Serial dilutising 24 h incubated (37C) TSB cultures

from each pathogen were prepared. Germini e{2009) performed serial dilutions, prior to
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multiplex PCR testing, to determined detection tiamnong pathogen. Figure 3.2 provides the
detection limit ofListeria monocytogenes inoculated into soil and identified through mulépl
PCR application to after serial dilutions {1a¢, 10, 1¢, 10, 1¢f, 1C¢°, 1¢%, 10", 10, <10 cells/
ml).

3.4.1 Statistical Analysis. The data were analyzed using regression analy#\s,(S

2000). Significant differences among treatmentsevaatermined using t-test at p< 0.05.
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CHAPTER 4
Results and Discussion
4.1. Verification of Pathogenic Strains Validity

The survival and proliferation of targeted micrdlmalls was assessed using total aerobic
counts, E.coli counts, andSalmonella spp. counts. Samples collected for fall 2011 showed
significant differences among counts (p<0.05).Sarhples in the piedmont sites showed slightly
higher total aerobic counts arglmonella spp. counts on BSA media compared to the eastern
farming locations. Coastal plain water samples alsmonstrated a slight increase in all
microbial counts in comparison to the mountainagsan of N.C.

Collected soil samples within the summer harvestiagsons for both 2011 and 2012
showed similar averages in total aerobic countsafbregional growing areas. The piedmont
farm showed slightly higher counts for yearly cotead summer samples. Overall, the seasonally
collected samples demonstrated marginally higherohial growth among summer growing

period.
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Table 3

Total Aerobic E.coli and Salmonella Count for Log CFU/ml Fall (October-December) 2011

Samples after 48 h 37° C incubation.

Microbial Populations (L. og CFU/Soil and Water Samples) on Differential Media

Soil Farm 1 Farm 2 Farm 3 Farm 4
Total aerobic count 6.41+0.02 6.39+0.07% 6.83+0.39 NR
E.coli count 4.88+0.04 4.88+0.16 5.63+0.44 NR
Salmonella count on XLT4 3.60+0.18 3.72+0.04 5.08+0.9C NR

Salmonella count on BSA 4.17+0.98 4.00+0.1%* 5.32+0.70 NR

Water Farm 1 Farm 2 Farm3 Farm 4
Total Aerobic Count 0.34+0.65 2.39+0.19 1.58+0.24 NR
E.coli count 0.53+0.08 1.90+0.08 0.78+0.2% NR
Salmonella count on XLT4 0.28+028 1.85+0.13  0.62+0.34 NR
Salmonella count on BSA 0.28+0%28 1.22+0.08 0.18+0.18 NR

Data with the same superscript in the raw are igoifscantly different (p>0.05).
Data with different superscript in the raw are gigantly different(p<0.05).
NR, not reported.

Farm Name Water Type
1 Eastern farm 1| well

2 Eastern farm Il| stream

3 Mountain stream

4 Piedmont pond
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Figure 4.1. Fall 2011 total aerobic couri.coli 0157:H7, andsalmonella spp. detections of

soil samples for Eastern Farm |, Eastern Farm II.
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Figure 4.2. Fall 2011 total aerobi€.coli 0157:H7, andsalmonella spp. detections of water
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samples for Eastern Farm |, Eastern Farm Il .



Table 4
Total Aerobic E.coli and Salmonella Count for Log CFU/ml Fall (October-December) 2012

Samples after 48 h 37° C incubation.

Microbial Populations (L og CFU/Soil and Water Samples) on Differential Media

Sail Farm 1 Farm 2 Farm 3 Farm 4
Total aerobic count 6.96+0.25 4.42+0.02 6.04+0.37 6.78+0.14
E.coli count 6.26+0.09 4.36+0.06" 3.52+0.1F 4.73+0.58
Salmonella count on 4.10+0.36 ND 3.20+0.14 2.68+0.1
XLT4
Salmonella count on BSA 2.07+0.06° 3.58+0.06’ 3.16+0.19 3.12+0.10
Water Farm 1 Farm 2 Farm 3 Farm 4
Total aerobic count 4.18+ 0.33 1.15+0.09 0.98+0.02 4.11+0.3¢
E.coli count 2.13+0.48 1.26+0.38 1.64+0.49 3.36+0.20
Salmonella count on 1.38+0.9C° 0.28+0.07F 0.94+0.36' 2.93 +0.02
XLT4
Salmonella count on BSA ND 0.28+0.01 0.60+0.02 2.060.92

 Data with the same superscript in the raw are igoifcantly different (p>0.05).
P Data with different superscript in the raw are #igantly different(p<0.05).
ND Not Detected.

