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ABSTRACT

Pathogenic bacteria represent a public health econgben present on meat and
result in recall of product from the market. Matioa of meat and antimicrobial
solutions are two technologies which reduce and/gmethe growth of pathogenic
bacteria. A novel antimicrobial solution has beeneloped by researchers at the USDA
Agriculture Research Service, utilizing GRAS ingesds, and has shown favorable
inhibition against pathogenic bacteria when evadain fruit rinds and vegetable stem
scars. To date, this novel antimicrobial soluticas mot been evaluated on meat. The
objective was to evaluate, in phases, the effigafcyhis novel antimicrobial solution
against pathogenic bacteria of concern on beef.

Phase one was conducted in two parts. First, theivability of pathogenic
bacteria grown on different mediums was evaluatede strain each of pathogenic
Escherichia coli andListeria monocytogenes were grown in tryptic soy broth (TSB) tubes
and on plate count agar (PCA) plates. The cellewarvested and used to inoculate the
surface of meat samples. The survivability of céitsn the two growth mediums were
compared and were found to be similar. Culturesvgr@n plates were more costly,
requiring additional time and resources for growatid harvest. This, in addition to the
similar survivability, was the basis for using brgrown cultures in future phases.

In the second part of phase one the efficacy ofatitenicrobial solution (AMS)

against pathogenic bacteria was evaluated. The NS prepared and diluted to high,



medium, and low concentrations using distilled weads the diluent and the
control. Meat samples were inoculated with a catktfaeither pathogenid&scherichia
coli 0157:H7, non-O157:H7E. coli (STECs), Salmonella spp., or Listeria
monocytogenes, treated with the assigned treatment (antimictobdacentration), and
stored. The high, medium, and low concentratiorihef AMS inhibited the growth of
pathogenic bacteria inoculated on the surface e$hfrbeef top round steaks. The
inhibitory capacity of the AMS increased with inaseng concentration. The medium
concentration was selected for further researclause it was the lowest concentration
which consistently inhibited the growth of pathogdvacteria.

Phase two evaluated the efficacy of three retailimades available against
pathogenic bacteria. Marinades were chosen basedrtyn2014 market and food trends
and included: 1) balsamic and roasted onion, 2ptepepper, and 3) classic steakhouse.
Distilled water was used as the control. Meat sasplere inoculated as previously
described, treated with the assigned marinade stordd. All three marinades inhibited
the growth of pathogenic bacteria. The lemon pepparinade was slightly more
inhibitory than the balsamic and roasted onion #mel classic steakhouse marinades
which had similar inhibition of growth.

Phase three evaluated the efficacy of the lemomparepnd classic steakhouse
marinades combined with the medium concentrationthef AMS. The AMS was
prepared and diluted to the medium concentratianguthe marinade as the diluent.
Distilled water was used as the control. Meat sasplere inoculated as previously
described, treated with the assigned AMS + marinsmlation, and stored. Both the

lemon pepper marinade solution and classic steaéhonarinade solution were more



inhibitory of the growth of pathogenic bacterianthaater. The lemon pepper marinade
solution and the classic steakhouse marinade eolatid not differ in the inhibition of
growth of pathogenic bacteria. The combination led marinade + AMS (marinade
solution) was more inhibitory against pathogenictéaa than water or marinade alone.

Phase four evaluated the sensory and objectiver abliveef top round steaks
marinated in water, water+ antimicrobial solutitemon pepper marinade solution, and
classic steakhouse marinade solution for 0, 6a8d,48 hours. Steaks were marinated in
the assigned treatment for the assigned time befma&suring color. Steaks were then
grilled and labeled for the sensory panel. Steaksimated in water+ solution, lemon
pepper marinade solution, and classic steakhous@ada solution received higher
ratings for initial juiciness, sustained juicinegstial tenderness, sustained tenderness,
and flavor intensity compared to steaks marinatedvater alone. Steaks marinated in
lemon pepper marinade solution received slightiihbr ratings than the other marinades.
Color was altered with marination. Steaks marinateaater were the lightest in color,
followed by lemon pepper marinade solution, wateotution, and classic steakhouse
marinade solution. Steaks marinated in water+ swlutvere the most red in color
followed by classic steakhouse marinade solutieman pepper marinade solution, and
water. Steaks marinated in the classic steakhoasmade solution were more yellow in
color than the other marinades.

This research demonstrates the antimicrobial effe€tthis novel antimicrobial
solution (AMS), determined an optimal concentratimn application (medium), and
demonstrates great potential for the meat industphase one. Phase two demonstrates

that marination of meat has the potential to improwat safety by inhibiting the growth



of pathogenic bacteria. Phase three demonstratashibitory effect of the combination
of retail marinades and the AMS against pathogkaateria on beef. It also demonstrates
that the combined marinade and AMS is more inhilpiemgainst pathogenic bacteria than
water or the marinade alone. Finally, phase founalestrates that marination of steaks in
solution with the AMS improves juiciness, tendemesd flavor compared to marination
in water alone. It also demonstrates that the AM&ukl be used in combination with a
flavorful marinade to minimize the development &fftavors. This research, as a whole,
serves as a basis for additional research of arrbial solutions as an ingredient in

marinades to enhance meat safety, tendernessigag;iand flavor.
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CHAPTER I: Review of Literature




Introduction

The food industry, especially in regards to meatpcts, is under constant
scrutiny in developed countries due to outbreakeadborne illnesses. While most
foodborne outbreaks cause mild to moderate illr@ssetimes serious illness results in
death which is of particular concern in elderly amahnunocompromised individuals.
Meat, poultry, milk, and eggs are the primary footisoncern leading to human illness
due to undercooking or cross contamination. Whitedborne pathogens are subjected to
physical, chemical, and nutritional stresses dupragessing (Yousef & Courtney,
2003), there are still instances when pathogengv&auand a person may become ill
following consumption of those pathogekscherichia coli 0157:H7, non-O157:H7
shiga toxin producing. coli (STEC) serotypes, ar&lmonella spp. are the main
pathogens of concern for meat companies and thieid endustries, research scientists,
and regulatory agencies in fresh meat products. pétteogen of main concern in ready-
to-eat (RTE) meat productslissteria monocytogenes.

Many control measures are effective in preventingiimimizing microbial
contamination of foods and inhibiting the growth af destroying microbial
contaminants (Marth, 1998). It is necessary fodfpoocessors to have dynamic
programs in place to lessen the risk of microbotaminants. One example of programs
that can be effective in lessening those riskgaoel manufacturing practices (GMPSs).
One important concept in GMPs begins with the $eleof high quality raw materials
with low levels of microorganisms, particularly psyotrophs. Hygienic conditions must
be maintained during food processing. Food prongssguipment design is also a

consideration for GMPs. Equipment should be desigmel constructed so that it: 1) is



inert to the product, 2) has smooth and nonporoodyet-contact surfaces, 3) is readily
accessible for cleaning and inspection, 4) is sgliptying or self-draining, 5) has covers
to prevent external contamination, and 6) has heathanable surfaces that do not
contact the product and do not harbor contamind@hésth, 1998). Equipment must be
cleaned as necessary according to a sanitationglehand sanitation standard operating
procedures to prevent the development of a biofNfarth, 1998). Airborne
contaminants are reduced by filtration of air entgfood processing areas (Marth,
1998). Caution should be exerted with air conditigrsystems to ensure the condensate
drains properly and does not contaminate the ptoddarth, 1998). Personnel must
practice good hygiene and should not be permitieddve from raw product areas to
finished product areas (Marth, 1998).

Processors are required to determine the poteniabbiological hazards of
ingredients, materials, and processes utilizingtheard Analysis and Critical Control
Point (HACCP) model and microbiological specificais to minimize risk (Scallan,
2011). GMPs, sanitation, and hygiene are prerggyisograms for the implementation
of an effective Hazard Analysis and Critical Coh#oint (HACCP) system which is the
highest level of food safety assurance. HACCP wgdemented in 1996 and was
originally developed for National Aeronautics arquh€e Administration (NASA) to
ensure a safe food supply for astronauts. HAC@Psigstematic, preventative approach
to food safety for the identification, evaluati@md control of physical, chemical, and
biological hazards from raw material productiordistribution and consumption of the
finished product. The 7 principles of HACCP arec@hduct a hazard analysis, 2)

determine critical control points, 3) establisttical limits, 4) establish monitoring



procedures, 5) establish corrective actions, @bdish verification, and 7) establish
record — keeping and documentation procedures. GMB$ACCP have improved food
safety but rely heavily upon individuals to maintarotocols. Development of new
technologies to inhibit the growth of pathogenictieaa is a dynamic field.

Hurdle technology is the concept of combining salfactors at subinhibitory
levels which effectively control microorganismsrefrigerated foods (Leistner & Gorris,
1995). Common hurdles include refrigeration, madifatmospheric packaging (MAP),
heat treatment, water activity, and pH alteratidrisese and additional hurdles will be
discussed in more detail in the following sectiohen hurdles are used in combination,
a synergism occurs, enabling use of lower quastdfeeach factor than is necessary

when used singly.

Intrinsic Factors Affecting Bacteria

Water Activity

Microorganisms require water to grow in food proya concept generally
defined as the water activity,(eof foods. Water activity is defined as the raifahe
water vapor pressure of the food substrate to épewvpressure of pure water at the same
temperature (Christian, 1963, 1980; Christian &t§d&®53; Christian & Waltho, 1966;
Jay, 2006). In a more simplistic definition, ia the amount of “free” or “unbound” water
which is available to microorganisms for chemiaadl diochemical reactions facilitating
microbial growth (Jay, 2006; Leistner & Rodel, 197bBhe g of pure water is 1.0 and
most fresh foods have gaf >0.98 (Leistner & Rodel, 1976; Nester, 2001eiBer,

1983). The @of foods can be altered by addition of salt or sulgading unbound water,



or removing unbound water through cooking, bakorgjehydrating the food. Most
microorganisms require g 20.90, although various classifications of bacteray be

more or less sensitive to changes,jr(ldester, 2001). Generally, Gram negative bacteria
are more sensitive than Gram positive bacteridnémges in @ (Nester, 2001; Sperber,
1983). Slight changes ip,@an have profound or minimal affects on bacteaivth
(Christian, 1963, 1980; Christian & Scott, 1953yi€ian & Waltho, 1966; Gill &

Newton, 1978; Sperber, 1983; Troller, 1986a, 198Required gfor select pathogens is

presented in Table 1.

2

The organisms which can survive on the surface ofithin a food are often
affected by the pH of the food (Nester, 2001). Altbh some exceptions exist,
microorganisms generally do not grow below a pH.6f(Chung & Goepfert, 1970; Jay,
2006). Lower pH foods, or foods of a more acidituna, are less hospitable to bacterial
growth. The pH of normal meat is between 5.5 aidyet pH differences exist between
carcasses and different muscles within the carf&@iis& Newton, 1978). Fermentation
and addition of weak acids which decrease the plhooease the acidity, have been
utilized as effective food preservation technigieeshundreds of years (Jay, 2006). The
buffering capacity of meat, created by the prot&ntent of the meat, allows it to resist

pH changes better than other foods (Jay, 2006).

Nutrient Availability




Microorganisms require five nutrients to grow andimtain normal function;
these nutrients, in order of importance, are: waerenergy source, a nitrogen source,
vitamins and related growth factors, and miner@r¢n, Gautier, & Brule, 1997; Jay,
2006). If an organism requires a vitamin whichahoot synthesize, its growth may be
impaired (Nester, 2001). Gram negative bacterid terhave more stringent nutrient
requirements than do Gram positive bacteria (Ja§62Nester, 2001). Thus, Gram
negative bacteria must be supplemented or receitreents from the food environment
in order to stimulate growth (Jay, 2006). Nutrieveisy greatly between different types of
foods. The major energy sources include sugarshals, and amino acids, although
some microorganisms can utilize complex carbohgdratich as starch and cellulose as
energy sources by degrading them to simple sudays 2006; Nester, 2001). Very few
microorganisms can utilize fat as an energy so(lag, 2006). Amino acids are also one
of the primary sources of nitrogen for microorgamsalthough a variety of other sources

may be utilized (Jay, 2006; Nester, 2001).

Biological Structures

Some foods have inherent biological structuresiviprotect them from entry and
subsequent growth of pathogenic microorganismsh $iaiogical structures include the
shell of eggs, rinds of fruit, hide or feathersaafmals, and other outer coverings which
form a protective layer (Baron et al., 1997; J&0&). Once these structures have been
damaged; however, pathogenic microorganisms may antl grow as the protective
layer is no longer functional (Jay, 2006). In ma&aimals and meat products, this

protective structure exists in multiple forms. Thede of the animal serves as the external



protective layer which prevents entry of pathogdracteria into the muscle of the
animal. Much as the skin protects humans from ypjso does the hide of the animal.
Similarly, the outer portion of an intact muscletects the inner portion from pathogenic
contamination (Jay, 2006). In this instance, théase of the muscle may become
contaminated while the innermost portions remagnilst The skin or hide barrier is
broken when the animal is harvested and the hidem®ved. The barriers within the
muscle are destroyed when the meat is cut, chogpepiound. These actions eliminate
an inner and outer portion of the muscle, thusaatig the entry of bacteria into the

interior portions of the meat (Jay, 2006).

Oxidation-Reduction Potential

The oxidation — reduction potential (Eh) is defirsesdthe ease with which a
substrate can gain (reduction) or lose (oxidatedegtrons (Brown, 1980; Jay, 2006).
Aerobic organisms require positive Eh values (@ad), anaerobic organisms require
more negative Eh values (reduced), while faculéathicroorganisms can survive and
grow in both conditions (Jay, 2006; Walden & HestgE975). Post rigor muscle has an
Eh of -60 to -150 mV while cooked sausages andezhnmeat have an Eh of -20 to -150
mV (Jay, 2006). Specific Eh values vary dependipgruthe type of meat, cookery
method, and ingredients. The Eh valuesHoroli, Salmonella, andListeria are broadly
classified as being between -42 and -350 mV (BagasnGalstyan, & Trchounian,

2000; Jay, 2006).

Antimicrobials




Antimicrobials may occur naturally in foods. Oneample is lysozyme which is
naturally found in egg whites (Nester, 2001). Basd popular culinary herb which
exhibits natural antimicrobial activity against teax@a (Arfat, Benjakul, Prodpran,
Sumpavapol, & Songtipya, 2014; Koba, Poutouli, Rayh Chaumont, & Sanda, 2009;
Suppakul, Miltz, Sonneveld, & Bigger, 2003; Synoevet al., 2014). Many other
culinary compounds have also been identified agigaantimicrobial activity. Oregano
and its essential oils, specifically carvacrol, anether example of an herb which
exhibits antimicrobial activity against bacteriaaf{Kkarimi, Ibrahim, & Cliver, 2010). Soy
sauce (Kataoka, 2005), red wine (Fernandes, Gotmesp, & Hogg, 2007; Vaquero,
Alberto, & de Nadra, 2007), garlic and onion (Beblkee 2004), black pepper (Zarai,
Boujelbene, Ben Salem, Gargouri, & Sayari, 2018, a@live extracts (Techathuvanan,
Reyes, David, & Davidson, 2014) have all exhibieturally occurring antimicrobial
properties.

Wood smoke is considered a natural antimicrobidliartommonly used to add
flavor and color to products (Gedela, Escoubas, &i&ha, 2007; Gedela, Gamble,
Macwana, Escoubas, & Muriana, 2007; Holley & P&605; Sunen, Fernandez-Galian,
& Aristimuno, 2001; Vitt, Himelbloom, & Crapo, 20D1The antimicrobial properties of
wood smoke are due to naturally present phenolsariwbnyl compounds (Holley &
Patel, 2005; Sunen et al., 2001, Vitt et al., 200hg phenols of wood smoke contribute
to flavor and aroma of the product while the caseprimarily affect color. Organic
acids present in wood smoke provide a preservafi@ct, help skin formation through
coagulation of surface proteins, contribute to cdbave antimicrobial properties, and

accelerate the cure reaction.



Commercial liquid smoke products, such as Zestil@naffered by Kerry
Ingredients and Flavors (Beloit, WI), are uniqueeraoluble combinations of natural
smoke extracts with listeriostatic properties (MpBratcher, Singh, & McKee, 2012).
These are a result of a wood smoke being cooled@andensed to form a liquid. Liquid
smoke products possess the same characteristigsoaissmoke, only they are in a liquid
form which is easily sprayed onto the surface otpcts to impart flavor, color, and
aroma.

Liquid smoke products, in addition to wood smolan be included on labels as a
natural extract, thus meeting current market trédadslean labeling. Additionally, liquid
smoke can be included in the product formulatioaraggredient during batter mixing
or can be added through a surface application gyoost-thermal processing. Both
formulation and surface applications can reducgliorinateListeria while
simultaneously imparting color and flavor to thesfi product (Gedela et al., 2007,
Gedela et al., 2007; Morey et al., 2012; Vitt et 2001). Caution should be exerted when
incorporating liquid smoke into the product forntida as the pH of the meat batter
system will be lowered and meat emulsion, textanel quality of the product are likely
to be affected (Faith, Yousef, & Luchansky, 1992d@&la et al., 2007; Gedela et al.,
2007; Morey et al., 2012). Surface application tabhproducts requires additional
equipment and drying time. A previous study foumak fiquid smoke suppressed growth
of L. monocytogenes on frankfurters during storage, although no lisigdal properties
were observed (Morey et al., 2012). Researcheesraat frankfurters from Kelley Foods
(Elba, AL) manufactured to contain 0, 2.5, 5, o?dlliiquid smoke wt/wt. Two

inoculation concentrations (high and low) were stelé, sprayed onto the surface of



frankfurters, hand massaged for 15 seconds to ydestribute inoculum, and vacuum
packaged. Frankfurters were then stored at 4°Q@dp 12 weeks. Listeriostatic activity
increased with increasing concentrations of liqgnbke throughout the storage period

(Morey et al., 2012).

Extrinsic Factors Affecting Bacteria

Storage Temperatures

Microorganisms have a specific range of temperatfogeoptimal growth, a
selection of which can be found in Table 1. Theeefaur classifications of
microorganisms based on the optimal temperaturgeréor growth: psychrotrophs,
psychrophiles, mesophiles, and thermophiles (Ja6R Psychrotrophs and mesophiles
are of primary concern relating to foodborne ilses Psychrotrophs are bacteria, yeasts,
and molds which grow, at a reduced rate, at rafatgen temperatures of less than 7°C
(Marth, 1998; Ratkowsky, Olley, Mcmeekin, & BalR82). Although psychrotrophs
grow at refrigeration temperatures, the optimumperature range for growth is above
refrigeration temperatures, in the range of 25-3(W@rth, 1998). Mesophilic pathogens
may survive refrigeration temperatures and growngutemperature abuse of foods
(Marth, 1998). Mesophiles may grow in a temperatarge of 20-45°C, with optimum
temperatures between 30-40°C (Jay, 2006; Ratkoets&l, 1982). Nearly all human
pathogens are included in the mesophilic bactéassidication. Storage temperatures
should be determined with the quality of the foodrind (Jay, 2006). Mesophilic

bacteria are inhibited by cold temperature storageiever, cold storage temperatures
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facilitate growth of psychrotrophic organisms. 8titemperature changes can alter the
microbial profile of meat (Sun & Holley, 2012).

The lag phase of microbial growth, that phase duwhich there is no increase or
decrease in microbial numbers, and the generatioa the duration between formation
of a daughter cell and its division into two nevissancrease with decreasing
refrigeration temperature (Marth, 1998). Produe&lfslife at specific temperatures should
be established and monitored to manage food safetyjuality. Potential for
temperature abuse of food products exists duringllivey, thus temperature indicators
may be useful in determining when refrigerationpenatures or intended storage time
have been exceeded (Marth, 1998). The recommendet)e temperature for meat and
poultry products is at or below 4°C because lowgeratures affect membrane
permeability, reduce nutrient uptake, protein sgaib, and enzyme functionality, all of
which contribute to reduced pathogen growth (Graum& Marahiel, 1999).