Farm Name Water Type
Eastern farm || well
Eastern farm Il| stream
Mountain stream
Piedmont pond

AIWIN|(F




48

8.000

7.000

6.000

v
o
S
S)

Average log CFU
w =Y
o o
8 8

TC

—

o R ARGE LD

MAC

XLT4

BSA

M Eastern Farm |
Eastern Farm Il
m Piedmont Farm

= Mountain Farm

Figure4.3. Fall 2012 totaberobiccountE.coli O157:H7, andsalmonella spp.

detections of soil samples feasteri Farm |, Eastern Farm IlI.

w

Average log CFU/ml
= N
N U w

o
u

o

TC

MAC

7]

XLT4

BSA

W Eastern Farm 1
Eastern Farm Il
m Piedmont Farm

m Mountain Farm

Figure4.4. Fall 2012 totaberobii countE.coli O157:H7, andsalmonella spp.

detections of water samplés Easter Farm |, Eastern Farm |II.



8.000

7.000

o
o
o
S

5.000

4.000

3.000

Average log CFU/ml

N~
o
S
S

1.000

0.000

TC

MAC

XLT4

BSA

M Eastern Farm |
W Eastern Farm |l
m Piedmont Farm

= Mountain Farm

Figure4.5. Average fall2011/201. total aerobic court.coli O157:H7, and

Salmonella spp. detections afatel samples for Eastern Farm |, Eastern FArm

Average log CFU/ml

TC

MAC

BSA

M Eastern Farm 1
W Eastern Farm |l
m Piedmont Farm

m Mountain Farm

Figure4.6. Average fall2011/201. total aerobic court.coli O157:H7,

andSalmonella spp. detectionef water samples for Eastern Farm |, Eastaan II.

49



50

Table 5
Total aerobic, E.coli, and Salmonella count for Summer 2011(September) samples

after 48 h 37° C incubation.

Microbial Populations (log CFU/Soil and Water samples) on Differential Media

Soil Farm 1 Farm 2 Farm3 Farm4
Total aerobic count 6.70+0.37 6.78+0.15' NR NR
E.coli count 5.59+0.52 5.68+0.96' NR NR
Salmonella count on XLT4 4.60+0.63 4.08+0.67 NR NR
Salmonella count on BSA 5.15+084  3.91+0.19 NR NR

# Raw data in the same superscript are not significdifferent (p>0.05).

® Raw data in the same superscript are significatitfgrent(p<0.05).
NR, not reported.

Farm Name Water Type
1 Eastern farm I} well
2 Eastern farm l] stream
3 Mountain stream
4 Piedmont pond
8.000
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Figure4.7. Summer 2011 total aerobic colitoli O157:H7, andsalmonella spp.

detections of soil samples for Eastern Farm |, &tagtarm II.
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Table 6
Total aerobic, E.coli, and Salmonella count for Summer 2012(May-September) samples after

48 h 37° C incubation.

Microbial Population (log CFU/Soil and Water Samples) on Differential Media

Sail Farm 1 Farm 2 Farm 3 Farm 4
Total aerobic count 6.71+0.01 6.07+0.14 5.75+0.78 6.00+0.34
E.coli count 5.3320.08 4.2520.2F 4.50+0.43 5.26+0.44
Salmonella count on XLT4 4.00+0.11 3.61+0.2F 3.79+0.05 ND
Salmonella count on BSA 5.05+0.07 ND 3.98+0.068 4.25+0.6G'
Water Farm 1 Farm 2 Farm 3 Farm 4
Total aerobic count 0.60+0.02 2.26+0.37 2.36+0.10 2.40+0.53
E.coli count 0.28+0.0F 1.69+0.26 1.67+0.28 2.350.62
Salmonella count on XLT4 0.28+0.02 1.68+0.02 1.00+0.08 2.63+0.59
Salmonella count on BSA 0.28+0.02 0.60+0.02 0.78+0.0F 1.23+0.47

% Raw data in the same superscript are not significdifferent (p>0.05).