In addition to storage temperature, processing é&gatpre is also important.
Microbial population on foods is reduced by heatimige element of hurdle technology.
The degree of reduction of microbial populatiodépendent upon the magnitude of the
heat treatment, namely time and temperature (Ma&88). Pasteurization, which
destroys vegetative pathogenic cells, is the contynesed magnitude of heating, as
opposed to sterilizing (Marth, 1998). Howeverabfl products are handled after a post-
lethality treatment such as heating, the potefdramicrobial contamination of the food
exists. For example, deli meats are fully cookedERAeat products, yet slicing of these
deli meats in grocery stores represents a potdotig@ontamination of the food by

microorganisms. Sterilized products, milk for exaapust be aseptically handled
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following the sterilization process to prevent netzonination of the product by
microorganisms. Fresh meat products are most ltkehe exposed to temperature abuse
during shipping and handling and are more likelpéccooked to internal temperatures
which are insufficient to kill pathogenic bactefdumerous factors influence the growth,
or lack thereof, of microorganisms in food; somedes pertain to the environment in

which the food is stored while others pertain t fibod itself.

Atmospheric Composition of Packaging

Carbon dioxide (Cg), ozone (Q), and oxygen (&) are inhibitory to growth of
certain pathogens and incorporating these gasepaukaging of food provides an
antimicrobial effect (Clark & Lentz, 1973; Gill & &vton, 1978; Nester, 2001; Stier et
al., 1981). Modified atmospheric packaging (MAPdIe technology which controls the
atmosphere within the packaging of meat and extproi$uct shelf life by decreasing
oxygen and/or increasing gases, such as carborddi@®rody, 1996; Gill & Newton,
1978; Marth, 1998; Nester, 2001). MAP inhibits gtbwf aerobic spoilage
microorganisms, such &seudomonas species, but permits growth of facultative
anaerobes, such as lactic acid bacteria, in thét do@ironment (Brody, 1996; Marth,
1998; Stier et al., 1981).

MAP, in combination with aseptic packaging, hasexignced considerable
growth in the minimally processed refrigerated fogdctor (Brody, 1996; Clark &
Lentz, 1973; Marth, 1998). Despite the benefitMéfP packaging, some risks still exist.
Facultatively anaerobic organisms are capable aé@ic respiration if oxygen is

absent though they can utilize aerobic respiratidhe presence of oxygen. Examples of
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facultatively anaerobic organisms includeteria spp. anck. coli. Anaerobic organisms
are those organisms which do not require oxygegrowth. Examples of anaerobic
organisms includ€lostridium andPropionibacterium. Both facultatively anaerobic and
anaerobic psychrotrophic pathogens may be ableote gntil lactic acid bacteria
sufficiently reduce the pH of the product to inhaoy levels (Brody, 1996; Marth, 1998;
Nester, 2001). Further, growth of lactic acid baatenay not coincide with overt
evidence of spoilage (Clark & Lentz, 1973; MartB98&). Another technique to control
atmospheric composition within packaging is vacipaokaging which restricts Qevels
and allows for levels of approximately 20% ©@hich inhibits growth of Gram negative

aerobes (Gill & Newton, 1978).

Pathogens of Concern

Meat is one food source which has been linked wititoreaks oE. coli,
Salmonella, andListeria. Most illnesses associated with meat are duertswaption of
under cooked meat or cross contamination in theehpreparation of raw meats with
ready to eat foods (Soon, Chadd, & Baines, 20119.reasonable to assume that, if
foods were prepared in such a manner as to prevesd contamination and meat were
cooked to the appropriate internal temperature yni@odborne illness outbreaks would

be eliminated. Strains of pathogens of concerroatined in Table 2.

PathogenicEscherichia coli

Escherichia coli (E. coli) is a Gram negative non-spore forming rod in the

Enterobacteriaceae family. It is a facultative anaerobe which is pafrthe normal
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microflora of the intestinal tract of most warm-btted mammals, including humans
(Marth, 1998). There are both pathogenic and nahgggenic strains dk. coli, though
most are harmless to the human and animal popalai@rimary function ok. coli in
the gut microflora of warm-blooded mammals is toilnit other pathogenic bacteria. Not
considered to be true psychrotrophs, some strdigsanli can grow at 6.9°C and below
(Palumbo, Lee, & Boerman, 1994). Pathogenic straiasategorized into six groups:
enteropathogenic (EPEC), enteroinvasive (EIECkgreinbxigenic (ETEC),
enterohemorrhagic (EHEC), enteroaggregative (EABQY, diffusely adherent (DAEC).

As few as 10 to 100 cells are needed as an infectiose of EHEC with
symptoms including nausea, abdominal cramps, vogjyiand watery or bloody diarrhea
(Nester, 2001). The duration of the incubationgemay last anywhere from 2 hours to
6 days (Nester, 2001). In extreme instances, hdragic colitis can progress to
hemolytic uremic syndrome (HUS). Six serovars oEHtHare pathogenic, making this
classification the most commonly associated withdfworne outbreaks. Foods involved
in pathogeni. coli outbreaks include meat, poultry, fish, vegetaldggple cider, raw
milk, Brie and Camembert cheese, water, and raghshalfalfa sprouts (Brooks et al.,
2005). Some strains & coli are more tolerant of acidic environments, a gropltase
dependent and inducible phenomenon, which maystdosiextended periods of
refrigeration (Marth, 1998).

In 2011 it was estimated that nearly 64,000 ca$€x157:H7 EHEC and 113,000
cases of non-O157:H7 EHEC infections occurred oararual basis (Scallan, 2011).
Nearly 75% of all pathogeni€. coli related foodborne outbreaks worldwide are due to

0157:H7; however, the United States is testingherpresence of non-O157:H7
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pathogenic. coli serotypes due to their association with humaeskn Verotoxigeni&.
coli (VTEC) and shiga toxin producirtg coli (STEC) are interchangeably used to
describe the group of serotypes most commonly tintkehuman illness; the
interchangeability of the terms is related to dalleytotoxin production (Mathusa, Chen,
Enache, & Hontz, 2010). So termed the “big six” #@157:H7 serotypes are 026, 045,
0103, 0111, 0121, and 0145 (Brooks et al., 200B¢s€ “big six” STECs account for
approximately 70% of the non-O157:H7 infectionsking them of greater importance
than O157:H7 (Brooks et al., 2005). Because ofrtiportance of the STEC strains in
causing human illness, USDA has placed the bigsithe zero tolerance adulterant list.

Growth ofE. coli can be driven by aerobic or anaerobic respiratsoi ia a
facultative anaerobic microorganism. It can surviva wide variety of substrates. coli
growth utilizes a variety of redox pairs, includiogidation of pyruvic acid, formic acid,
hydrogen, and amino acids, and the reduction doftsates including oxygen, nitrate,
fumarate, and dimethyl sulfoxide. Contaminated &as$pecially undercooked ground
beef and unpasteurized milk and juice, are commoances for infection. Most
individuals will recover after 6-8 days of symptothsugh the illness can last 5-10 days.

Control of pathogeni€&. coli can be achieved by reducing water activity and
lowering the pH of the substrate below the intriatat pH thereby disrupting the cell
membrane (Chung, & Murdock, 1991; Morey et al.,20Membrane disruption may
also lead to disturbance of vital cell functionsl &ad to cell lysis, also controlling
growth of pathogeni€&. coli (Rodriguez, Seguer, Rocabayera, & Manresa, 200n%n
& Beuchat, 2004). Cell membrane disruption may deeved through association

between positively charged amino groups and neglgtcharged anions on the surface of
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the bacteria (Friedman & Juneja, 2010). Inhibitoéipathogenic bacteria growth may be
accomplished through interaction of anionic counstits of the negatively charged cell

wall, resulting in rapid efflux of cytoplasmic cditaents (Henning, 1986).

Salmonella spp.

Salmonella are Gram negative, non-spore forming, motile roajpsiadl,
heterotrophic, mesophilic bacteria which belongheEnter obacteriaceae family. These
organisms grow well at 37°C and are able to utiizglucose as a carbohydrate source,
generating organic acids and gas as byproduct2QLi3). Some strains are capable of
reproduction at temperatures in excess of 54°Cf{beo & Yamamoto, 1992) while
others can grow at refrigeration temperatures 4f@{D'Aoust, 1991a, 1991b).
Salmonella are commonly present in the environment and inrttestinal tract of warm-
blooded animalsSalmonella are an important human pathogen associated witlirpo
and poultry products (Bryan, 1995). There are ntioa@ 2,400 serovars currently
recognized as members of B monella family (Popoff, Bockemuhl, & Brenner, 1998).
While not all serovars are pathogenic, some carecaerious illness in humans,
primarily the young, the elderly, and the immunopoomised. Enteritidis and
Typhimurium serotypes are commonly identified sdesgs withinS. enterica.
Nontyphoidal salmonellosis and typhoid fever, causgS. Typhi or S Paratyphi A., are
the illnesses caused Bglmonella infection. These serotypes are only found in human
hosts.

Human infection can lead to typhoid fever, entatisohnd systemic infections by

nontyphoidalSalmonellae (D'Aoust, 1991a, 1991b). A 6 to 72 hour incubapeniod is
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required in foodborne cases prior to expressioyofptoms (Mccullough & Eisele,
1951). Salmonellosis symptoms include diarrhea,iting) prolonged fever, headache,
abdominal pain, abscesses, shock, and an ovesilideof exhaustion (D'Aoust, 19914,
1991b; Nester, 2001). Most salmonellosis casesealfdimiting with symptoms fading
after several days. Diagnosis is carried out thinagglation from a stool or blood
sample.

Poultry, eggs, meat, meat products, peanut butbena, and produce have been
identified as vehicles of salmonellosis (Mishulet E094). The fat content of the food is
important in the degree of clinical manifestatiocts that a lower infectious dose is
associated with a higher fat content food (D'Aoi889). Contamination of meat and
poultry with Salmonella is of critical importance to these industries astamination
leads to recalls of product. Advances have beerenmathermal intervention
technologies which redu@monella spp. in meat and poultry products, yet the ability
of certain strains to survive and grow at tempeestof up to 54°C, survive in foods
stored at 2-4°C, and grow over a wide pH range®td 9.5 (D'Aoust, 1991a, 1991b)
remains a concern during food storage, distribyton preparation. Processing and
storage temperatures are equally important in ieguostances of foodborne illness.
The ability of pathogenic microorganisms to growthie same temperature range as that
in which processing and storage of foods occuasusique challenge for the meat
industry and for consumers.

Risk of contractingsalmonella is increased with travel to countries with poor
sanitation. The infectious dose &flmonella spp. is higher than that &t coli though it

is dependent upon the age and health status aidhedual. Most illnesses last 4-7 days
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and often individuals do not require treatment. @@arof pathogeni&almonella can be
achieved by reducing water activity and lowering pH of the substrate below the
intracellular pH thereby disrupting the cell memiegChung, & Murdock, 1991; Morey
et al., 2012). Membrane disruption may also leadisturbance of vital cell functions
and lead to cell lysis, also controlling growthpaithogenicsalmonella (Rodriguez et al.,
2004; Sharma & Beuchat, 2004). Cell membrane dismpnay be achieved through
association between positively charged amino gramglsnegatively charged anions on
the surface of the bacteria (Friedman & JunejaP2Qhhibition of pathogenic bacteria
growth may be accomplished through interactionnodric constituents of the negatively

charged cell wall, resulting in rapid efflux of oplasmic constituents (Henning, 1986).

Listeria monocytogenes

Listeria monocytogenes is a Gram positive, motile, rod-shaped, facultative
anaerobe which is ubiquitous in the environmentr{Mal998). Thirteen serotypes have
been identified, though only three have been aatetiwith the majority of foodborne
illnessesL. monocytogenes has been isolated from soil, silage, food processin
environments, and healthy humans and animals aambisn to be salt and cold tolerant
(Scallan, 2011)L. monocytogenes, though not a leading cause of foodborne iliness, is
leading cause of death from foodborne illness (&6aR011). The CDC estimates 255
deaths resulting from 1,591 cases of foodbornesdrdue td.. monocytogenes (Scallan,
2011). The infectious dose is not known, althougfimeations indicate it to be fewer than

1,000 cells (Scallan, 2011).
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Risk of contracting listeriosis is increased in gguchildren, the elderly, and any
individual with a compromised immune system (Mafit®98; Morey et al., 2012).
Symptoms generally include fever, muscle achesthdia, and other gastrointestinal
issues. Pregnant women are susceptible to spontsuabortions and stillbirths in
approximately one third of cases (Scallan, 20 yariety of foods have been recalled
from the market due to contamination lbhymonocytogenes, though the most commonly
associated foods are refrigerated ready-to-eat JRIdels (Mbandi & Shelef, 2002;
Ryser & Marth, 1988, 1989).

A unique problem for the food industry is the dlgibf L. monocytogenesto grow
and thrive at refrigeration temperatures. The ueigbility ofL. monocytogenesto thrive
at refrigeration temperatures along with its higbrtality rate have resulted in the USDA
setting a “zero tolerance” policy far monocytogenesin RTE foods. Listeriosis
incidences are caused by consumption of foods non&ded withListeria and have been
associated with coleslaw, soft Mexican-style chessl, meat, poultry, meat
sandwiches, meat salads, and many other refrigeRiI& foods (Mbandi & Shelef,
2001, 2002; Ryser & Marth, 1988, 1989). RTE lundais are an area of particular
concern, as sandwiches featuring RTE lunch meatsféen a quick and simple lunch
option for children, the elderly, and working praghwomen.

RTE foods are contaminated withmonocytogenes mainly during post-
processing handling and further thermal applicatiare often not applied to these foods
(Mbandi & Shelef, 2002). Despite containing sodicimoride, nitrites, and nitrates,
growth ofL. monocytogenes is not inhibited during storage in refrigerated pamatures

(Mbandi & Shelef, 2002). Prevention of listeriossjuires application of intervention
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strategies at all stages of the food chain, begmuiith the processing facility and
progressing to the consumer’s home (Lianou eR@Dy). Evidence suggests the use of
topical treatments such as lactic acid, acetic,asghnic acids, chitosan, nisin, and lauric
arginate ester are effective against these patiso@derery, 1997; Gao, Zhu, & Zhang,
2013; Guo, Jin, Wang, Scullen, & Sommers, 2014 fidah, 2002; Mani-Lopez, 2012;
Mattick & Hirsch, 1947; Podolak, 1995a, 1995b; Ruek, Rocabayera, Borzelleca, &
Sandusky, 2004; Theron, 2007; Yoder et al., 2012).

Control ofListeria monocytogenes can be achieved by reducing water activity and
lowering the pH of the substrate below the intriatat pH thereby disrupting the cell
membrane (Chung, & Murdock, 1991; Morey et al.,20Membrane disruption may
also lead to disturbance of vital cell functionsl &ad to cell lysis, also controlling
growth of pathogenit.. monocytogenes (Rodriguez et al., 2004; Sharma & Beuchat,
2004). Cell membrane disruption may be achievealiin association between
positively charged amino groups and negatively gbd@nions on the surface of the
bacteria (Friedman & Juneja, 2010). Inhibition aflpgenic bacteria growth may be
accomplished through interaction of anionic counstits of the negatively charged cell

wall, resulting in rapid efflux of cytoplasmic cditaents (Henning, 1986).

Common Topical Treatments

Lactic Acid
Lactic acid is an organic acid that is “Gener&lgcognized As Safe” (GRAS) as
a food additive and is commonly used in the medustry. Lactic acid has been used as a

hot carcass rinse on abattoirs (Huffman, 2002dkicentrations of 1-2% lactic acid has
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been used to decontaminate red meat carcassestigatively impacting meat quality
(Theron, 2007). High temperature (>60°C) appligatib lactic acid has proven to
effectively control pathogenic bacteria populatiomscarcasses (Theron, 2007). Lactic
acid and other organic acids elicit bactericidal bacteriostatic affects by reducing the
pH of the substrate to a lower level than the mdécellular pH, thus disrupting the cell
membrane (Chung, & Murdock, 1991).

Post-processing spray and dip applications ofidaactid have effectively reduced
L. monocytogenes (Theron, 2007). Additionally, a 2% solution of i@cacid has been
proven to reduceg. coli 0157:H7 andsalmonella Typhimurium (Yoder et al., 2012). The
acceptable limit for the use of lactic acid in prots may exceed 4% without negative
organoleptic consequences; however, the buffe@pacity of the meat system will
likely be reduced due to the acidic pH of lactiddg&ill & Badoni, 2004). A spray
application of a 4% lactic acid solution effectiveéduced both non-O157:H7 and
0157:H7 on inoculated beef flanks (Kalchayananal.e2012). Concentration and
temperature of lactic acid influences the effectags at inhibiting growth of pathogens
of concern. Research has been conducted to idéhé&fgptimal concentration and
temperature of lactic acid for application to mg&isGeer, 2014). This research found 1,
2, 3, and 4 % lactic acid inhibited growth of pajboic bacteria on fresh beef.
Additionally, the researchers reported 2, 3, 4, B¥tdsodium metasilicate inhibited

pathogenic bacteria growth.

Acetic Acid
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Acetic acid, among other organic acids, is utilizedairy and meat products to
target yeast and bacteria growth (Mani-Lopez, 20t 2)as also achieved GRAS status.
The pungent odor and flavor of acetic acid, thenary component of vinegar, limits its
application in many foods (Mani-Lopez, 2012). Applions for acetic acid in foods must
grant consideration to the potential for off odarsl flavors in the final product. Many
pickled products include acetic acid (Mani-Lope@]2). Acetic acid has been shown to
reduce growth of pathogenic bacteria on lean bessicie over time (Podolak, 1995a,
1995b).Escherichia coli O157:H7 and.isteria monocytogenes were inoculated onto the
surface of lean beef and then sanitized with fucacetic, or lactic acid alone and in
combined solutions of those acids at 55°C for ®8ds. A 1% concentration of fumaric
acid was the most effective acid in reducingltheonocytogenes andE. coli O157:H7
populations. The researchers ranked the orderid$ sested against the growthlof
monocytogenes andE. coli O157:H7 and reported fumaric acid as the mostaie
followed by lactic and acetic acids. Fumaric adid@ancentrations of 1% and 1.5% was
reported to be more effective than any of the combisolutions of acids. Acetic acid and
other organic acids, are known to be more effedtiaditors of pathogen growth than
hot water, though the discoloration and off odaparties associated with acetic acid in
particular will determine the concentration(s) whghould be utilized (Sun & Holley,
2012). Researchers reported a reduction of susgiaiceness resulting from including
sodium acetate injected at 0.1%, which made beeksttreated with 1.5% potassium
lactate more attractive to consumers because steaka better "fresh beef" appearance

(Knock et al., 2006a, 2006b).
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Emerqging Topical Treatments

Lauric Arginate Ester

Lauric arginate ester (LAE), classified as GRASUSDA, is verified nontoxic
and is metabolized to naturally occurring aminasagcprimarily arginine and ornithine,
following consumption (Ruckman et al., 2004). laisationic preservative which is
derived from lauric acid, L-arginine, and ethar6aig et al., 2014; Ruckman et al.,
2004). LAE is a surfactant typically used in foodmfacturing as a processing aid; it
also has antimicrobial properties in foods (Maetiral., 2009). It is believed that the
antimicrobial action of LAE originates from its &ty to cause membrane disruption and
disturbance of vital cell functions (Rodriguez kf 2004). Known as a potent
antimicrobial agent in foods, LAE tends to concat#rin the aqueous phase of products
because of its low oil-water interaction equilibniBakal, 2005).

One study conductdd monocytogenes challenge trials in brain heart infusion
and on salmon disks that were supplemented wittebeitlal compounds nisin, lauric
arginate, epsilon-polylysine, and chitosan (Kanglet2014). Researchers reported
varying degrees of effects; however, nisin decr@asiéial L. monocytogenes populations
on salmon compared to control. Other researcheighsdo validate combinations of
antimicrobials that would produce an immediatedéti of at least 1 log of.
monocytogenes on artificially contaminated frankfurters, and pugss growth to less than
2 logs throughout the extended shelf life at refreged temperatures (Martin et al.,
2009). These researchers reported 22 ppm LAE gave than a 1 log reduction bf

monocytogenes inoculated frankfurters within 12 hours. The conabion of potassium
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lactate or sodium diacetates with 22 ppm LAE causetk than a 2 log reduction at 12

hours.