P Raw data in the same superscript are significatitfgrent(p<0.05).
ND, not detected.

Farm Name Water Type
1 Eastern farm I} well

2 Eastern farm I] stream

3 Mountain stream

4 Piedmont pond




52

8.000

7.000

» 6.000

Averagelog CFU/c
S 8
8 8

Now
o o
S oS
S oS

1.000

0.000

=

N

A%

I3 WG 0 £ 0

MAC

XLT4

BSA

m EasterrFarm |
EasterrFarm I

m Piedmontarn

n MountainFarm

Figure4.8 Summer 2012 totaerobiccountE.coli O157:H7, andsalmonella spp

detections of soil samples faasteri Farm |, Eastern Farm II.

TC

MAC

XLT4

BSA

m EasternFarnm 1

EasternFarm Il
m PiedmontFarmr
n MountainFarmr

Figure4.9. Average summe2011/201. total aerobic court.coli O157:H7,

andSalmonella spp. detectionef soil samples for Eastern Farm |, Easteann II.



53

LR

m EasternFarm 1

|_|
Aly' ¥ I35 NG A 0GEE L RA

E
)
o I
S g - EasternFarm I
? :: é_ = PiedmontFarn
o ,‘;: F n MountainFarn
< i “

| I

o

" ]

“| > |
TC MAC XLT4 BSA
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Microbial growthobserve among selective media, XLT4, BSA, aMAC are assessed
for targetedpathogenic characteristi Suspected microbial pathogens amaigd4 media were
found to have rigid un-uniforrborders BSA plated samples expressed blpgkmentation with
encaved appearance. Bactewdh rigid borders and diffusible pinkigmen were presumed

Salmonella enterica colonies.

Figure 4.11. Detection ofE. coli 0157:H7 andsalmonella enterica by Difco Agar MAC and

BSA.



54

4.2. Efficacy of Polymerase Chain Reaction in verifying Pathogenic in Prepared
Media

Suspected bacterial colonies were further analyaedholecular verification. Multiplex
polymerase chain reaction (PCR) was applied tofywdhe suspected presence of E.coli
0157:H7,Salmonella spp., and L. monocytogenes genes. Multiplex PCR base pair bands for
samples were illustrated using gel electrophor&sssialized PCR products were compared with
the standard band with multiple pathogenic bases gar verification reference. The qualitative
analysis did detecalmonella enterica among two soil samples from Eastern farm | sitendur
summer season 2011. For further positive verificatboth soil samples were analyzed by
individual Salmonella enterica, E.coli O157:H7, and.. monocytogenes primers (Figure 4.12).
Soil sample 2 from Eastern farm | indicated positiesults with individuaSalmonella enterica
primers (Figure 4.12). Further detectionEodoli, Salmonella spp. andL. monocytogenes among
all other farming sites have 0O157:H7 arlmonella enterica in soil and water samples

collected from different farms located in Northr@ana during summer and fall seasons.
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Targeted pathoger&lmonella enterica, E. coli O157: H7 and.. monocytogenes

primers were applied individually and simultanegusl DNA samples.
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Qualitative Identification of E. coli O157:H7 and Salmonella enterica in soil and water

samples invarious regional farming sites during the fall and summer months

Farm #1 )
Farm#2 )
Farm#: )
Farm#: )
Farm #1 )
Farm#. (+)
Farm#: )
Farm#: )

Salmonella enterica
Fall
Soil samples
)
)
Q)
)
Water samples
)
Q)
)
)

()
)
()
)

()
()
()
()

E. coli O157:H7
Fall

()
)
()
)

()
()
()
()

The detection ofSalmonella enterica and E. coli O157:H7 in water and soil samples

taken among eastern farms may correlate with temsity of microbial load within this region.

Quantitative results of soil samples indicated faains within the eastern part of N.C had the

highest average microbial populations (6.70 log @©RWn TC, 5.44 log CFU/ml on MAC, and

4.30 log CFU/ml on XLT4) in the summer. Both wated soil samples collected from farms

located in the piedmont part of the state, hadIltlneest microbial counts, indicating that

humidity and temperature directly affect the micablcontent of soil and irrigation water.