Chitosan

Chitin is the major constituent of the exoskeletohsrustaceans. Chitosan is a
natural polymer which is obtained by deacetylabbrhitin. Chitosan has been verified
nontoxic, biodegradable, and biocompatible (Gual.e2014). Although the
antimicrobial mechanism of chitosan remains unclé#s thought to involve disruption
of the cell membrane as a result of the associdtween positively charged amino
groups of chitosan and negatively charged aniond®surface of bacteria (Friedman &
Juneja, 2010). Broad application potential existchitosan in the meat industry,
particularly as an edible coating and as an ingreador antimicrobial solutions (Gao et
al., 2013). Chitosan coatings create a semi-perladmorier which may reduce loss of
moisture and alter gas exchange, reducing regmiramd inhibiting microbial decay
(Gao et al., 2013).

In one study, freshly harvested grapes were treaitdchitosan, glucose,
chitosan-glucose complex, or water (control) fotaG0 days at 0°C followed by 3 days
in the air at 20°C (Gao et al., 2013). The reseasheported coated samples were
effective in terms of inhibition and postharvesteadise prevention with chitosan-glucose
complex showing better effects compared to purosan or glucose. In addition, the
complex coating treatment ensured better berrytexdnd higher sensory scores,
compared with those treated with chitosan or glaaene. Another study evaluated

edible antimicrobial coating solutions incorporgtchitosan, lauric arginate ester (LAE)
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and nisin (Guo et al., 2014). Deli meat samplesvagectly coated with the solutions, or
treated with solution-coated polylactic acid filstimicrobial coatings containing 1.94

mg/cnt of chitosan and 0.388 mg/érof LAE reduced.. innocua by 4.5 log CFU/crh

Bacteriocins are proteins produced by certain Ibactad are known to have
antimicrobial properties against other bacteriarthlal998). Nisin is a particularly well
known bacteriocin which is produced by certainisg@f Lactobacillus lactis subspecies
lactis. Nisin and salts of organic acids inhibit pathagand extend the shelf-life of
shrimp when used in dip treatments (Al-Dagal & Baaa1999). It is a reasonable
assumption that the inhibitory effects of nisin @adts of organic acids may also be
observed in red meat and poultry. Nisin is gengraltognized as safe (GRAS) by the
United States Food and Drug Administration (FDAJ &was been used as a food
preservative since the 1940s (Mattick & Hirsch, 294 he effects of nisin have been
well studied and it has been found to be effectigainst a wide range of Gram positive
bacteria, including.. monocytogenes and spore formers, as well as Gram negative
bacteria in combination with food grade chelatarshsas ethylenediamine tetraacetic
acid (EDTA) (Delves-Broughton, Blackburn, EvansH&genholtz, 1996). Nisin has
been approved as a food preservative in more thawdntries (Surekha, 2000).
Potassium sorbates, sodium benzoate, and sodiwmtaies are examples of salts of
organic acids which act as antimicrobials in foBBDA, 2014; Thomas, 2000). Such salts
of organic acids are available commercially, aexpensive, and are widely approved

food additives (Surekha, 2000). Studies on theiegipdn of nisin and/or salts of organic
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acids have been conducted for decades on dairpracdssed foods (Delves-Broughton
et al., 1996) with recent focus on the applicatmfresh meat and poultry (Avery, 1997;
Gonzalez-Fandos & Dominguez, 2006).

One study used three hemolytic pathogenic strdihssteria monocytogenes
stored at 4°C in phosphate-buffered saline, pHdnbtaining a combination of sorbate
(0.2% wt/vol) and nisin (40 IU/mL) to assess astédrial effects (Avery, 1997). Sterile
beef steaks were inoculated with a cocktail ofttiree strains at approximately 5 log
CFU/cnt and the surface of half the steaks was treateulthit antimicrobial solution
1.0% sorbate plus 1,000 IU of nisin per mL. The iwess packaged under vacuum or
100% carbon dioxide and stored at 4°C for 4 weBkgpulations decreased by 0.54 log in
CO, packages while vacuum packaged meat populatiacreased during storage to the
extent that 96.5% of the initial pathogen load et®inated. Treatment with the sorbate-
nisin combination did not significantly affect pagenicity of thel.. monocytogenes
cocktail recovered from vacuum or carbon dioxidelkgages after storage, in contrast to
the in vitro study, where pathogenicity was cleatignuated.

Nisin inhibits growth of Gram positive bacteriadhgh interaction with anionic
constituents of the negatively charged cell walulting in a rapid and specific efflux of
cytoplasmic constituents (Henning, 1986). In asteme study, the application of nisin
alone reduced numbers lofmonocytogenes by 0.95 log CFU g on vacuum packaged
shrimp (Wan Norhana, Poole, Deeth, & Dykes, 20TBg authors postulate the relative
inefficiency of nisin may have been due to the ery concentration used in the dipping
solution due to the expense of nisin for industigplication (Wan Norhana et al., 2012).

The presence of protease in meats may partialllagxthe reduced inhibition of nisin
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applications in comparison to lower lipid contembdis such as cabbage, broccoli, and
bean sprouts which exhibited higher reductionk. @honocytogenes (Bari, 2005). Nisin
is known to be more efficient at lower pH wherdas rielatively high pH of meat (5.5-
6.0) may reduce the activity (Delves-Broughtonlgtl®96). Nisin may not be stable in
meat and the activity can be rapidly lost frommisinding to meat particles (Henning,
1986; Wan Norhana et al., 2012).

Nisin (50 pg/mL) and pediocin (100 IU/mL) individlyaor in combination with
2% sodium lactate, 0.02% potassium sorbate, 0.0&#cpacid, and 10 mM citric acid
were tested as sanitizer treatments for reducistgria monocytogenes on cabbage,
broccoli, and bean sprouts (Bari, 2005). Cabbagedoli, and bean sprouts were
inoculated with a five-strain cocktail &f monocytogenes and left at room temperature
(25°C) for up to 4 hours prior to antimicrobialdteent. Washing treatments were
applied to inoculated produce for 1 minute, andisurg bacterial populations were
determined. All compounds resulted in 2.20 to 4d8preductions of.. monocytogenes
on bean, cabbage, and broccoli when tested alammab{Dation treatments of nisin-
phytic acid and nisin-pediocin-phytic acid causeghificant reductions ok.

monocytogenes on cabbage and broccoli but not on bean sprouts.

Antimicrobial Solution (AMS)

The antimicrobial effects of these ingredientsdusagly suggests that an additive
effect may be observed if the ingredients are caethi Researchers at the USDA
Agriculture Research Service have developed a reov@hicrobial solution

incorporating lactic acid, acetic acid, levulinidy lauric arginate ester (LAE), and
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chitosan into MilliQ water (Guo et al., 2013, 201RJevious research has evaluated the
efficacy of the AMS on samples directly coated with solution or treated with solution-
coated polylactic films (Guo et al., 2013, 2014)eTapplication of AMS has shown
favorable inhibition against bacteria when appt@@RTE pre-sliced turkey deli meat and
frozen RTE shrimp. Similar AMS applications havecabeen evaluated in tomato stem
scars and cantaloupe rinds and have yielded falorabults as well (Chen, Jin, Gurtler,
Geveke, & Fan, 2012; Jin & Gurtler, 2012). Addiabnesearch is needed to evaluate the

efficacy of AMS in application to fresh meats.

Other Topical Treatments

Many organic acids are currently utilized in thedandustry to impart
characteristic flavors and to inhibit growth of maorganisms. Lactates and diacetates
have effectively reduceld steria monocytogenes in RTE meat and poultry products
(Bedie et al., 2001; Choi & Chin, 2003). One stuatjicated that 2 — 3% potassium
lactate as an ingredient showed a listeriostatexcebn inoculated frankfurters over a 90
day vacuum storage period at 4°C (Porto et al.2RQ(xctates and diacetates reduce
water activity and lower intracellular pH, therabypairing cell function and growth
(Morey et al., 2012). Another study found the aidditof lactate did not affect meat pH,
addition of diacetate reduced meat pH, yet addiomoth lactate and diacetates
increased the meat pH (Mbandi & Shelef, 2001, 2@2kelenburg & Kant-Muermans,
2001). Both lactate and diacetates were found ¥e hsteriostatic properties rather than

listeriocidal properties, the combination of thetwas found to be more inhibitory than

28



either singly, and similar inhibition was notedsemmples inoculated witBalmonella
(Mbandi & Shelef, 2002).

Acetates and diacetates are used in dairy and pnediicts to target growth of
yeast and bacteria while sodium propionate is ts¢grget mold growth (Mani-Lopez,
2012). Other food preservatives include propiodiicic, and benzoic acids (Theron,
2007). A combination of lactic acid or acetic awith fumaric acid, or fumaric acid
alone, is also effective agairistmonocytogenes (Podolak, 1995a, 1995b). The poultry
industry commonly adds citric acid and citrateshdl tanks to control pH and thus
controlSalmonella spp. (Mani-Lopez, 2012). Malic, propionic, and &ait acids are
organic acids which are not as commonly utilizedh®/food industry but which may
offer antimicrobial effects (Mani-Lopez, 2018). coli O157:H7 L. monocytogenes, and
Salmonella Typhimurium counts on lean beef have been redugedtone by the
application of fumaric, lactic, and acetic acidedBlak, 1995a, 1995bfscherichia coli
0157:H7 and.isteria monocytogenes were inoculated onto the surface of lean beef and
then sanitized with fumaric, acetic, or lactic aaidne and in combined solutions of
those acids at 55°C for 5 seconds (Podolak, 199%Db). A 1% concentration of
fumaric acid was the most effective acid in redgdimeL. monocytogenes andE. coli
0157:H7 populations. The researchers ranked ther ofcacids tested against the growth
of L. monocytogenes andE. coli O157:H7 and reported fumaric acid as the mostt¥ie
followed by lactic and acetic acids. Fumaric adid@ancentrations of 1.0% and 1.5% was
reported to be more effective than any of the coxdbisolutions of acids. Hot water is
less effective at reducing bacteria than organidsatiowever, discoloration and off

odors may develop with the addition of organic ag¢f@lun & Holley, 2012). Thus, this
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should be the main concern when determining theemnation(s) of organic acid(s) to
be utilized (Sun & Holley, 2012).

Sorbate, propionate, and benzoate have antibdaedaantifungal properties
(Elshenawy & Marth, 1988a, 1988b; Park & Marth, 28,71972b, 1972c, 1972d). Salt is
a preservative, a flavor enhancer, and has antmi@r properties, although it is not used
in high enough concentrations to be an effectiweracrobial, particularly in “low-
sodium” foods (Marth, 1998). Use of salt and othgredients will reduce the water
activity to 0.98 or below, lengthening the lag pha$ most bacteria and further reducing
the rate of any subsequent growth (Elshenawy & Mdr®88a, 1988b; Park & Marth,
1972a, 1972b, 1972c, 1972d). Like organic acidsjsaelf limiting due to organoleptic
properties.

Sodium metasilicate is approved as an antimicrabiRTE meat and poultry
products, up to 6% as stated by the USDA FSIS t@@120.1 Rev. 20 which became
effective September 9, 2014 (Carlson et al., 20@Bhough little research has been
conducted with sodium metasilicate in meat appbecat it has proven to effectively
reduce Gram negative bacteria on the surface of amehmeat products (Carlson et al.,
2008). The effectiveness of sodium metasilicatéeisved from is ability to act on the
cytoplasmic membrane and cause cell lysis (SharrBa&chat, 2004). Although
research on the effect of sodium metasilicate aanGpositive bacteria remains limited,
onein vitro study found it reduced. monocytogenes (Sharma & Beuchat, 2004).
Another study used sodium metasilicate at 2, and,5% and found it reducé&d coli
0157:H7, STECsSalmonella spp., and.. monocytogenes when applied to inoculated

bottom beef rounds and deli meats (DeGeer, 20185uls indicate the effectiveness of
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sodium metasilicate against pathogens of conceimowi negative meat quality concerns
(DeGeer, 2014; Quilo et al., 2010). Any antimicadl@dditives must be declared on the
product label under the purview of the FDA, suatealaration is against current “clean

label” and “green label” market trends (Morey ef 2012).

Meat Marination

Marinades are typically a water-oil emersion camteg a combination of sugar,
salt, acids (acetic and citric acids), additivearfhan and guar gum), spices, sorbates,
benzoates, and aroma enhancers (Bjorkroth, 20@hn@rcial marination practices rely
primarily on salt-water and phosphate formulatiaéch increase tenderness, juiciness,
and yield with current applications including injea technology, immersion, and
vacuum tumbling (Alvarado & Mckee, 2007). A varietfyspices and spice extracts are
utilized in the industry to cater to specific flayarofiles and preferences. Marinated meat
products, particularly poultry products, repressegrowing segment of the food industry
on a global scale. Yogurt is gaining attention @a®ssible marinade ingredient as it has
shown 2 log reductions @ampylobacter jguni on pork medallions (Birk & Knochel,
2009). Studies indicate that marinade sauces prévergrowth of spoilage organisms
based on a low pH, high salt concentration, sogsoanel benzoates, and various spices
(Bjorkroth, 2005). Studies have shown marinadek waprika, garlic, coriander, salt
(NaCl), and sodium phosphates have been effectiveducing survival of
Campylobacter cells (Perko-Makela, Koljonen, Miettinen, & Hannme000). Teriyaki

marinades are typically thick and highly acidic saiwith powdered onion, garlic,
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spices, and powdered soy sauce as the dominaetiegts which may contribute to its
bactericidal activity (Pathania et al., 2010).

One study used three strafiiteidelberg, Typhimurium, and Senftenberg) to
determine the effect of commercially availableytaki and lemon pepper marinades on
the survival ofSalmonella (Pathania et al., 2010). Teriyaki and lemon peppatinades
were inoculated with nalidixic acid resisté8a monella, homogenized, and divided into
aliquots. Aliquots were then stored at 4 or 25°Cujp to 32 hours. Serial dilutions were
performed and plated onto XLT4 agar. Non-inoculakguots of each marinade served
as the negative controls. Both teriyaki and lemepger marinades showed reduction of
Salmonella spp. during the 32 hour storage period with greaeéuctions observed in
marinades maintained at 4°C (Pathania et al., 2@0Yival populations were lower in
the teriyaki marinade compared to the lemon peppeugh no differences in growth
patterns of the three strains were observed (Patleaal., 2010). The pH of lemon
pepper marinade was less acidic compared to tiyakewith oils of lemon, ground
black pepper, and lemon peel granules as its pyimgredients (Pathania, McKee,
Bilgili, & Singh, 2010). Other researchers havei@ated that Gram positive bacteria are
more sensitive to citrus essential ons/itro than Gram negative bacteria (Fisher &
Phillips, 2006). Additional reports indicate a heglactivity of orange, lemon, grapefruit,
and mandarin citrus oils and their derivativesitro (Dabbah, Edwards, & Moats,
1970).

As shown by these previous studies, marinatiorthapotential to increase the
shelf life of meat and poultry products as one ttfermal intervention technology. It can

enhance the safety and quality of meat and popftrgucts by acting as an additional
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hurdle for the bacterial growth while simultanegusghproving flavor, juiciness, and

convenience (Pathania et al., 2010).

Meat Quality Evaluation

Sensory Evaluation

The meat industry relies on a combination of teghes to determine product
shelf life. These techniques include aerobic ptatents, anaerobic plate counts, color
evaluation, and sensory evaluation. Sensory evaluet a set of techniques for accurate
measurement of human responses to foods which mziesnpotential bias effects
(Lawless, 2010). Sensory evaluation is importartheomeat industry because it helps
relate consumer perceptions to the quality of teathproduct. Sensory can be defined as
a scientific method to evoke, measure, analyzejrgedoret responses to products as
perceived by the senses: sight, touch, smell,,tastésound (Lawless, 2010). Panel
preparation includes decisions about environmemhber of sessions, and physical
condition of the samples (AMSA, 1995). The validifythe sensory panel is dependent
upon the control of various factors within thetiteg environment (AMSA, 1995). The
specific parameters measured during a sensorya@iypanel are selected by the
individual organizing the panel and are designeain®wer a specific research question
about the product. Trained sensory panels aretoseéntity and quantify specific
parameters.

In situations where cookery method or treatment oragte variation in color, red
filtered lights are necessary to provide uniforrd adequate lighting (AMSA, 1995).

Panelists are provided a standardized amount &f &aople and an evaluation form with

33



a numerical scale for responses. Samples arermaldvarmer to maintain the appropriate
temperature for tasting and are presented to @l a randomized design (AMSA,
1995). The number of samples presented during eacél should be managed to prevent
panelist fatigue but also should be a functionroflpct characteristics, experience of the
panelists, and number of attributes to be meagueedample (AMSA, 1995).

Panelists are recruited and trained prior to timssey panel. Objectives of
training are to: 1) familiarize the individual witbst procedures, 2) improve an
individual’s ability to recognize and identify semg attributes, and 3) improve an
individual’'s sensitivity and memory, permitting pige and consistent sensory judgments
(AMSA, 1995). Numerous decisions must be made poidhe panel. Some decisions
include the amount of sample panelists will receifveamples are to be swallowed,
rinsing should be standardized, and the temperafittee water provided should be
standardized (AMSA, 1995). Unsalted crackers magrbeided for panelists when
considerable aftertaste is present in the samptegever, caution should be exerted as
the mouth feel may be impacted (AMSA, 1995). Duttiragning, panelists are provided
reference samples along with a corresponding $oorach parameter such as
tenderness, juiciness, flavor intensity, and arartensity. Additional parameters which
may be evaluated in a sensory panel include irigradierness, initial juiciness, sustained
tenderness, sustained juiciness, flavor intenartyma intensity, off flavor intensity, and
off flavor descriptors. Panelists provide a numariesponse corresponding with the

provided scale; these responses are then analiatestically.
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One of the most important factors consumers evalvaen selecting meat is
color because the consumer associates color wéltyg(Carpenter, Cornforth, &
Whittier, 2001). The color of meat is determinedninyoglobin which is the red pigment
in meat. A prescribed color is expected from vagimeat types: a bright, cherry — red
from beef, a gray — pink from pork, and a whiteirkdrom poultry. Consumers rely on
the eye to evaluate color while researchers usaimental colorimeters to objectively
evaluate color. The AMSA Meat Color Measurementdglines are a comprehensive
review of meat color measurements (Hunt, 2012efBriinstrumental color is expressed
in three dimensional terms using the CIE L* a* loake. a* values cover the X axis, b*
values cover the Y axis, and L* values cover thexis (Hunt, 2012). A visual depiction
of the color scale has been provided in Figurehk denter of the color scale is neutral
gray. Positive a* values represent red and negatiwalues represent green. Similarly,
positive b* values represent yellow and negativerdities represent blue. The scale for
L* is somewhat different in that a value of 100ne@nts white while a value of 0
represents black. The L* scale is used to deterthi@elarkness or lightness of the
sample. Meat color, as well as the expectatiom@ftcblor, is adjusted when the meat is
marinated. It is expected that the meat color belichanged to reflect the color properties
of the marinade. Thus, dark marinades, such asaage based marinades, will alter the
color of the meat such that it is darker, more tike marinade. If a lighter colored
marinade is chosen, Italian dressing for exampkemeat will appear lighter on the
surface. Consumers evaluate the visual appeaksétbolor changes while a colorimeter

objectively detects differences.
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Detection and Enumeration of Bacteria

Detection and enumeration of food associated pathodyacteria is complicated
by emerging strains which are not routinely encerted and may have an unclear
transmission route (Mead et al., 1999). Additionaligh throughput screening of a
diverse array of fresh and processed foods reqthedgood safety practices be dynamic,
sensitive, specific, versatile, and cost effectarelarge numbers of samples (Gracias &
McKillip, 2004). No single method or assay for cu# based techniques optimally
addresses these criteria. Molecular approachestbffecapacity for near-time or real-
time detection of bacteria and are rapid, sensiine specific for target pathogens or the
virulence determinants of that pathogen (Feng, 2B@pens & Herman, 2002; Smith,
O'Connor, Glennon, & Maher, 2000). Despite theseathges of molecular techniques,
their adoption into food microbiology laboratorisd scale up in food processing
facilities may be limited due to concerns of reli#p cost, and novelty; thus many
laboratories will be obligated to rely on traditadtechniques (Jaykus, 2003). The
premise of these methods is the recovery and eratimerof viable bacteria in the food
matrix. Food microbiology laboratories which laccessary resources to utilize
emerging molecular based technologies rely on nustsach as the standard plate count
(SPC) and selective/differential media for bactasalation and enumeration in addition
to commercially available biochemical profiling ss1s for identification of specific
food isolates (Gracias & McKillip, 2004). Novel detion and enumeration techniques
are continually reported and, while the majorityalve molecular biological approaches,

many remain classified as conventional (Gracias &Mip, 2004).
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Standard Plate Counts and Relevant Variations

Traditionally, detection of viable bacteria is foemed by culturing or measuring
growth of individual microorganisms. Hundreds ottestiological media are commonly
utilized in the food industry and are uniquely apglto best monitor for spoilage and
pathogenic bacteria in food (Harrigan, 1998). Séadgblate counts (SPC) or aerobic
plate counts (APC) are accomplished through useuine nonselective media such as
trypticase soy agar or standard methods agar.

The sensitivity of SPCs can be increased withaghi@ication of a selective agar
overlay which is designed to recover a larger propo of bacteria from food matrices,
compared to straight plating onto selective meiggwing sublethal stressors during
processing such as heat, cold, acid, or osmoticksfidarrigan, 1998; Speck, Ray, &
Read, 1975). Detection of sublethally damaged \ile pathogenic bacteria is of dire
importance to the food industry as these cells amayinue to pose a threat to human
health. The selective agar overlay aides in retatgmn of damaged but viable cells. The
technique is to pour-plate the inoculum with a dager of trypticase soy agar, or
comparable nonselective media, and incubate fohaws. The incubation allows
sublethally damaged bacteria to recover and begwigg prior to the application of an
appropriate selective media overlay (Hurst, 197a4,R986). This technique has been
proven effective with a variety of bacteria inclngEi. coli, Salmonella, Listeria
monocytogenes, Bacillus cereus, and Staphylococcus areus (Golden, Beuchat, &
Brackett, 1988; Hajmeer, Fung, Marsden, & Millik@®01; Hara-Kudo et al., 2000;
Kang & Fung, 1999, 2000; Kang & Siragusa, 1999; danal., 2014; McKillip, 2001;

Sandel, Wu, & Mckillip, 2003; Wu, Fung, & Kang, 2D0
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Another strategy to increase the numbers of dachbgeviable target bacteria to
detectable levels is to perform a pre-enrichmertheffood sample (Zhao & Doyle,
2001). The primary disadvantage of pre-enrichmethat, depending upon the food
being analyzed, it may require an additional 8-@4rh prior to enumeration or detection.
Enrichment in the appropriate selective media cald ylensities of at least 4 log of heat-
damaged pathogens, confirming the presence ofati®gen (Zhao & Doyle, 2001).
Despite the familiarity, ease of use, and low cassay sensitivity is lacking in
comparison to molecular-based applications sugiobsnerase chain reaction, and the
time required to obtain data omits inclusion asagpitd method” (Gracias & McKillip,
2004).

Immunomagnetic separation (IMS) employs the usentibodies linked to
magnetic beads placed in food slurry and alloweadt&ract with specific epitopes on the
cell surface of the bacteria. The material is erpd® a magnetic field, essentially
pulling the bacteria out of suspension for platimgnolecular-based detection and
enumeration (Jinneman et al., 1995; Tomoyasu, 1@®@)abead?’ (Dynal Botech,

Oslo, Norway) has been effective for isolation atipgenid.. monocytogenes, E. coli
0157:H7, andsalmonella spp. (Chandler et al., 2001; Hsih & Tsen, 2001; $tung Lake,
Savill, Scholes, & McCormick, 2001; Ogden, Hepbu&rylacRae, 2001).

An array of chromogenic and fluorogenic culturedméhave been developed for
selective isolation and differentiation of food @gated pathogens. Enzyme or substrate
inclusion into selective media may eliminate orexkpe follow-up biochemical
confirmation of bacterial identity. Fluorogenic gnze substrates consist of a fluorogen

conjugated to a sugar or amino acid (Manafi, 12060). One commonly utilized for
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coliforms, includingg. coli O157:H7, is methylumbelliferyl. A blue fluorescerise
observed when suspect colonies are exposed toNamg-ultraviolet light following
cleaving by enzymes produced from specific targeties (Alonso, Soriano, Carbajo,
Amoros, & Garelick, 1999; Alonso, Soriano, Amoré&sk-errus, 1998; Berg & Fiksdal,
1988). Virtually all coliforms are positive for tieethylumbelliferyl-D-glucoronase
enzyme, with the exception of enterohemorrh&gicoli O157:H7 (Hartman, 1992).
Although additional steps are required, this detton is important for determining the
presence of enterohemorrhagiccoli O157:H7 in water and food samples (Bettelheim,
1998; Manafi, 2000).

Dry plate culturing, such as the 3M Petrifilm puot is another widely utilized
means to assess microbiological quality of a deveamge of foods for coliforms, aerobic
mesophilic bacteria, psychrotrophs, and staphylcg@tackburn, Baylis, & Petitt, 1996;
Ellis & Meldrum, 2002; Linton, Eisel, & Muriana, 99; Silbernagel & Lindberg, 2001).
Multiple layers of a plastic film encase a dehyddatlisc of the appropriate medium. A
single sheet of plastic is pulled back, asepticahd 1 mL of inoculum is applied to
rehydrate the medium while the film is replaced preksed flat. Dry media culture
plating techniques have been applied to predidhmdf life and monitoring the
microbiological quality of milk and to assessingfage contamination of meat and
poultry (Erdmann, Dickson, & Grant, 2002; Guthideinlop, & Saunders, 1994; Hughes
& Sutherland, 1987; Park, Seo, Ahn, Yoo, & Kim, 20@hillips & Griffiths, 1990).
Additionally, dry plate culturing is an approved tmad of quality control in food
microbiology. Petrifilm plates are small, conveniér large sample sizes, and are

common in quality control laboratories. Though theguire less incubator space than
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other methods, Petrifilm plates have the sameditnoihs of SPCs in terms of poor
sensitivity and likelihood of false negative resutom sublethally injured yet viable

bacteria (Gracias & McKillip, 2004).

Immunoassays

The enzyme linked immunosorbent assay (ELISA) maily offers greater
specificity compared to SPC due to the interadtietween the antibody and the target
molecule (Gracias & McKillip, 2004). A suspect sdenis added to wells in a microtiter
plate containing a primary antibody with specifidior the target molecule. The target
molecule may be a component of the pathogen, ssialcall or flagellar antigen, or a
product of the bacteria, such as an enterotoxingidtans & Wernars, 1991). An
incubation step is performed, after which unbourademal is washed away and a
secondary antibody is added to “sandwich” the amtigetween two antibodies. A second
rinse is performed and the assay is then develppethe conjugate or tag bound to the
secondary antibody. ELISA has been used to detiecteacell antigen targets or products
for Salmonella spp.,E. coli O157:H7,Campylobacter spp.,B. cereus, andL.
monocytogenes, among other pathogens (Bolton, Sails, Fox, WgrenGreenway,

2002; Chen, Ding, & Chang, 2001; Daly, Collier, &¥e, 2002; De Paula, Gelli,
Landgraf, Destro, & Franco, 2002; Peplow, Correiadnt, Stebbins, Jones, & Davies,
1999; Valdivieso-Garcia, Riche, Abubakar, Wadd®IBrooks, 2001; Yeh, Tsai, Chen,
& Liao, 2002). ELISA is automatable and is convani®r large sample sizes; however,
they may lack the desired sensitivity with a typigatection limit of 10 CFU/mL,

depending on the food being analyzed (Cox, 1987tnkn, 1992).
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Polymerase Chain Reaction

Polymerase chain reaction (PCR) is a techniquewiBicseful to determine the
origin of foodborne iliness outbreaks by analyZlgA of pathogenic strains of bacteria.
Presence of the shiga toxinstx() and shiga toxin Zix2) genes indicate the presence of
potentially pathogenic STEC. Polymerase chain r@a¢PCR) is used to test for the
presence of these genes. PCR amplifies a lendiiNéf millions of times during a
relatively short time period. A thermo-cycler pregses through various temperatures for
predetermined times to create the environment sacg$or amplification. The machine
will first increase the temperature to approxima@$°C to denature DNA strands into
single-stranded DNA chains. The machine will theardase the temperature to
approximately 60°C to allow the primers, one fordvand one reverse, to anneal to the
complimentary length of base pairs on the strafd®\A. Annealing temperature is
critical to the process of PCR. If the temperatiuang the annealing step is too high or
too low, primers will lose specificity or not birad all (Bartlett, 2003). Specificity of
primers varies as does the melting temperaturet, Niextemperature will be increased to
72°C for at least one minute. This step allowsTihg polymerase to bind each priming
site and extend or synthesize a new strand of DINW&.thermo-cycler then increases the
temperature, beginning the process again. Geng8llgycles are required to generate
sufficient copies of the DNA, although additiongtles may be included.

DNA for PCR must first be extracted from cells. Kiple methods exist for DNA
extraction with varying expense and success obetitm. A simple and cost effective

method is to boil the cell suspension in watertéor minutes (Wasilenko et al., 2012).
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Using a TE buffer method produces a lower cycleghold value, indicating strong
positive reactions. Both boiling and TE buffer aceeptable techniques for extracting
DNA for PCR when considering cost and quality afrazted DNA (Wasilenko et al.,
2012). Reliable rapid detection methods for idgmid STEC strains are currently being
researched (Fratamico, DebRoy, Miyamoto, & Liu, 20PCR has become a standard
technique in microbiology and food safety labor&®rusing amplification of known
virulent genes to test for presence of certainqghs stx-positive andstx-negative
versions of bacteria may exist within a single sgre (Fratamico et al., 200%x genes
are of primary interest to researchers due to ttepacity to cause human illness.
However, some researchers are interestedarandwxy gene primers. These primers
are O-antigen gene clusters specific to the antagehare useful for identifying
individual O serogroups (Wang et al., 2010). Wixz andwxy gene primers are more
useful when identifying a specific, known serogravithin a material (Wang et al.,

2010).

Pulse Field Gel Electrophoresis

Pulse field gel electrophoresis (PFGE), in additm®PCR, is a widely utilized
technique to identify contamination sources. PF&&milar to gel electrophoresis and is
used to separate large DNA pieces in an agaroseajeli. The unique aspect of PFGE
is that the voltage path is altered and conductelree different directions while the
DNA continues along the central axis of the gelmrapulling apart larger DNA
fragments. Restriction enzymes used in preparatidine DNA cut it at restriction sites

resulting in fragments. The fragments are loaded tire agarose gel and are pulled apart
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by electrophoresis over a period of hours. Afterd¢lectrophoresis is complete, larger
DNA fragments will be in the top portion of the gdhile the smaller fragments will be
located in the bottom portion. PFGE is frequentgdito compare strains of the same
serogroup, such that if the strains are identloalresult would be two identical gels.
PFGE can also be used to compare the genetic sisnibé pathogenic outbreak strains to
farm strains (Miko et al., 2013). This allows pajbaic strains to be traced to the point of
origination. PFGE can serve as the evidence taiait recall of meat products from the

market due to contamination.

Summary and Conclusions

The United States has the safest food supplyamitrld; however, consumers
continually demand safer products. The meat inglhesintinues to meet these demands
through technological advancements and developofgrbcessing aides. Thermal
processing, refrigeration, freezing, vacuum paakggand modified atmospheric
packaging are current and viable strategies to taaiand enhance the safety of meat
and meat products. Topical applications of orgaeids, specifically lactic and acetic
acids, effectively inhibits growth of pathogeniatexria on the surface of the carcass. The
decrease in pH at the surface of the carcass dihe tpplication of organic acids is the
primary effect of the inhibition of pathogen growiPespite the inhibitory effect of
organic acids, new technologies are being develagech are more inhibitory and more
cost effective.

Emerging scientific research suggests the appticaif antimicrobial solutions

may be a viable, cost effective, and value addisimategy. This is an area of food safety
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research which is gaining much attention. Antimiicab solutions address food safety
concerns while simultaneously creating potentialdd value to the product through
increased juiciness and tenderness. This is dismdie technology as antimicrobial
solutions may be incorporated as an ingredientanmades, thus adding flavor to the
product as well. Based on currently available ditere, multiple antimicrobial solutions
are being developed, each with unique applicatatergial. With consumers and
companies moving toward clean and green labelicpkar focus will be on those
antimicrobial solutions which meet natural labelreguirements. Compounds with
natural antimicrobial properties are currently gagnmuch attention in research and
industry settings. Nisin, chitosan, acetic acidtitaacid, and lauric arginate ester will
likely continue to gain attention as applicatioasrheat products are developed.
Marination of meat and meat products is one wayhicth the consumer can
obtain a more convenient and value-added produatindtion can extend the shelf life
of the product, inhibit growth of pathogenic baeand improve tenderness, juiciness,
and flavor. Marinades can be selected based omaste preferences of the individual or
family for whom the product is intended. Marinadasich like recipes, can also be
created or altered such that new ingredients magdbeded. This is one unique
application of antimicrobial solutions for meat guats. In addition to inhibition of
growth of pathogenic bacteria, antimicrobial sauos incorporated into marinades may
enhance flavor development and improve tendernasguiciness of the product. When
applied to beef and poultry, an antimicrobial made could severely inhibit growth of
pathogenic bacteria such Bscoli, Salmonella, andListeria monocytogenes while

simultaneously creating a product which is moreveoirent and flavorful for consumers.
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As with all new technology, the full inhibitory eftts of the antimicrobial
solution against pathogens of concern in meat tmeiglvaluated. Antimicrobial solution
efficacy against pathogens of concern must firsddtermined. The optimal
concentration of the antimicrobial for pathogeniloion must then be identified.
Ideally, the optimal concentration would be lowgisihat the solution could be
incorporated into a product batter or into a matenwithout any perceived off flavors or
odors. Application techniques must also be evatldftepical spray application and
incorporation as a batter or marinade ingredieat&p potential application strategies.
With a spray application, additional equipment rbayrequired and should be tested to
ensure compatibility with current industry pracic©nce the inhibitory effects of the
solution have been confirmed and the optimal cotmaBans and application strategies
identified, the incorporation of an antimicrobialtion can be implemented.

It is reasonable to assume that some pathogeniertzacells would survive after
the application of antimicrobial solutions. In atifoh to traditional detection techniques,
the new molecular techniques, such as PCR and PKBBpt only help to confirm the
survival of those inoculated pathogens, but alscetthe source of the contamination.
However, one challenge exists with the applicatibthese molecular techniques in
studies such as antimicrobial treatment evaluaiite. question of “how to better extract
the DNA from the inoculated and antimicrobial teshsamples” must be answered.

Novel antimicrobial solutions are currently beireydloped and are gaining much
attention (Guo, Jin, Scullen, & Sommers, 2013; Gluo, Geveke, et al., 2014; M. Guo,
Jin, Wang, et al., 2014). One novel solution contey acetic acid, lactic acid, levulinic

acid, lauric arginate ester, nisin, and chitosaof jgarticular interest as all components
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have achieved GRAS status and potentially clagsfgatural. In combination, these
ingredients would create low pH solution which wbsignificantly inhibit growth of

pathogenic bacteria.

Research Objectives

The meat industry utilizes a variety of antimicmlsolutions for reducing
pathogenic contamination of meat and meat prod@gtmizing the use of existing
antimicrobial solutions and identifying emergindiamcrobial solutions may decrease
foodborne pathogenic bacteria. Identifying crossefional applications and solutions
which can be implemented in the meat industry mgyove the safety of the meat
supply. Additionally, these applications and salnf may be extended to other food
types which will reduce foodborne pathogenic baaterthose foods as well as further
improve the safety of the food supply. Researchetise USDA Agriculture Research
Service have developed a novel antimicrobial sotu(AMS) which has yielded
promising results against pathogenic bacteria (&wd., 2013; Guo, Jin, Wang, et al.,
2014). Thus, the objectives of this research addtesefficacy of the AMS and potential
applications in the meat industry.

The objective of the first studywas multifaceted. The first objective was to
determine differences in survivability of pathogefgoncern grown in broth or on
plates.E. coli (Gram negative) andisteria monocytogenes (Gram positive) were
selected for this portion of the study. Culturesevgrown in tryptic soy broth (TSB) or
on plate count agar (PCA) plates; the survivabditghe two growth mediums was then

compared. The broth grown cultures were selecteth®remaining portion of this study
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as well as future studies as this method showetlssisurvivability compared to PCA
plates and offered a more time and resource affi¢echnique.

Once the survivability was determined, our objexdiwere: 1) to determine the
effectiveness of the AMS at inhibiting pathogenvgito on inoculated meat samples, and
2) to determine the optimal concentration of thenaicrobial solution. The AMS was
applied to the surface of the meat samples atla(stgck), medium (1:5 dilution), and
low (1:10) dilution. Distilled water was used as tiluent for the medium and low
concentrations of the AMS as well as the contrbe edium concentration of the AMS
was chosen for further studies because it wasotiedt concentration with the most
consistent inhibition of pathogen growth. Top rolosef samples were inoculated with
one of four pathogen cocktails and allowed 30 n@awf contact time prior to
application of the assigned antimicrobial concdmiratreatment. Samples were then
stored at 4°C for 0, 6, 24, or 48 hours.

The objective of the second studwas to determine the effectiveness of three
retail marinades at inhibiting pathogen growth moculated meat samples. Marinades
chosen were: 1) Ken’s Steakhouse Marinade & Sd&eaisamic & Roasted Onion, 2) KC
Masterpiece 30 Minute Marinade, California Stylerian & Cracked Pepper, and 3) KC
Masterpiece 30 Minute Marinade, Classic Steakhodisdottles of marinade were
obtained from the local Publix Super Market locat{@uburn, AL) and were selected
based on market and food trends in early 2014.Aguhe course of this research, the
balsamic and roasted onion marinade was discomtimuihe area. As a result, this
marinade was removed from later studies due tdattieof availability in the area and

the similar pH and performance of the classic dteake marinade. Top round beef
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samples were inoculated with one of four pathogakiails and allowed 30 minutes of
contact time prior to application of the assigneatimade. Samples were then stored at
4°C for 0, 6, 24, or 48 hours.

The objective of the third studywas multifaceted. The first objective was to
determine the effectiveness of the marinade condbvth the AMS at inhibiting
pathogen growth on inoculated meat samples. The MslSprepared and mixed with
the marinade prior to application to the meat. fiteglium concentration (1:5 dilution) of
the AMS was chosen due to the consistent inhibiopathogen growth. The marinade
served as the diluent for the AMS. Top round beefiges were inoculated with one of
four pathogen cocktails and allowed 30 minutesooitact time prior to application of the
assigned marinade + AMS treatment. Samples werestioeed at 4°C for O, 6, 24, or 48
hours.

The second objective was: 1) to determine if paghsgsurvive following
application of the marinade + AMS, and 2) to detamwhat genetic markers are present
which may allow pathogens to survive. Samples \peepared for polymerase chain
reaction to amplify DNA extracted from the pathogerells. PFGE was then used to
separate the genetic material, in the form of Dggments, based on size. Gels were
then compared to determine similarity in geneti¢enal of surviving pathogens.

The objective of the fourth studywas also multifaceted. The first objective was
to identify and quantify any organoleptic (sensatgjibutes which may be perceived by
consumers when this AMS is incorporated into ailretarinade. Un-inoculated one inch
thick top round beef steaks were prepared and etadnn Ziploc bags with water, water

+ AMS, or one of the two marinade + AMS combinasidor O, 6, 24, or 48 hours. The
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AMS was prepared and diluted with water or the nwades prior to application to the
meat. The medium concentration (1:5 dilution) & AMS was chosen due to the
consistent inhibition of pathogen growth as weltascerns about the high concentration
overwhelming the marinade flavor.