Summer 2012 soil samples showed reduced total igedunt (5.75 log CFU/ml ) in

comparison eastern regional farms (Eastern regifanad | 6.71 log CFU/ml). The statistical

analysis showed that there is a significant diffeeebetween soil and water contamination
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among various regional farming locations. Highecnobial log were observed in water samples

taken from western farming region compared to @ultil produce site. Microbial populations
reached 2.63 log CFU/ml on XLT4 medium and 2.35 @fgU/ml on MAC for western water
samples taken during summer 2012,

Seasonal water and soil samples taken during thengaths indicate a higher microbial
population for eastern regional farms in comparigopiedmont and western farming regions. In
the fall of 2011 bacterial log CFU/mI populationsre significantly higher among eastern farm
Il water samples (2.39 log CFU/ml in TSA, 1.9 loBWml in MAC, 1.85 log CFU/ml in XLT4.
Fall 2011 water samples soil samples did not shoareelation to soil samples taken during the
same season. Higher microbial counts were detaotggedmont farming regions (6.82 log
CFU/ml in TSA, 5.63 log CFU/ml in MAC, and 5.07 I&FU/ml in XLT4) compared to eastern

farming regions. However fall 2012 samples indidaecorrelation between soil and water

samples with a higheE.coli count among eastern farm 1(6.26 log CFU/ml). Sailadfrom the
piedmont site showed one of the lowest microbialdldor Salmonella spp. count and E.coli
count (3.52 log CFU/ml in MAC and 1.651 log CFU/mIXLT4). Result averages for summer
2011 and 2012 show eastern farm | with the highgmsicrobial populations. Summer seasonal
averages for soil show no significance in microlead between piedmont and mountain farm
regions.

Microbial populations intensity The PCR analysisfooned the presence &S andE.
coli only in soil samples collected from a farm locatedhe eastern part of the state. These
findings indicate that improvements are neededvtmdapathogenic bacterial contamination in
fresh produce farming operations in NC and thisughde carried out by training farmers on
produce safety.

Initiatives towards fresh produce traceability srereasingly providing awareness to the
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concern of safe food practices and sanitation. Hedge on Fresh Produce Safety and

Traceability Survey forms were filled out by 22rfaars in North Carolina. This survey includes
demographic information and questions testing thewkedge of farmers about fresh produce
safety problems throughout the country. Highestcgmatages of farmers are 41-60 yrs old
married Caucasian males with $ 25000-$ 50000 aringaine, graduated from college. Most of
them think there is a fresh produce contaminatiablem in USA but they are not familiar with

GAP, GHP, SOP, SSOP and PTS procedures and they aoply them in their farms.

However, they are all ready to get training andlapipese procedures and Produce Tracking

System in those farms.
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CHAPTER S5
Conclusion

The microbial load of soil and water samples wererall higher in the Summer months
than in the cooler months of the Fall, indicatimgtttemperature is an important factor for
microbial quality of fresh produce. Significantfdifences (p 0.05) in total aerobicsalmonella
spp., and totaE. coli species were detected among soil samples betweens facated in
different regions in the summer. Both soil andevaamples collected from the farms located
in the eastern part of NC had the highest micrdb&dl in the summer. The seasonal variations
in viral contamination level could be due to thieneltic changes in temperature and humidity. It
was determined that water samples collected frofaren located in the eastern part of NC in
summer 2011 tested positive tercoli O157:H7, indicating that the adoption good agrimait
practices is essential in order to improve envirental safety in this farm.

The microbial quality of water irrigation is criit to the safety of fresh fruits and
vegetables. Irrigation methods among all partitiga farmers included drip irrigation system,
which could be a factor in microbial growth andwswal. Water quality or irrigation methods
can be compromised due to surface water run-admfnearby animal herds or farms. Small
scale farmers typically irrigate produce from neaviater sources such as ponds, streams,
rivers, or wells. Eastern farming locations ustizstream or well as a water sources. Similarly,
piedmont and mountain farming regions pumped wetiland water for irrigation sources.

Survey analysis of Fresh Produce Safety and Trditgajuestionnaire, completed by
22 North Carolina farmers, indicates that the mgjoof farmers know that produce
contamination is a serious health concern. Howeaording to the survey answers, many of a
farmers were unaware of hygienic and sanitatiorcgutares such as; GAP, GHP, SSOP and

PTS.
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Appendix A
Table A.1

Systematic zig-zag approach for soil sample collection.

Field Area (10-20 acres)
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