The second objective was to objectively evaluateratifferences in steaks
marinated 0, 6, 24, or 48 hours in water only, wat&AMS, lemon-pepper marinade +
AMS, or classic steakhouse marinade + AMS. One thidk top round beef steaks were
prepared and marinated in Ziploc bags for the assigreatment and time combination.
Steaks were not inoculated, as they were consumedrsory panelists. Three steaks
were prepared for each time and treatment combma#i colorimeter was used to

measure color on each of the three steaks.
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Table 1: Selected intrinsic factors affecting growt pathogens of concern in beef.

Microorganism ay values for | pH values for growth Temperatures for growth
growth (°C)
Min. | Opt. Min. Opt. Max. | Min. Opt. Max.
Escherichia cali 0.96| 0.99 3.7 6.0-7.0 9.2 7 35-40 46
Salmonella spp. 0.94| 0.99 4.2 7.0-75 9.5b 5 35-37 45-
Listeria 0.92 4.2 7.0 9.8 0 30-37 45
monocytogenes

Adapted from: Jay, J.M.,

Microbiology. New York: Springer.

Loessner, M.J., & Goldem. (2006). Chapter lodern Food

Minimum (Min.), Optimal (Opt.), and Maximum (Maxkhown values are presented.
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Table 2: Strains of microorganisms used in cocktail

Microorganism ATCC number or Source
ID Code

Escherichia coli O157:H7 ATCC 35150 Human — HC
Escherichia coli O157:H7 ATCC 43894* Human — HC
Escherichia coli O157:H7 AU -1 Laboratory Strain (301)
Escherichia coli O157:H7 AU -2 Laboratory Strain (505B)
Escherichia coli O157:H7 AU -3 Laboratory Strain
Non-O157:H7 STEC (0145) TWO09356 Human - HUS
Non-0157:H7 STEC (026) TWO7814 Human — HUS
Non-O157:H7 STEC (0121) TWO8039 Human
Non-0O157:H7 STEC (045) TWO14003 Human
Non-0157:H7 STEC (0111) TWO7926 Human — HC
Non-O157:H7 STEC (0103) TWO08101 Human

Salmonélla

AU — Enteritidis

Laboratory Strain

Salmonella AU — Kentucky Laboratory Strain

Salmonella AU — Montevideo | Laboratory Strain

Salmonella AU — Thompson Laboratory Strain

Salmonella AU — Stanley Laboratory Strain

Listeria monocytogenes ATCC 49594 Petite Scott A

Listeria monocytogenes ATCC 19115 Human — Serotype 4b

Listeria monocytogenes ATCC 7644* Human

Listeria monocytogenes AU -4 Laboratory Strain (101M serotype 4b
Listeria monocytogenes AU -5 Laboratory Strain (108M serotype 1/2

*Indicates strains used for Experiment 1: Optimunov@h Medium which is detailed in Chapter

2.
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Figure 1: Color scale for CIE L*a*b* color space.
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LI:
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Figure 1z Black

Figure 1b.

Figures adapted from AMSA Meat Color Measuremerniti@ines (Hunt, 2012) and
www.lump.co/lab-color-space
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CHAPTER II: Evaluation a Novel Antimicrobial Soluti on (AMS) against Pathogens

of Concern on Fresh Beef
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Abstract

Pathogenic bacteria represent a public health congben present on meat and
meat products. Numerous strategies and technoldgieseducing and preventing
contamination by pathogenic bacteria have beenuated and applied. A novel
antimicrobial solution (AMS) has been developedgssRAS ingredients with potential
antimicrobial properties. The objective of thisdstwas to 1) determine survivability of
pathogens of concern grown in broth or on platg$o 2letermine the effect of the novel
AMS on growth of pathogens inoculated on meat sasjpand 3) to determine the
optimal concentration of the antimicrobial solutiétathogens were individually cultured
in sterile tryptic soy broth (TSB) tubes or on plabunt agar (PCA) plates. Broth grown
cells were then harvested by centrifugation whiktg grown cells were harvested by
first pipetting 1 mL 0.1% peptone onto the plateface, followed by gentle scraping
motions to remove the cells from the plate, ana thentrifugation. Pathogens grown in
broth and on plates had similar survivability wheaculated onto the surface of beef top
round steaksR=0.31). Based on the similar survivability, brottown cultures were
selected for the remainder of the study. The AMS pr@pared at Auburn University and
was then diluted to high (stock), medium (1.5 ddnj, and low (1:10 dilution)
concentrations using distilled water as the solvénstilled water also served as the
control treatment. Thirty milliliters of the assgph concentration was applied to
inoculated meat samples. Samples were placed itess¢éomacher bags and stored at
4°C until 0, 6, 24, or 48 hour sampling. The AM3iibited the growth of pathogenic
bacteria on fresh beef top round stedks0(0001) at all concentrations evaluated. As the

concentration of the AMS increased, so did thehitbiy capacity P<0.0001). The low
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concentration was less inhibitory than the high aradlium concentrations, but was more
inhibitory than the water control. This novel antmobial solution (AMS) showed

antimicrobial effect and has great application pbé& for the meat industry.
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Introduction

Foodborne illnesses create a concern for publetysaAlthough the United States
has the safest food supply in the world, consurc@nsinue to demand safer products
free from pathogenic contamination. The meat ingushost notably the beef and
poultry industries, is particularly involved in ezgch and development of strategies to
produce safer products. Pathogens of concern ohandaneat products commonly
includeEscherichia coli, Salmonella spp., and.isteria monocytogenes.

Escherichia coli (E. coli) is a part of the normal microflora of the inteslitract
of most warm-blooded mammals, including humans {Madr998). As few as 10 to 100
cells are required as an infectious dose of enéenainrhagice. coli (EHEC) (Nester,
2001). Non- O157:H7 serotypes, the “big six” shigein producingkt. coli (STECS),
associated with human iliness are 026, 045, 0103100121, and 0145 (Brooks et
al., 2005).Salmonella are commonly present in the environment and inrttestinal tract
of warm-blooded animal&almonella are an important human pathogen associated with
meat, particularly poultry and poultry productsy@n, 1995)Listeria monocytogenes is
ubiquitous in the environment (Marth, 1998) anlriswn to be salt and cold tolerant
(Scallan, 2011). The infectious dose is not knoalthough estimations indicate it to be
fewer than 1,000 cells. Individuals with comprondis&mune systems, including
newborns, the elderly, pregnant women, and immum@comised individuals are most
susceptible to listeriosis (Marth, 1998; Morey, ®Breer, Singh, & McKee, 2012).
Symptoms may be similar f&. coli, Salmonella, andListeria monocytogenesilinesses
and include abdominal cramps, vomiting, diarrheaef, headache, and an overall

feeling of exhaustion (D'Aoust, 1991a, 1991b; Nes2601).

69



Evidence suggests the use of topical treatmentsféeetive againsk. coli,
Salmonella spp., and.. monocytogenes (Avery, 1997; Gao, Zhu, & Zhang, 2013; Guo,
Jin, Wang, Scullen, & Sommers, 2014; Huffman, 20@2ani-Lopez, 2012; Mattick &
Hirsch, 1947; Podolak, 1995a, 1995b; Ruckman, Rayata, Borzelleca, & Sandusky,
2004; Theron, 2007; Yoder et al., 2012). Some efahtimicrobial compounds which are
being developed for food applications include catm, nisin, and lauric arginate ester in
addition to compounds such as lactic and acetat\@hich have been widely utilized in
the meat industry for decades.

Lactic acid is “Generally Recognized As Safe” (GRAas a food additive and is
commonly used in the meat industry as a hot carmass (Huffman, 2002). It has been
used to decontaminate red meat carcasses at coataerd of 1-2% without negatively
impacting meat quality (Theron, 2007). Lactic aardl other organic acids elicit
bactericidal and bacteriostatic affects by redutimegpH of the substrate to a lower level
than the intracellular pH, thus disrupting the ceimbrane (Chung, 1991). Post-
processing spray and dip applications of lactid deive effectively reducdad
monocytogenes (Theron, 2007)E. coli 0157:H7 andsalmonella Typhimurium (Yoder et
al., 2012). Similarly, acetic acid, another GRA8aoric acid, is utilized in dairy and meat
products to target yeast and bacteria growth (Mapiez, 2012). Acetic acid has been
shown to reduce growth of pathogenic bacteria an leeef muscle over time (Podolak,
1995a, 1995b). Acetic acid and other organic a@dsknown to be more effective
inhibitors of pathogen growth than hot water, thotige discoloration and off odor
properties associated with acetic acid in particwlid determine the concentration(s)

which should be utilized (Sun & Holley, 2012). Tlybulactic and acetic acids have
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inhibitory effects on pathogen growth, emergingraiarobial compounds may offer
additional inhibitory capabilities when used in damation with organic acids.

Lauric arginate ester (LAE) is GRAS, is verifiedmaxic, and is metabolized to
naturally occurring amino acids following consurept{Ruckman et al., 2004). Itis a
derivative of lauric acid, L-arginine, and ethaiang et al., 2014; Ruckman et al.,
2004). LAE causes membrane disruption and distwdoahvital cell functions
(Rodriguez, Seguer, Rocabayera, & Manresa, 200 application in food packaging
films has been performed in combination with chatogGuo, Jin, Scullen, & Sommers,
2013; Guo et al., 2014). Chitosan is a natural pelyobtained by deacetylation of chitin,
the primary component of crustacean shells. Chitesaerified nontoxic, biodegradable,
and biocompatible (Guo et al., 2014). Althoughdhémicrobial mechanism of chitosan
remains unclear, it is thought to involve disruptaf the cell membrane as a result of the
association between positively charged amino gredijghitosan and negatively charged
anions on the surface of bacteria (Friedman & Jyri)10). At least one study has
evaluated the combined effects of LAE, chitosau, raisin in a food packaging
application (Guo et al., 2014).

Nisin is a well known bacteriocin produced by cerstrains ofLactobacillus
lactis subspecietactis. Nisin has also achieved GRAS status and stu@es proven the
effectiveness of nisin against a wide range of Gpasitive bacteria, including.
monocytogenes and spore formers, as well as Gram negative badf@elves-Broughton,
Blackburn, Evans, & Hugenholtz, 1996; Henning, )9&udies on the application of

nisin have been conducted for decades on dairpesassed foods (Delves-Broughton
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et al., 1996) with recent focus on the applicatmfresh meat and poultry (Avery, 1997;
Gonzalez-Fandos & Dominguez, 2006).

The known inhibitory effect of these compounds usiedularly suggests that a
combination would produce improved inhibitory etf2cA novel antimicrobial solution
(AMS) containing acetic acid, lactic acid, levu@racid, LAE, and chitosan has been
developed with potential application to meats. Theent study sought to determine the
effects of this novel AMS against pathogens of eonon fresh beef top round steaks.
Thus, our objectives were multifaceted. The fitlgjective was to determine differences
in survivability of pathogens of concern grown ot or on plate<E. coli (Gram
negative) andListeria monocytogenes (Gram positive) were selected for this portion of
the study. The broth grown cultures were seleatedhie remaining portion of this study
as well as future studies as this method showeitssisurvivability compared to PCA
plates and offered a more time and resource effi¢echnique. Once the survivability
was determined, our objectives were: 1) to detegrtiie effectiveness of the AMS at
inhibiting pathogen growth on inoculated meat sasphnd 2) to determine the optimal

concentration of the AMS.

Materials and Methods

Experiment 1: Optimum Growth Medium

Culture Strains

Escherichia coli O157:H7 and.isteria monocytogenes were selected to represent
Gram negative and Gram positive bacteria, respagtiThe strains used for this portion

of the study are indicated by an asterisk in Tablall media was obtained from Neogen
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Corporation, (Lansing, Michigan) unless otherwitsgesd. Cultured microorganisms were
transferred individually into 9 mL sterile tryptsoy broth, vortexed (Labnet
International, Inc., Edison, New Jersey), and irata) (Jeio Tech, Inc., Des Plaines,
lllinois) at 37°C for 24 hours. Approximately 9 I&FU/mL culture suspensions were
produced following the overnight incubation and evesed for inoculation. Cultures
were centrifuged at 37°C with 3650 rpm for 20 maau(5810R Eppendorf, Hauppauge,
New York). The supernatant was discarded and wate gently washed then

resuspended in 0.1% peptone water (Becton DickiasonCompany, Sparks, Maryland).

Growth Medium Preparation

Sterile 9 mL tubes of tryptic soy broth and plabemt agar (Becton Dickinson
and Company, Sparks, Maryland) petri dishes wegpared according to manufacturer
directions. Tubes and plates were labeled=faoli or Listeria monocytogenes.

Following the 24 hour incubation of the cultureasts and preparation of the culture
cocktail, broth and plates were inoculated by pipgt100 pL of the culture cocktail into
the broth or onto the surface of the plate. Tubesewgently swirled and plate surfaces
were spread using an L-shaped disposable celldgrdWR International, LLC,
Radnor, Pennsylvania). Two PCA plates and one T®B were inoculated for each
cocktail; inoculations were performed in triplicaleibes and plates were then incubated
at 37°C for 24 hours.

Cells were harvested from TSB tubes by centrifugasit 37°C with 3650 rpm for
20 minutes. The supernatant was discarded andveetts gently washed with 0.1%

peptone then resuspended in 0.1% peptone watereshking cell suspension served as
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the “tube grown” inoculum. Cells were harvestedrfrBCA plates by pipetting 1 mL of
0.1% peptone onto the surface of the plate; aspefader and gentle circular, scraping
motions were used to harvest cultures from the sgidace. The cell suspension created
from this process was then pipetted into a tubelbmadght to a 9 mL volume with 0.1%
peptone water. The cell suspension was then caegédf at 37°C with 3650 rpm for 20
minutes. The supernatant was discarded and celts gemtly washed with 0.1% peptone
then resuspended in 0.1% peptone water. The negwléll suspension served as the
“plate grown” inoculum. Serial dilutions of eacloculum, broth and plate grown, were
performed in 9 mL tubes of 0.1% peptone and sunidated onto PCA plates; inoculum
tubes were held for use the following day. Cultlees were enumerated following 24
hours incubation at 37°C to determine number déd¢wrvested and inoculums were
diluted to 8 log CFU/mL as determined by a specat@m(Amersham Biosciences
Corporation, Piscataway, New Jersey) absorbancdengaf 0.60. Results are presented

in CFU/cnf.

Sample Preparation

Fresh beef top round steaks were fabricated dtdhebert Powell Meats
Laboratory at Auburn University without the useaotimicrobial solutions. Lean meat
samples were cut to 100 épieces. Each piece was individually inoculatedhwi®0 pL
of inoculum (either broth grown or plate grown) aiinwas then spread using a cell
spreader. Thirty minutes of contact time was alldfoe cell adhesion to the meat
surface. After the allowed contact time, samplesevetored in sterile stomacher bags

(Nasco Whirl-Pak, Fort Atkinson, Wisconsin) fora3, 48, or 72 hours.
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A modified plating technique using 0.1% peptones wialized (Podolak, 1995a).
One hundred mL of 0.1% peptone was added to eaehsample in stomacher bags
prior to stomaching for 2 minutes at 300 rpm (40&@ar Seward Medical, London,
England). Serial dilutions with 9 mL 0.1% peptonera/created and dilutions were
plated onto PCA plates. Plates were enumeratealfoly 24 hours of incubation at

37°C. Results are presented in CFUicm

Statistical Analysis

A completely randomized design was used to conitheste experiments. Each
experiment was conducted in triplicate with threglications performed in separate
weeks. All data were converted to {g@FU prior to performing statistical analysis. The
independent variables were treatment (growth mejitime, and pathogen/inoculum
level and logoCFU was the dependent variable evaluated. Statistize completed
using the Proc Mixed procedure in SAS version SA&S Institute, Inc., Cary, NC). All
appropriate two and three way interactions werduatad. In the event that no
interactions were observed, main effects were ewetl Least squares means were used
to separate mean differences. There were no diifeein replications and no treatment
by replication interactions were included as napcal differences observed. Tukey
pairwise comparisons were utilized due to potentredqual sample size resulting from
the removal of data points due to contaminatiortal@&e presented with pooled standard

error.
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Experiment 2: Effects of Antimicrobial Solution (AMS)

Culture Preparation

Five strains oEscherichia coli O157:H7, one strain of each of the big six STECs,
five strains ofSalmonella spp., and five strains afisteria monocytogenes were used for
this study as detailed in Table 2. All media waschased from Neogen Corporation
(Lansing, Michigan) unless otherwise stated. Celfunicroorganisms were transferred
individually to 9 mL sterile tryptic soy broth, wexed (Labnet International, Inc.,
Edison, New Jersey), and incubated at 37°C for&#d(Jeio Tech, Inc., Des Plaines,
lllinois). The overnight culture produced approxteig 9 log CFU/mL culture
suspensions. Equal parts of each strain were cadlaind vortexed to create the culture
cocktail. Cells were harvested by centrifugatioB8&&0 rpm for 20 minutes at 37°C. The
supernatant was discarded and the resulting pedletgently washed before being
resuspended in 0.1% peptone. The cell suspensisith&a diluted to a concentration of

4 or 6 log which was used to inoculate meat samples

AMS Preparation

Food grade LAE (CytoGuard LA 2X; A&B Ingredientg} 3pielman Road,
Fairfield, NJ), levulinic acid (natural, 99%, FGg8&a-Aldrich, 3050 Spruce Street, St.
Louis, MO), chitosan (low molecular weight; SigmédAch, 3050 Spruce Street, St.
Louis, MO), acetic acid (naturat99.5%, FG; Sigma-Aldrich, 3050 Spruce Street, St.
Louis, MO), and lactic acid (natural85% FG; Sigma-Aldrich, 3050 Spruce Street, St.
Louis, MO) were obtained. Compounds were weighetnaixed into MilliQ water

(Milli-Q Integral Water Purification System, Darrasit, Germany) at Auburn University.
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The AMS was allowed to mix overnight on a stir pl@&/'WR International, LLC,

Radnor, Pennsylvania) and refrigerated at 4°C poarse. On the day of use, the AMS
was diluted using deionized distilled water (Bagast Mega-Pure System Automatic
Water Distillation Apparatus, Thermo Scientific, itlam, MA) as the solvent to a high
(stock), medium (1:5 dilution), or low (1:10 dilati) concentration. The pH values of the
AMS were: high concentration pH=3.04, medium con@ion pH=4.15, low

concentration pH=5.63, and distilled water pH=6.72.

Sample Preparation

Fresh beef top round steaks were fabricated dtah#ert Powell Meats
Laboratory at Auburn University without the useaotimicrobial solutions. Lean meat
samples were cut to 100 épieces. Each piece was individually inoculatechvtitmL of
the assigned inoculum (either 4 or 6 logeotoli, STECs Salmonella spp., or_.
monocytogenes) which was then spread using a disposable L-shegiédpreader (VWR
International, LLC, Radnor, Pennsylvania). Thirtinates of contact time was allowed
for cell adhesion to the meat surface. After thevedd contact time, samples were
treated with 30 mL of the assigned concentratiothefAMS. A control treatment of
distilled water was also tested. Samples were skaned at 4°C in sterile stomacher bags
(Nasco Whirl-Pak, Fort Atkinson, Wisconsin) forg),24, or 48 hours.

A modified plating technique using 0.1% peptonea whalized (Podolak, 1995a).
One hundred mL of 0.1% peptone was added to eaehsample in stomacher bags
prior to stomaching for 2 minutes at 300 rpm (40&@ar Seward Medical, London,

England). Serial dilutions with 9 mL 0.1% peptonera/created and dilutions were
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plated onto MacConkey Agar with Sorbitol (MSE;coli), XLT4 (Salmonella spp.), or
Modified Oxford Medium (MOX;L. monocytogenes) plates. Plates were enumerated

following 24 hours incubation at 37°C. Results presented in logCFU.

Statistical Analysis

A completely randomized design was used to conitheste experiments. Each
experiment was conducted in triplicate with twoliegdions performed in separate
weeks. All data were converted to {g@FU prior to performing statistical analysis. The
independent variables were treatment (concentrafiédS), time, and
pathogen/inoculum level and I FU was the dependent variable evaluated. Statistic
were completed using the Proc Mixed procedure i® S8&rsion 9.2 (SAS Institute, Inc.,
Cary, NC). All appropriate two and three way intti@ns were evaluated. In the event
that no interactions were observed, main effectewealuated. Least squares means
were used to separate mean differences. Therenoaldferences in replications and no
treatment by replication interactions were includsdo practical differences observed.
Tukey pairwise comparisons were utilized due teptal unequal sample size resulting
from the removal of data points due to contamimatidata are presented with pooled

standard error.

Results and Discussion

Experiment 1: Optimum Growth Medium

No differences were observed in tink&=(0.92), indicating that pathogens

survived the same on the meat samples regardlesterafje time following inoculation.
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Interestingly, there were no differences obserweslirvival of pathogens from the two
different growth mediums>=0.31). Although the plate grown cultures had shgh

higher counts at the 24 hour sampling, this wag amlumerical increase and the counts
were not differentR=0.31). The initial hypothesis was that the plataag cultures

would be slightly more hardy. This was hypothesidad to the necessity to adhere to the
plate surface, growth on an agar medium requirestsiral adaptations to attach whereas
a liquid medium allows for free growth, and woutdi$ better survive when inoculated
onto the surface of the meat samples.

Mean CFU counts and standard errors are presamtédure 2. The broth growth
medium was chosen for future studies for seveedars. Primarily, the expense and
required resources to grow pathogenic culturesassggubes with TSB broth are less
than the requirements to grow cultures on plateklitfonally, the time required to
prepare the plates, plate the cultures, and hacedistfrom each individual plate is more
than twice the amount of time required for brotavgn cultures. Finally, given that the
survivability of broth grown cultures is similar pdate grown cultures, the broth medium

was selected as a more economic and efficient gravedium.

Experiment 2: Effects of Antimicrobial Solution (AMS)

The pH values as well as the inhibitory capacityhef AMS at high, medium, and
low concentrations are outlined in Table 3. As expe, the pH of the AMS increased as
the concentration decreased such that the pH dbtheoncentration of AMS was 5.63,
the pH of the medium concentration of AMS was 4thB,pH of the high concentration

of AMS was 3.04, and the pH of the distilled watexs 6.72. The pH of all three
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concentrations of AMS evaluated were different fribve pH of the distilled water
(P<0.0001). The pH of each of the three concentratafrAMS also differed from one
another P=0.0017). This is in agreement with previous regearhich demonstrates that
bacteria generally do not grow below a pH of 4.6y & Goepfert, 1970). As the
concentration of the AMS increased, so did itsighib inhibit the growth of pathogenic
bacteria of concerrP0.0001; Table 3). The low concentration differemhi the high

and medium concentration8<0.0001) and the water control treatmd?Pt@.0001; Table

3).

An interaction of pathogen by AM®$€0.0001) was observedhe different
pathogens utilized in this research behaved diftiyavhen exposed to varying
concentrations of the AMS, as was expected. Thexesfof the AMS againg. coli
0O157:H7 (Figure 3), the non-0157:H7 STECs (Figyr&dmonella spp. (Figure 5), and
L. monocytogenes (Figure 6) are presented. The high and medium carat®ons of AMS
were more inhibitory®<0.0001) againdE. coli O157:H7 and the non-O157:H7 STECs
as determined by the least squares means. All tueeentrations evaluated were
inhibitory againsSalmonella spp £<0.0001). The AMS inhibited. monocytogenes
growth; however, the inhibition was less clearlyinied compared to the other
pathogenic bacteria evaluated. It is believed th@atAMS exhibited bactericidal activity
towards Gram negative pathogenic bacteria but mhaip# inhibitory activity toward
Gram positive pathogenic bacteria. As previousyest, the medium and high
concentration of AMS demonstrated consistent inbilpicapacity against pathogenic

bacteria of concern on fresh beef. Based on thedmfs, the medium concentration of
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AMS was chosen for future research as it is theekivwwoncentration which exhibited

consistent inhibitory capacity.

Meat samples in this study were stored at 4°C wimely have affected
membrane permeability and reduced nutrient uptadatein synthesis, and enzyme
functionality, contributing to reduced pathogenwtto (Graumann & Marahiel, 1999).
Meat subjected to temperature abuse may respanedaiment with AMS slightly
differently. However, previous research conductedeady-to-eat frozen shrimp and
ready-to-eat presliced turkey deli meat suggesttémperature of the food product when
AMS is applied does not negatively impact the iitioh of bacteria (Chen, Jin, Gurtler,
Geveke, & Fan, 2012; Jin & Gurtler, 2012). Thisdsteonfirms previous findings of the
inhibitory affect of the AMS against pathogenic tegia (Chen et al., 2012 Jin &

Gurtler, 2012; Guo, Jin, Scullen, & Sommers, 20&8p et al., 2014; Guo, Jin, Wang,

Scullen, & Sommers 2014).

Conclusions

Cultures grown in TSB tubes and on PCA plates ltavmparable survivability
when inoculated onto the surface of meat samples.3D minute adhesion time
produced similar results in the 0 hour samples wiiere serially diluted and plated
immediately following the adhesion time. Samplesed for 24, 48, and 72 hours prior
to serial dilutions and plating also produced corapke results. Though the initial
hypothesis was that the plate grown cultures woeldhore hardy, it is possible that our
technique of harvesting and plating negated sonengal differences in cell hardiness

and adhesion.
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This study indicates the survivability of broth gpldte grown cultures to be
similar, given the technique employed herein. Tregbmedium is more time efficient,
requires fewer resources, and produces a cons@@itate growth. Though the
survivability of plate grown cultures is comparatiebroth grown cultures, plate growth
requires additional time and resources. At leasptates are required to sufficiently
recover 9 mL of cell suspension, a feat accomptiski¢h one TSB tube. This formed the
basis of the decision to utilize cultures growibroth medium for future studies.

The AMS effectively inhibits growth of pathogeniadteria on fresh top round
beef steaks. All concentrations of the AMS exhibseme level of inhibition of pathogen
growth; however, the pathogens utilized in thigegsh behaved slightly differently to
the low concentration. Thus, the medium concemtnadif the AMS was selected for
future research as it is the lowest concentratitth the most consistent inhibitory
capability. Additional research is needed to etieé mechanism by which the AMS
inhibits growth of pathogenic bacteria. Researdss needed to validate the
bactericidal or inhibitory properties of the sotuti The AMS has great potential
application in the meat industry. Some proposedi@mns to inhibit growth of
pathogenic bacteria are to apply the solution &lyi@as a spray, a dip, or an immersion,
to include as an ingredient in product formulationto include as an ingredient in
marinade solutions to add convenience and valpedaducts. Additional research will be
needed to determine the most practical and costtfe application method for the

industry.
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Figure 2: Culture counts following different growtirediums.
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Data are presented in least squares means witeg&&HM. No differences were
observed between cultures grown in broth or orepl§=0.2792). Meat samples were
inoculated withE. coli (EC) orL. monocytogenes (LM) and stored at 4°C until sampling
at 0, 24, 48, or 72 hours. Broth indicates tryptg broth; plate indicates plate count

agar.
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Table 3: Effect of the AMS at high, medium, and loencentrations and of distilled
water.

Antimicrobial | log:ocCFU | Pooled
Concentration | Ismean SEM

Distilled Water | 1.8177 0.0340
Low (1:10) 1.5172 0.0340
Medium (1:5) | 1.1828 | 0.0340
High (stock) 1.0079 0.0340

abPata with differing superscripts indicate differesdetween the least squares means
with pooled SEM P<0.0017). AMS was prepared at Auburn University ditdted to

high (no dilution), medium (1:5), or low (1:10) a@ntrations the morning of the
experiment. Dilutions were prepared using distileter which also served as the
control treatment.
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Figure 3: Effect of AMS againg&ischerichia coli O157:H7 on fresh beef top round.
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abPData with differing superscripts indicate differesdetween the least squares means
with pooled SEM of 0.0962°<0.05). The dashed line indicates the limit of data

which is 1 log, an * indicates the estimate is betbe limit of detection. 4 and 6 log
cultures ofE. coli were prepared and inoculated onto meat samples. wiSprepared

at Auburn University and diluted to high (no diturt), medium (1:5), or low (1:10)
concentrations the morning of the experiment. [hg were prepared using distilled
water which also served as the control treatment.
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Figure 4: Effect of AMS against non- O157:H7 STECfiesh beef top round.
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abPData with differing superscripts indicate differesdetween the least squares means
with pooled SEM of 0.0962°<0.05). The dashed line indicates the limit of data

which is 1 log, an * indicates the estimate is betbe limit of detection. 4 and 6 log
cultures of STECs were prepared and inoculated mei@t samples. AMS was prepared
at Auburn University and diluted to high (no ditut), medium (1:5), or low (1:10)
concentrations the morning of the experiment. hg were prepared using distilled
water which also served as the control treatment.
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Figure 5: Effect of AMS again&almonella spp. on fresh beef top round.
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abPata with differing superscripts indicate differesdetween the least squares means
with pooled SEM of 0.0962°<0.05). The dashed line indicates the limit of data

which is 1 log, an * indicates the estimate is betbe limit of detection. 4 and 6 log
cultures ofSalmonella were prepared and inoculated onto meat samples. WS
prepared at Auburn University and diluted to high {lilution), medium (1:5), or low
(1:10) concentrations the morning of the experimBiiutions were prepared using
distilled water which also served as the contrehtiment.
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Figure 6: Effect of AMS againstisteria monocytogenes on fresh beef top round.
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abPData with differing superscripts indicate differesdetween the least squares means
with pooled SEM of 0.0962°<0.05). The dashed line indicates the limit of data

which is 1 log, an * indicates the estimate is tetbe limit of detection. 4 and 6 log
cultures ofL. monocytogenes were prepared and inoculated onto meat sample$ Ak
prepared at Auburn University and diluted to high {lilution), medium (1:5), or low
(1:10) concentrations the morning of the experimBiltutions were prepared using
distilled water which also served as the contrehtment.

88



References

Avery, S. M., & Buncic, S. (1997). Antilisterialfetts of a sorbate-nisin combination
vitro and on packaged beef at refrigeration temperalauenal of Food
Protection, 60, 1075-1080.

Bakal, G., & Diaz, A. (2005). The lowdown on lauainate Food Quality, (60-61).

Bari, M. L., Ukuku, D.O., Kawasaki, T., Inatsu, Ysshiki, K., & Kawamoto, S. (2005).
Combined efficacy of nisin and pediocin with sodilactate, citric acid, phytic
acid, and potassium sorbate and EDTA in reduciedy.itsieria monocytogenes
population of inoculated fresh-cut produdeurnal of Food Protection, 68, 1381-
1387.

Brooks, J. T., Sowers, E. G., Wells, J. G., Gre&nd)., Griffin, P. M., Hoekstra, R. M.,
& Strockbine, N. A. (2005). Non-O157 Shiga toxiregucingEscherichia coli
infections in the United States, 1983-208aurnal of Infectious Diseases, 192(8),
1422-1429.

Bryan, F. I., & Doyle, M.P. (1995). Health riskschconsequences &lmonella and
Campylobacter jegjuni in raw poultry.Journal of Food Protection, 58, 326-344.

Chen, W., Jin, T.Z., Gurtler, J.B., Geveke, D.JE&n, X. (2012). Inactivation of
Salmonella on whole canteloupe by application of an antinti@bcoating
containing chitosan and allyl isothiocyandtgernational Journal of Food
Microbiology, 155, 165-170.

Chung, K.C., & Goepfert, J.M. (1970). GrowthSHfimonella at low pH.Journal of Food
Science, 35(3), 326-333.

Chung, K. T., & Murdock, C.A. (1991). Natural Syste for Preventing Contamination
and Growth of Microorganisms in Food=od Structure, 10, 361-374.

D'Aoust, J. Y. (1989)salmonella. In M. Dekker (Ed.)Foodborne Bacterial Pathogens
(pp. 327-445). New York: M.P. Doyle.

D'Aoust, J. Y. (1991a). Pathogenicity of foodboBaémonella. International Journal of
Food Microbiology, 12(1), 17-40.

D'Aoust, J. Y. (1991b). Psychrotrophy and foodbdsaenonella. International Journal
of Food Microbiology, 13(3), 207-215.

Delves-Broughton, J., Blackburn, P., Evans, R&Hugenholtz, J. (1996). Applications
of the bacteriocin, nisirAntonie Van Leeuwenhoek, 69(2), 193-202.

Droffner, M. L., & Yamamoto, N. (1992). Role of mdikic acid in isolation of
Salmonella Typhimurium strains capable of growth at 48 degi@eCurr
Microbiol, 25(5), 257-260.

Friedman, M., & Juneja, V. K. (2010). Review ofiamtrobial and antioxidative
activities of chitosans in food.Food Prot, 73(9), 1737-1761.

Gao, P., Zhu, Z., & Zhang, P. (2013). Effects afadan-glucose complex coating on
postharvest quality and shelf life of table gragessbohydr Polym, 95(1), 371-
378.

Gonzalez-Fandos, E., & Dominguez, J. L. (2006)ic&ffy of lactic acid again&iisteria
monocytogenes attached to poultry skin during refrigerated stexagurnal of
Applied Microbiology, 101(6), 1331-1339.

89



Graumann, P.L., & Marahiel, M.A. (1999). Cold shgmkteins CspB and CspC are
major stationary-phase-induced protein8acillus subtilis. Archives of
Microbiology, 171(2), 135-138.

Guo, M., Jin, T. Z., Scullen, O. J., & SommersHZ(2013). Effects of antimicrobial
coatings and cryogenic freezing on survival andwincof Listeria innocua on
frozen ready-to-eat shrimp during thawidgurnal of Food Science, 78(8),
M1195-1200.

Guo, M.M., Jin, T.Z., Geveke, D.J., Fan, X.T., Sjt&.E., & Wang, L.X. (2014).
Evaluation of Microbial Stability, Bioactive Compids, Physiochemical
Properties, and Consumer Acceptance of Pomegrduoate Processed in a
Commercial Scale Pulsed Electiric Field Systéwod and Bioprocess
Technology, 7(7), 2112-2120.

Guo, M. M., Jin, T. Z., Wang, L. X., Scullen, O, & Sommers, C. H. (2014).
Antimicrobial films and coatings for inactivatiof bisteria innocua on ready-to-
eat deli turkey meaEood Controal, 40, 64-70.

Henning, S., Metz, R., & Hammes, W.P. (1986). Stadin the mode of action of nisin.
International Journal of Food Microbiology, 3, 121-134.

Huffman, R. D. (2002). Current and future techn@sdor the decontamination of
carcasses and fresh madeat Science, 62(3), 285-294.

Jin, T. & Gurtler, J.B. (2012). Inactivation 84lmonella on Tomato Stem Scars by
Edible Chitosan and Organic Acid Coatingsurnal of Food Protection, 75,
1368-1372.

Kang, J., Stasiewicz, M. J., Murray, D., Boor, K.\Wiedmann, M., & Bergholz, T. M.
(2014). Optimization of combinations of bacterididad bacteriostatic treatments
to controlListeria monocytogenes on cold-smoked salmoimternational Journal
of Food Microbiology, 179, 1-9.

Mani-Lopez, E., Garcia, H.S., & Lopez-Malo, A.LO®2). Organic Acids as
Antimicrobials to ControBalmonella in Meat and Poultry ProductSood
Research International, 45, 713-721.

Marth, E. H. (1998). Extended Shelf Life of Refrigied Foods: Microbiological Quality
and Safety. [Scientific Status Summar¥od Technology, 52(s), 57-62.

Martin, E. M., Griffis, C. L., Vaughn, K. L., O'Ban, C. A., Friedly, E. C., Marcy, J. A.,
& Lary, R. Y., Jr. (2009). Control dfisteria monocytogenes by lauric arginate on
frankfurters formulated with or without lactate/ckgiate Journal of Food
ience, 74(6), M237-241.

Mattick, A. T., & Hirsch, A. (1947). Further obsations on an inhibitory substance
(nisin) from lacticstreptococci. Lancet, 2(6462), 5-8.

Mbandi, E., & Shelef, L. A. (2002). Enhanced antirabial effects of combination of
lactate and diacetate dnsteria monocytogenes andSalmonella spp. in beef
bologna.International Journal of Food Microbiology, 76(3), 191-198.

Mishu, B., Koehler, J., Lee, L. A., Rodrigue, DreBner, F. H., Blake, P., & Tauxe, R.
V. (1994). Outbreaks dalmonella Enteritidis infections in the United States,
1985-1991 Journal of Infectious Diseases, 169(3), 547-552.

Morey, A., Bratcher, C. L., Singh, M., & McKee, B. (2012). Effect of liquid smoke as
an ingredient in frankfurters dnsteria monocytogenes and quality attributes.
Poultry Science, 91(9), 2341-2350.

90



Nester, E. W., Anderson, D.G., Roberts Jr., C.Barfall, N.N., & Nester, M.T. (2001).
Microbiology: A Human Perspective. New York: McGraw-Hill.

Podolak, R. K., Zayas, J.F., Kastner, C.L., & FuDgy.C. (1995a). Inhibition oListeria
monocytogenes andEscherichia coli O157:H7 on Beef by Application of Organic
Acids Journal of Food Protection, 59(4), 370-373.

Podolak, R. K., Zayas, J.F., Kastner, C.L., & Fubgy.C. (1995b). Reduction of
Listeria monocytogenes, Escherichia coli O157:H7, andsalmonella
Typhimurium during Storage on Beef Sanitized withrfaric, Acetic, and Lactic
Acids. Journal of Food Safety 15, 283-290.

Popoff, M. Y., Bockemuhl, J., & Brenner, F. W. (B)9Supplement 1997 (no. 41) to the
Kauffmann-White schem&esearch in Microbiology, 149(8), 601-604.

Rodriguez, E., Seguer, J., Rocabayera, X., & Manr&s(2004). Cellular effects of
monohydrochloride of L-arginine, N-lauroyl ethyles{LAE) on exposure to
Salmonella Typhimurium andtaphylococcus aureus. Journal of Applied
Microbiology, 96(5), 903-912.

Ruckman, S. A., Rocabayera, X., Borzelleca, J&BSandusky, C. B. (2004).
Toxicological and metabolic investigations of tladesy of N-alpha-lauroyl-L-
arginine ethyl ester monohydrochloride (LAEphod and Chemical Toxicology,
42(2), 245-2509.

Ryser, E. T., & Marth, E. H. (1988). Growth lokteria monocytogenes at different pH
values in uncultured whey or whey cultured with iedium camemberti.
Canadian Journal of Microbiology, 34(6), 730-734.

Ryser, E. T., & Marth, E. H. (1989). Behaviorlagteria monocytogenes during
manufacture and ripening of brick cheemirnal of Dairy Science, 72(4), 838-
853.

Scallan, E., Hoekstra, R. M., Angulo, F. J., TalkeY., Widdowson, M. A., Roy, S. L.,
Jones, J. L., & Griffin, P. M. (2011). Foodbornedss acquired in the United
States--major pathogertsmerging Infectious Diseases, 17(1), 7-15.

Sun, X. D., & Holley, R. A. (2012). Antimicrobiahd Antioxidative Strategies to
Reduce Pathogens and Extend the Shelf Life of HReshMeatsComprehensive
Reviews in Food Science and Food Safety, 11(4), 340-354.

Surekha, M., & Reddy, S.M. (2000). PreservativdasS§ification and properties. In R. K.
Robinson, Batt, C.A., & Patel, C. (EdBncyclopedia of Food Microbiology (pp.
1710-1717): New York Academic Press.

Theron, M. M., & Lues, J.F.R. (2007). Organic Acaisd Meat Preservation: A Review.
Food Reviews International, 23(2), 141-158.

Wan Norhana, M. N., Poole, S. E., Deeth, H. C., &, G. A. (2012). Effects of nisin,
EDTA and salts of organic acids brsteria monocytogenes, Salmonella and
native microflora on fresh vacuum packaged shristpeed at 4 degrees Eood
Microbiol, 31(1), 43-50.

Yoder, S. F., Henning, W. R., Mills, E. W., Door&s, Ostiguy, N., & Cutter, C. N.
(2012). Investigation of chemical rinses suitaloleviery small meat plants to
reduce pathogens on beef surfaddsood Prot, 75(1), 14-21.

91



CHAPTER Ill: Evaluation of Three Retail Marinades A gainst Pathogens of

Concern on Fresh Beef
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Abstract

The presence of pathogenic bacteria on foods repi®sa concern for public
health. Numerous strategies and technologies thraiag and preventing contamination
by pathogenic bacteria have been evaluated andedpphowever, one simplistic
approach to controlling the growth of pathogenictbaa of concern is to marinate meat
products. Researchers have evaluated the effechasinades against pathogens of
concern in meat; however, there has been littlduatian of retail marinades. The
objective of this study was to determine the effettthree retail marinades against
growth of pathogeni&. coli, Salmonella spp., and.. monocytogenes on inoculated beef
top round samples. Pathogens were individuallyucett in sterile trypic soy broth (TSB)
tubes before cells were harvested by centrifugalitve cell suspension was then used to
inoculate the surface of fresh beef top round stebkarinades were chosen based on
market and food trends in early 2014 and were aeduirom the local Publix Super
Market location in Auburn, AL. The marinades wemady to use at purchase and
required no additional mixing or reconstitution. fades chosen were: 1) Ken’'s
Steakhouse Marinade & Sauce, Balsamic & RoasterQr) KC Masterpiece 30
Minute Marinade, California Style Lemon & Crackedpper, and 3) KC Masterpiece 30
Minute Marinade, Classic Steakhouse. Distilled wagrved as the control treatment. A
volume of 30 mL of the assigned treatment was agdpto inoculated meat samples.
Samples were placed in sterile stomacher bagstaretisat 4°C until O, 6, 24, or 48 hour
sampling. All three marinades inhibited the growfhpathogenic bacteria on fresh beef
top round steak€”0.0001). The lemon pepper marinade was slightlyennthibitory of

the growth of pathogenic bacteria than the balsaamd roasted onion or classic
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steakhouse marinadeB<0.05). The balsamic and roasted onion and clatsakhouse
marinades did not differ in their inhibition of thgrowth of pathogenic bacteria
(P<0.9585). All marinades were more inhibitory oftp@genic bacteria growth compared
to the water controlR<0.0001). Marination of meat products has the gaEto improve
meat safety by inhibiting the growth of pathogehgcteria, improve flavor, improve

tenderness, and improve juiciness of the product.
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Introduction

The food industry, particularly the meat industig/,under constant scrutiny in
developed countries to produce safer food in thé&ewaf outbreaks of foodborne
illnesses. While most outbreaks of foodborne inesuse mild to moderate illness,
sometimes serious illness results in death whicbf igarticular concern in elderly and
immunocompromised individuals. Meat, poultry, miéind eggs are the primary foods of
concern leading to human illness due to undercapkin cross contamination. While
foodborne pathogens are subjected to physical, idaénand nutritional stresses during
processing (Yousef, 2003), there are still instangben pathogens survive and a person
may become ill following consumption of those paés.Escherichia coli O157:H7,
non-0O157:H7 shiga toxin producing. coli (STEC) serotypesSalmonella spp. and
Listeria monocytogenes are the main focus of companies, research sdgntend
regulatory agencies in regards to outbreaks offoatk illness linked to meat.

One value-adding food preparation step which has beund to provide an
additional layer of food safety by inhibiting grdwbf pathogenic bacteria suchEasoli,
Salmonella spp., and.. monocytogenes is marination. Marinades are typically a water-oil
emersion containing a combination of sugar, saitlsa(acetic and citric acids), additives
(Xanthan and guar gum), spices, sorbates, benz@agsroma enhancers (Bjorkroth,
2005). Commercial marination practices rely priyaon salt-water and phosphate
formulations which increase tenderness, juicinasd,yield with current applications
including injection technology, immersion, and vaeutumbling (Alvarado & Mckee,
2007). Consumers rely on immersion for marinatibmeat at home by placing the meat

in a suitable container and covering it with a made. A variety of spices and spice
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extracts are utilized in the industry to catergedfic flavor profiles and taste
preferences. Marinated meat products, particufaolyltry products, represent a growing
segment of the food industry on a global scale.

Studies indicate that marinade sauces preventrtvetly of spoilage organisms
based on a low pH, high salt concentration, sogbatel benzoates, and various spices
(Bjorkroth, 2005). Marinades with paprika, garlboriander, salt (NaCl), sodium
phosphates, and yogurt have been effective in regwtrvival ofCampylobacter cells
(Birk & Knochel, 2009; Perko-Makela, Koljonen, Migten, & Hanninen, 2000).
Teriyaki marinades, typically thick and highly acidauces with powdered onion, garlic,
spices, and powdered soy sauce as the dominaetiegts, have shown bactericidal
activity (Pathania, McKee, Bilgili, & Singh, 2010).

One study used three strafiiteidelberg, Typhimurium, and Senftenberg) to
determine the effect of commercially availableytaki and lemon pepper marinades on
the survival ofSalmonella (Pathania et al., 2010). Both teriyaki and lemepper
marinades showed reductionSsimonella spp. during the 32 hour storage period with
greater reductions observed in marinades maintahé€C (Pathania et al., 2010). Other
researchers have indicated that Gram positive baGce more sensitive to citrus
essential oilsn vitro than Gram negative bacteria (Fisher & Phillips, @0@dditional
reports indicate a higher activity of orange, lepgnapefruit, and mandarin citrus oils
and their derivatives vitro (Dabbah, Edwards, & Moats, 1970).

Marination has the potential to increase the difelbf meat products while
adding convenience and value for the consumer., thasbjective of this study was to

determine the effect of three marinades availabtetail stores against growth of
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pathogenic. coli, Salmonella spp., and.. monocytogenes on inoculated beef top round

samples.

Materials and Methods

Culture Preparation

Five strains oEscherichia coli O157:H7, one strain of each of the big six STECs,
five strains ofSalmonella spp., and five strains afisteria monocytogenes were used for
this study as detailed in Table 2. All media waschased from Neogen Corporation
(Lansing, Michigan) unless otherwise stated. Celfunicroorganisms were transferred
individually to 9 mL sterile tryptic soy broth, wexed (Labnet International, Inc.,
Edison, New Jersey), and incubated at 37°C for&#d(Jeio Tech, Inc., Des Plaines,
lllinois). The overnight culture produced approxteig 9 log CFU/mL culture
suspensions. Equal parts of each strain were cadland vortexed to create the culture
cocktail. Cells were harvested by centrifugatioB8&&0 rpm for 20 minutes at 37°C. The
supernatant was discarded and the resulting pedletgently washed before being
resuspended in 0.1% peptone. The cell suspensisith&a diluted to a concentration of

4 or 6 log which was used to inoculate meat samples

Sample Preparation

Fresh beef top round steaks were fabricated dtah#ert Powell Meats
Laboratory at Auburn University without the useaotimicrobial solutions. Lean meat
samples were cut to 100 épieces. Each piece was individually inoculatechvtitmL of

the assigned inoculum (either 4 or 6 log=otoli, STECs Salmonella spp., or_.
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monocytogenes) which was then spread using a disposable L-shegiédpreader (VWR
International, LLC, Radnor, Pennsylvania). Thirtinates of contact time was allowed
for cell adhesion to the meat surface. After thevedd contact time, samples were
treated with 30 mL of the assigned marinade. Am@bmteatment of deionized distilled
water (Barnstead Mega-Pure System Automatic Waitdillation Apparatus, Thermo
Scientific, Waltham, MA) was also tested. Samplesenthen stored at 4°C in sterile
stomacher bags (Nasco Whirl-Pak, Fort Atkinson,dsfisin) for O, 6, 24, or 48 hours.
A modified plating technique using 0.1% peptones wialized (Podolak, 1995).
One hundred mL of 0.1% peptone was added to eaehsample in stomacher bags
prior to stomaching for 2 minutes at 300 rpm (40&@ar Seward Medical, London,
England). Serial dilutions with 9 mL 0.1% peptonera/created and dilutions were
plated onto MacConkey Agar with Sorbitol (MSE;coli), XLT4 (Salmonella spp.), or
Modified Oxford Medium (MOX;L. monocytogenes) plates. Plates were enumerated

following 24 hours incubation at 37°C. Results presented in logCFU.

Marinade Selection

Retail marinades were chosen from commonly avalamrinades at the local
Publix Super Market (Auburn, AL). Marinades chosere: 1) Ken’s Steakhouse
Marinade & Sauce, Balsamic & Roasted Onion, 2) K&sMrpiece 30 Minute Marinade,
California Style Lemon & Cracked Pepper, and 3) M@asterpiece 30 Minute Marinade,
Classic Steakhouse. All bottles of marinade weaelyego use at purchase and required
no additional mixing or reconstitution. A volume3® mL of the assigned marinade was

applied to the surface of the inoculated meat saraptl stored until the appropriate
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sampling time at O, 6, 24, or 48 hours. The pH eslof the marinades were collected
prior to application to the surface of the meat.yatues were 3.57 for the balsamic and
roasted onion marinade, 2.85 for the lemon pep@emade, and 3.67 for the classic

steakhouse marinade.

Statistical Analysis

A completely randomized design was used to conitheste experiments. Each
experiment was conducted in triplicate with twoliegdions performed in separate
weeks. All data were converted to {g@FU prior to performing statistical analysis. The
independent variables were treatment (retail mdahdime, and pathogen/inoculum
level and logoCFU was the dependent variable evaluated. Statistite completed
using the Proc Mixed procedure in SAS version S&S Institute, Inc., Cary, NC). All
appropriate two and three way interactions werduatad. In the event that no
interactions were observed, main effects were ewetl Least squares means were used
to separate mean differences. There were no diifeein replications and no treatment
by replication interactions were included as napeal differences observed. Tukey
pairwise comparisons were utilized due to potentredqual sample size resulting from
the removal of data points due to contaminatiortal@ae presented with pooled standard

error.

Results and Discussion

An interaction of pathogen by marinade was obse(e.0002). The

interaction of marinade artl coli O157:H7is presented in Figure 7, non-O157:H7
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STECs in Figure 8almonella spp. in Figure 9, andisteria monocytogenes in Figure

10. The lemon pepper and classic steakhouse wghtlgimore inhibitory againdk. coli
while the balsamic and roasted onion and lemon gremarinades were slightly more
inhibitory against.isteria monocytogenes. Growth ofSalmonella spp. was inhibited by
balsamic and roasted onion, lemon pepper, andiclsieakhouse marinades. This is in
agreement with another study which found commetei@aki and lemon pepper
marinades reduceshimonella spp. during a 32 hour storage period (Pathanif,et a
2010). The marinades were more effective when ts&g@at samples inoculated with 4
log cell culture as compared to the 6 log cellundt It is hypothesized that this
difference is due to the number of pathogenic qgekbsent and may be overcome with the
addition of or treatment with a larger volume o tharinade. The ingredients used for
each marinade also contribute to an enhanced antimial affect. Previous research
indicates citrus oils, paprika, garlic, coriandslt, and sodium phosphates have
antimicrobial affects as well (Perko-Makela et 2000; Fisher & Phillips, 2006).

An interaction of marinade by time was observed((0414). This interaction is
presented in Figure 11. The general trend fromititesaction is that the growth is
further inhibited with an increase in the duratadrexposure to the marinade, consistent
with previous research (Rhoades, Kargiotou, Katian& Koutsoumanis, 2013). The
one exception to this trend is the 0 and 6 hourpdasrfrom the classic steakhouse
marinade. The CFU count increased slightly fror2.6927) to 6 (2.7333) hours with the
classic steakhouse marinade before decreasing a#tf2.5019) hour sampling. Despite

the slight numerical increase, the 0 and 6 houmpéasrdid not differ P>0.05) from one
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another. However, both the 0 and 6 hour samplésred from the 24 hour samples
(P<0.05).

The pathogens responded differently to the threenades. Though the pH
values of the marinades were similar, it is hypsihed that the varied response may be,
in part, due to differences in pH. Though theresamme exceptions, microorganisms
generally do not grow below a pH of 4.6 (Chung &e@fert 1970). The lemon pepper
marinade had the lowest pH and was more inhibiginst growth of pathogenic
bacteria of concern compared to the waka(Q0001), balsamic and roasted onion
(P<0.0075), or classic steakhou$&(.0089) marinades (Figure 11). The balsamic and
roasted onion and classic steakhouse marinadessineitar in the inhibition of growth
of pathogenic bacteria of conce=0.9585) and had similar pH values. Additionally,
the individual components of the marinades mayrdauite to an increased capacity to
inhibit the growth of pathogenic bacteria. The lenp@pper marinade contained a greater
amount of black pepper in the marinade formulaéisnwell as oils of lemon, both of
which have been implicated in the inhibition of rewth of pathogenic bacteria

(Pathania et al., 2010).

Conclusions
All three of the marinades chosen for this studybn growth of pathogenic
bacteria inoculated onto the surface of meat sasnplaose samples inoculated with 4
log concentration of pathogenic bacteria were iidbto a greater extent than the
samples inoculated with 6 log concentration. hypothesized that this difference is due

to the number of cells present and may be overdpmsesing a greater volume of the
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marinades. For our purposes, the 30 mL volumeaeiffily covered the surface of the
meat and mimicked the type of marination which consrs may perform in their home.

During the course of this research, the balsamioasted onion marinade was
discontinued in the area. The manufacturer wasbletto locate the marinade within
250 miles of Auburn nor could they guarantee enafghe marinade from other
locations to meet our needs. As a result, the batsand roasted onion marinade was
removed from future research due to the lack oflaviity in the area and the similar pH
and performance of the classic steakhouse marinade.

Marination offers additional value and convenietaéhe consumer. Marination
of meat products enhances tenderness, juicinedslaator of the product while also
creating a small amount of protection against avekong. The flavor profile of meat,
especially poultry, can be changed with marinatdmaccommodate the taste preferences
of the consumer. Marination of meat products atéwbits growth of pathogenic bacteria

of concern on fresh top round beef steaks and rffay @n improved level of food safety.
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Figure 7: Effect of retail marinades agaikstherichia coli O157:H7 on fresh beef top
round.
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abPata with differing superscripts indicate differesdetween the least squares means
with pooled SEM of 0.1002°<0.05). The dashed line indicates the limit of data

which is 1 log. 4 and 6 log cultures were prepaned inoculated onto meat samples.
Marinades were purchased from the Auburn, AL, RuBliper Market. Distilled water
served as the control treatment.
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Figure 8: Effect of retail marinades against norbQH7 STEC on fresh beef top round.
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abPata with differing superscripts indicate differesdetween the least squares means
with pooled SEM of 0.0988°0.05). The dashed line indicates the limit of data

which is 1 log. 4 and 6 log cultures were prepaned inoculated onto meat samples.
Marinades were purchased from the Auburn, AL, RuBliper Market. Distilled water
served as the control treatment.
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Figure 9: Effect of retail marinades agai8satmonella spp. on fresh beef top round.
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abPData with differing superscripts indicate differesdetween the least squares means
with pooled SEM of 0.0988°0.05). The dashed line indicates the limit of data
which is 1 log. 4 and 6 log cultures were prepaned inoculated onto meat samples.
Marinades were purchased from the Auburn, AL, RuBliper Market. Distilled water
served as the control treatment.
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Figure 10: Effect of retail marinades agaibisteria monocytogenes on fresh beef top
round.
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abPata with differing superscripts indicate differesdetween the least squares means
with pooled SEM of 0.0988°0.05). The dashed line indicates the limit of data

which is 1 log. 4 and 6 log cultures were prepaned inoculated onto meat samples.
Marinades were purchased from the Auburn, AL, RuBliper Market. Distilled water
served as the control treatment.
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Figure 11: Interaction of retail marinades and tagainst pathogeni€scherichia coli 0157:H7, non-O157:H7 STECSalmonella
spp., and.isteria monocytogenes on fresh beef top round.
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Distilled water served as the control.
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Retail Marinades Against Pathogens of Concern on lesh Beef
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Abstract

The meat industry is under constant scrutiny todpece safer food in the wake of
outbreaks of foodborne illnesses. Marination antinaarobial solutions have the potential to
increase the shelf life of meat products while agdtonvenience and value for the consumer.
Our objective was to evaluate the combined effettetail marinades and a novel antimicrobial
solution (AMS). Fresh beef top round steaks, preghavithout antimicrobial solution, and the
AMS were prepared at Auburn University. KC Mastegai 30 Minute Marinade, California
Style Lemon & Cracked Pepper, and KC Masterpigc&itute Marinade, Classic Steakhouse
were purchased from the local Publix Supermarkedtion based on early 2014 market and food
trends. A completely randomized design was usedh Eaperiment was conducted in triplicate
with two replications (in separate weeks). The dammoculated with 4 log of culture prior to
treatment had less growth of pathogenic bactemapemed to the samples inoculated with 6 log
of culture P<0.05) inE. coli and STEC samples. I8&almonella and Listeria monocytogenes
samples, both the lemon pepper and classic steakhoarinade solutions inhibited the growth
of pathogenic bacteriaP€0.05). In all samples, the lemon pepper and dasstakhouse
marinade solutions were more inhibitory of the gitowf pathogenic bacteria compared to water
(P<0.0001). The lemon pepper and classic steakhousenaxe solutions did not differ
(P=0.1391) in their ability to inhibit the growth gfathogenic bacteria. An interaction of
treatment by time was observed when water, mars)aated marinade solutions were compared
(P=0.0004). Both the classic steakhouse marinadetigoland the lemon pepper marinade
solution were more inhibitory against pathogenicteaa then either water or the marinades
alone P<0.0001). Based on this comparison, the AMS contbiwéh the marinade is more

effective against pathogenic bacteria than eitedwsingly P<0.05).

110



Introduction

In developed countries, the meat industry is udastant scrutiny to produce safer food
in the wake of outbreaks of foodborne ilinessesil®\most foodborne outbreaks cause mild to
moderate illness, sometimes serious illness resultdeath which is of particular concern in
elderly and immunocompromised individuals. Althoutpe United States has the safest food
supply in the world, consumers continue to demafdrgoroducts free from contamination by
pathogenic bacteria includirigscherichia coli O157:H7, non-O157:H7 shiga toxin producig
coli (STEC) serotypessalmonella spp. and.isteria monocytogenes. While foodborne pathogens
are subjected to physical, chemical, and nutriligtiiesses during processing (Yousef, 2003),
there are still instances when pathogens survive anperson may become ill following
consumption. Meat, poultry, milk, and eggs aregheary foods of concern leading to human
illness due to undercooking or cross contaminafidre meat industry is particularly involved in
research and development of strategies to prodafee groducts.

Escherichia cali (E. coli) is part of the normal microflora of the intestitract of most
warm-blooded mammals, including humans (Marth, J998Be “big six” hon-O157:H7 shiga
toxin producingkt. coli (STECSs) serotypes associated with human illnes®ae 045, 0103,
0111, 0121, and 0145 and account for approxima@¥s of the non-O157:H7 infections
(Brooks et al., 2005xalmonella spp. are commonly present in the environment arldan
intestinal tract of warm-blooded animals. Not &itesars ofSalmonella are pathogenic;
however, they remain an important human pathogeocested with meat (Bryan, 199%)steria
monocytogenes is ubiquitous in the environment (Marth, 1998).fA& as 10 to 1000 cells may
be required as an infectious dose of these patlsodyashividuals with compromised immune

systems, including newborns, the elderly, and pragmwomen are most susceptible to foodborne
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illness (Marth, 1998; Morey, Bratcher, Singh, & Me¥ 2012). Symptoms commonly
associated with foodborne illnesses include fesledominal cramps, diarrhea, headaches,
nausea, vomiting, and a general feeling of exhansti

Topical treatments are effective against pathogénooli, Salmonella spp., and..
monocytogenes (Avery, 1997; Gao, Zhu, & Zhang, 2013; Guo, Jin,AiyaScullen, & Sommers,
2014; Huffman, 2002; Mani-Lopez, 2012; Mattick &rbtth, 1947; Podolak, 1995a, 1995b;
Ruckman, Rocabayera, Borzelleca, & Sandusky, 200dron, 2007; Yoder et al., 2012).
Topical treatments including lactic acid, acetiddaand other organic acids which are
“Generally Recognized As Safe” (GRAS) are commardgd in the meat industry to
decontaminate carcasses without negative quafégtaf(Huffman, 2002; Theron, 2007). Lactic
and acetic acids elicit bactericidal and bacteatstaffects by reducing the pH of the substrate
to a lower level than the intracellular pH, thusrdpting the cell membrane (Chung, 1991). Post-
processing spray and dip applications have effelstiteduced.. monocytogenes (Podolak,
1995a, 1995b; Theron, 2008, coli O157:H7 andsalmonella Typhimurium (Mani-Lopez,

2012; Podolak, 1995a, 1995b; Yoder et al., 201Bpugh lactic and acetic acids have inhibitory
effects on pathogen growth, emerging antimicrotmshpounds may offer additional inhibitory
capabilities when used in combination with orgaagis.

Lauric arginate ester (LAE) is GRAS, verified naxitg and metabolized to naturally
occurring amino acids following consumption (Ruckned al., 2004). It is believed that the
antimicrobial action of LAE originates from its &ty to cause membrane disruption and
disturbance of vital cell functions (Rodriguez, 8eg Rocabayera, & Manresa, 2004). LAE has
been used in combination with chitosan in food pgakg film applications as well (Guo, Jin,

Scullen, & Sommers, 2013; Guo et al., 2014). Chnas a natural polymer obtained by
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deacetylation of chitin, the primary component mfstacean shells. Chitosan is verified

nontoxic, biodegradable, and biocompatible (Gual.e2014). Although the antimicrobial
mechanism of chitosan remains unclear, it is thot@mvolve disruption of the cell membrane
as a result of the association between positivieyged amino groups of chitosan and negatively
charged anions on the surface of bacteria (Friedtndumeja, 2010).

Nisin is a well known GRAS bacteriocin produceddeytain strains dfactobacillus
lactis subspecietactis. The effects of nisin have been well studied amés been found to be
effective against a wide range of Gram positivetdy@a, includingL. monocytogenes and spore
formers, as well as Gram negative bacteria (DeBrestighton, Blackburn, Evans, &
Hugenholtz, 1996; Henning, 1986). Studies on th@iegtion of nisin have been conducted for
decades on dairy and processed foods (Delves-Brough al., 1996) with recent focus on the
application to fresh meat and poultry (Avery, 19&6nzalez-Fandos & Dominguez, 2006).

One value-adding food preparation step which has lb@und to provide an additional
layer of food safety by inhibiting growth of pathesgc bacteria such &s coli, Salmonella spp.,
andL. monocytogenes is marination. Marinades are typically a wateresriersion containing a
combination of sugar, salt, acids (acetic andacadids), additives (Xanthan and guar gum),
spices, sorbates, benzoates, and aroma enhangatg @B, 2005). Commercial marination
practices rely primarily on salt-water and phosptatmulations which increase tenderness,
juiciness, and yield (Alvarado & Mckee, 2007). Atrhe, consumers rely on immersion to
marinate meat. Studies indicate that marinade sguexent the growth of spoilage organisms
based on a low pH, high salt concentration, sogbatel benzoates, and various spices
(Bjorkroth, 2005). Previous research, includingesesh from our lab, has been conducted to

evaluate the effect of retail marinades of varicopositions against pathogens of concern on
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meat (Birk & Knochel, 2009; Dabbah, Edwards, & Mxndt970; Fisher & Phillips, 2006;
Pathania, McKee, Bilgili, & Singh, 2010; Perko-M#&keKoljonen, Miettinen, & Hanninen,
2000).

Detection and enumeration of food associated patinodacteria is complicated by
emerging strains which are not routinely encoumtered may have an unclear transmission
route (Mead et al., 1999). Molecular approachesrdffe capacity for near-time or real-time
detection of bacteria and are rapid, sensitive,spatific for target pathogens or the virulence
determinants of that pathogen (Feng, 2001; Rijgeh&rman, 2002; Smith, O'Connor,

Glennon, & Maher, 2000). Polymerase chain readiRDR) is a technique which is useful to
amplify target DNA from strains of pathogenic baigtePulse field gel electrophoresis (PFGE)
can then be used to separate the DNA fragmentsl loassize.

Marination has the potential to increase the difelbf meat products while adding
convenience and value for the consumer. The knowbitory effect of lactic acid, acetic acid,
LAE, chitosan, and nisin used singularly suggdss & combination would produce improved
inhibitory effects. A novel antimicrobial solutigdMS) containing acetic acid, lactic acid,
levulinic acid, LAE, and chitosan has been devalopgh application to meats. Previous
research in our laboratory has evaluated the sffefdhis AMS against pathogens of concern on
fresh beef top round steaks as well as evaluatedfthcts of retail marinades against pathogens
of concern on fresh beef top round steaks. Basgmenous results, we sought to determine the
effects of the combined AMS and retail marinadésisl the first objective of this study was to
determine the effectiveness of the retail marinamlabined with the AMS at inhibiting pathogen
growth on inoculated meat samples. The medium cdret&on (1:5 dilution) of the AMS was

chosen due to the consistent inhibition of pathagyemvth (previous research in our laboratory)
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and the marinade served as the diluent for thdysthe second objective was: 1) to determine
if pathogens survive following application of thé/l&, the lemon pepper marinade, or the lemon
pepper marinade + AMS, and 2) to determine whaeéemarkers are present which may allow
pathogens to survive. Only the lemon pepper wasctsl for the second portion of the study

because previous research in our laboratory showshe most inhibitory retail marinade.

Materials and Methods

Culture Preparation

Five strains oEscherichia coli O157:H7, one strain of each of the big six STE@W®, f
strains ofSalmonella spp., and five strains afisteria monocytogenes were used for this study as
detailed in Table 2. All media was purchased froeofjen Corporation (Lansing, Michigan)
unless otherwise stated. Cultured microorganisme tvansferred individually to 9 mL sterile
tryptic soy broth, vortexed (Labnet Internatioriat., Edison, New Jersey), and incubated at
37°C for 24 hours (Jeio Tech, Inc., Des Plaindisils). The overnight culture produced
approximately 9 log CFU/mL culture suspensions.dtgarts of each strain were combined and
vortexed to create the culture cocktail. Cells weaevested by centrifugation at 3650 rpm for 20
minutes at 37°C. The supernatant was discardedhanesulting pellet was gently washed
before being resuspended in 0.1% peptone. Thawgbension was then diluted to a

concentration of 4 or 6 log which was used to inaumeat samples.

AMS Preparation

Food grade LAE (CytoGuard LA 2X; A&B Ingredientg} 3pielman Road, Fairfield,

NJ), levulinic acid (natural, 99%, FG; Sigma-AldrjB050 Spruce Street, St. Louis, MO),
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chitosan (low molecular weight; Sigma-Aldrich, 305pruce Street, St. Louis, MO), acetic acid
(natural >99.5%, FG; Sigma-Aldrich, 3050 Spruce Street, Stig, MO), and lactic acid
(natural >85% FG; Sigma-Aldrich, 3050 Spruce Street, St. 5oMO) were obtained.
Compounds were weighed and mixed into MilliQ w&Milli-Q Integral Water Purification
System, Darmstadt, Germany) at Auburn Universitye AMS was allowed to mix overnight on

a stir plate (VWR International, LLC, Radnor, Peyluania) and refrigerated at 4°C prior to use.

Marinade Selection

Retail marinades were chosen from commonly availarinades at the local Publix
Super Market (Auburn, AL). Marinades chosen wejekK@ Masterpiece 30 Minute Marinade,
California Style Lemon & Cracked Pepper, and 2) M@&sterpiece 30 Minute Marinade, Classic
Steakhouse. All bottles of marinade were readystat purchase and required no additional
mixing or reconstitution. On the day of use, eaftthe marinades were used as the solvent to
create a 1:5 dilution of the AMS. The resultingatraents were a lemon pepper marinade + AMS
and a classic steakhouse marinade + AMS hereafeEred to as lemon pepper marinade
solution and classic steakhouse marinade solufieranized distilled water (Barnstead Mega-
Pure System Automatic Water Distillation Apparaflisermo Scientific, Waltham, MA) served
as the control treatment.

A volume of 30 mL of the assigned marinade solyta@mnwvater control, was applied to
the surface of the inoculated meat sample anddtargl the appropriate sampling time at 0, 6,
24, or 48 hours. The pH values of the treatmente wellected prior to application to the surface
of the meat. The pH of the distilled water was 61i2 lemon pepper marinade solution was

2.94, and the classic steakhouse marinade solwtsr3.39.
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Sample Preparation

Fresh beef top round steaks were fabricated dtaheert Powell Meats Laboratory at
Auburn University without the use of antimicrobgalutions. Lean meat samples were cut to
100 cnf pieces. Each piece was individually inoculatechviitmL of the assigned inoculum
(either 4 or 6 log oE. coli, STECsSalmonella spp., orL.. monocytogenes) which was then
spread using a disposable L-shaped cell spread&R(Ihternational, LLC, Radnor,
Pennsylvania). Thirty minutes of contact time wieveed for cell adhesion to the meat surface.
After the allowed contact time, samples were treeateeh 30 mL of the assigned treatment.
Samples were then stored at 4°C in sterile stonmdadges (Nasco Whirl-Pak, Fort Atkinson,
Wisconsin) for 0, 6, 24, or 48 hours.

A modified plating technique using 0.1% peptons walized (Podolak, 1995a). One
hundred mL of 0.1% peptone was added to each raggile in stomacher bags prior to
stomaching for 2 minutes at 300 rpm (400 Circulew&d Medical, London, England). Serial
dilutions with 9 mL 0.1% peptone were created aihdidns were plated onto MacConkey Agar
with Sorbitol (MSA;E. coli), XLT4 (Salmonella spp.), or Modified Oxford Medium (MOX;.
monocytogenes) plates. Plates were enumerated following 24 himagbation at 37°C. Results

are presented in lggCFU.

PCR Sample Preparation

Fresh beef top round steaks were fabricated dtaheert Powell Meats Laboratory at
Auburn University without the use of antimicrobgalutions. Lean meat samples were cut to

100 cnf pieces. Each piece was individually inoculatechwtitmL of the assigned inoculum (2
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to 9 log ofE. coli, STECs Salmonella spp., or.. monocytogenes) which was then spread using a
disposable L-shaped cell spreader (VWR InternaljdriaC, Radnor, Pennsylvania). Thirty
minutes of contact time was allowed for cell adbedd the meat surface. After the allowed
contact time, samples were treated with 30 mL dewademon pepper marinade, lemon pepper
marinade solution, or stock concentration of theNDnly the lemon pepper was selected for
the second portion of the study because previaesareh in our laboratory shows it is the most
inhibitory retail marinade. Samples were immedjatiluted with 100 mL of 0.1% peptone
prior to stomaching for 2 minutes at 300 rpm (40@@ar Seward Medical, London, England).

A 20 mL volume of the suspension was then collectemla conical tube, centrifuged at
3650 rpm for 20 minutes at 37°C, the supernatastdiscarded and the resulting pellet was
resuspended in 5 mL 0.1% peptone. DNA was extradiézing the PrepMan Ultra Sample
Preparation Reagent (Life Technologies, Grand ¢5lalY) followed by ten minutes of boiling
at 100°C. The PCR program ran 35 cycles (pre-dengtat 94°C for 5 min; 94°C for 15 sec,
58°C for 30 sec, and 72°C for 30 sec; post extens®C for 10 min). The resulting PCR

amplicons were then determined by 2% agarose gefrephoresis and imaged.

Statistical Analysis

A completely randomized design was used to conitheste experiments. Each
experiment was conducted in triplicate with twoliegiions performed in separate weeks. All
data were converted to I FU prior to performing statistical analysis. Thdependent
variables were treatment (combined retail marirete AMS), time, and pathogen/inoculum
level and logoCFU was the dependent variable evaluated. Statistere completed using the

Proc Mixed procedure in SAS version 9.2 (SAS lagtit Inc., Cary, NC). All appropriate two
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and three way interactions were evaluated. In Yeatethat no interactions were observed, main
effects were evaluated. Least squares means wetdgaseparate mean differences. There were
no differences in replications and no treatmentdpfication interactions were included as no
practical differences observed. Tukey pairwise camspns were utilized due to potential
unequal sample size resulting from the removalaté ghoints due to contamination. Data are

presented with pooled standard error.

Results and Discussion

An interaction of pathogen by marinade solutiors whservedR=0.0002). The
interaction of marinade solution aidcoli O157:H7is presented in Figure 12, non-O157:H7
STECs in Figure 1&almonella spp. in Figure 14, anid steria monocytogenes in Figure 15. The
samples inoculated with 4 log of culture priorreatment had less growth of pathogenic bacteria
compared to the samples inoculated with 6 log ttioel (P<0.05) in theE. coli and STEC
samples. In th&lmonella andListeria monocytogenes samples, both the lemon pepper and
classic steakhouse marinade solutions inhibite@tbeth of pathogenic bacteriR<0.05). In
all samples, the lemon pepper and classic steakhnasinade solutions were more inhibitory of
the growth of pathogenic bacteria compared to w@€0.0001). The lemon pepper and classic
steakhouse marinade solutions did not diffr(.1391) in their ability to inhibit the growth of
pathogenic bacteria. These results are consisiémpvevious research which evaluated
antimicrobial properties of commercial marinaded emlividual components of the marinades
(Perko-Makela et al., 2000; Pathania et al., 2010).

The marinade solutions were effective against ggghw bacteria of concern on fresh

beef top round steakB<€0.05). A comparison of the effectiveness of theinaaes and the
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marinade solutions was also evaluated and is pred@mFigure 16. Previous research in two
phases in our laboratory (Chapters 2 and 3) evadusie AMS and the marinades, respectively.
Addition of the AMS to the retail marinades did mbange the pH of the marinade solution. The
pH values were as follows: water = 6.72, lemon pepparinade = 2.85, classic steakhouse
marinade = 3.67, lemon pepper marinade solutior®4,2nd classic steakhouse marinade
solution = 3.39. All of the marinade and marinadeison pH values were below 4.6 which
generally the limit for growth of microorganismshihg & Goepfert, 1970). Although the pH
difference when the AMS was added was minor, thiengéerobial effect was pronounced

(Figure 16). An interaction of treatment by timeswabservedR=0.0004; Table 4). The water
control samples had the highestlgigFU estimates at the 0 and 48 hour samplings thiwtyt
not differ from the 0 hour sampling of the classieakhouse and lemon pepper marinades
(P>0.51). The logyCFU estimates for the 48 hour sampling of classiakhouse and lemon
pepper marinades were intermediate to the estin@atéise marinade solutions. Both the classic
steakhouse marinade solution and the lemon pepaenawxle solution were more inhibitory
against pathogenic bacteria than either waterentarinades alon®€0.0001). Based on this
comparison, the AMS combined with the marinade aseneffective against pathogenic bacteria
than either used singly€0.05).

PCR amplicons were successfully separated on ansggel. Imaging of the gels
revealed that the sensitivity of the techniquekisly below the optimum level as determined by
a lack of bands present in the samples inoculatédlewer levels of cell culture. Bands were
visualized in samples inoculated with 5 -9 lod=otoli (Figure 17) andsalmonella spp.
Interestingly, no bands were visualized in samplesulated withListeria monocytogenes.

Based on these findings, the technique to isol&té Bom samples should be further refined. In
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the current study, the addition of marinade and Advksated a viscous solution with many small
particles in the sample bag following stomachingm$® of these issues may be corrected by
using sample bags with filters or adding additiacceitrifugation and washing steps to remove
foreign material from the cell pellet. Additionaiimmers may also be explored as well as

evaluation of a variety of pathogenic strains aftbaa.

Conclusions

The marinade solutions (commercially availableingte + antimicrobial solution)
inhibit the growth of pathogenic bacteria of comceroculated onto the surface of fresh beef top
round steaks prepared without antimicrobial sotutibhis suggests that the novel AMS may be
mixed with commercial marinade products to imprthe safety of meat by inhibiting the
growth of pathogenic bacteria. This has potent@afdirther processing of meat in which a
marinade is used to increase juiciness and progeeict. The AMS utilized herein may be mixed
with existing marinades and applied to producteugh industrial marination practices such as
immersion, tumbling, and injection. Additional raseh will determine any organoleptic
qualities which may be affected by the inclusionh&f AMS as a marinade ingredient.

The technique to isolate DNA from samples treatét marinade and/or AMS must be
refined. Additional primers as well as sample bstysuld be evaluated. The PCR protocol may
also be adjusted to include additional cycles wingly create more copies of the target DNA.
Further research is needed to refine the techraqdeselect appropriate products for each step of

the protocol.
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Figure 12: Effect of retail marinades combined WvAtdS againsEscherichia coli O157:H7 on
fresh beef top round.
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abPData with differing superscripts indicate differesdetween the least squares means with
pooled SEM of 0.0712P<0.05). The dashed line indicates the limit of dete which is 1 log.

4 and 6 log cultures were prepared and inoculatéol meat samples. Marinades were purchased
from the Auburn, AL, Publix Super Market and wesed to dilute the AMS (1:5 dilution)

which was prepared at Auburn University. Distillgdter served as the control treatment.
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Figure 13: Effect of retail marinades combined vAfiS against non-O157:H7 STEC on fresh
beef top round.
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abPData with differing superscripts indicate differesdetween the least squares means with
pooled SEM of 0.0712P<0.05). The dashed line indicates the limit of dete which is 1 log.

4 and 6 log cultures were prepared and inoculatéol meat samples. Marinades were purchased
from the Auburn, AL, Publix Super Market and weeed to dilute the AMS (1:5 dilution)

which was prepared at Auburn University. Distill@dter served as the control treatment.
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Figure 14: Effect of retail marinades combined WAS againsiSalmonella spp. on fresh beef
top round.
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abPData with differing superscripts indicate differesdetween the least squares means with
pooled SEM of 0.0712P<0.05). The dashed line indicates the limit of dete which is 1 log.

4 and 6 log cultures were prepared and inoculatéol meat samples. Marinades were purchased
from the Auburn, AL, Publix Super Market and weeed to dilute the AMS (1:5 dilution)

which was prepared at Auburn University. Distill@dter served as the control treatment.
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Figure 15: Effect of retail marinades combined WVAS againsListeria monocytogenes on
fresh beef top round.

2.5 7 L. monocytogenes
I 4 log inoculum
1 6 log inoculum
2.0 H
a
N ab
i i a,b
E 1.5
]
L b
O b.c
G)S c
g 101———— — - — —
0.5 +
00 T T T
Water LP+AMS Classic+tAMS
Treatment

abPData with differing superscripts indicate differesdetween the least squares means with
pooled SEM of 0.0712P<0.05). The dashed line indicates the limit of dete which is 1 log.

4 and 6 log cultures were prepared and inoculatéol meat samples. Marinades were purchased
from the Auburn, AL, Publix Super Market and weeed to dilute the AMS (1:5 dilution)

which was prepared at Auburn University. Distill@dter served as the control treatment.
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Figure 16: Effect of retail marinades and retaifrimades combined with AMS on fresh beef top
round.
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abPata with differing superscripts indicate differesdetween the least squares means
(P<0.05). The dashed line indicates the limit of dete which is 1 log. 4 and 6 log cultures
were prepared and inoculated onto meat samplesnadhas were purchased from the Auburn,
AL, Publix Super Market and were used to dilute AMS (1:5 dilution) which was prepared at
Auburn University. Distilled water served as thetol treatment.
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Table 4: Interaction of treatment and time agaaghogens of concern on fresh beef top round.

Treatment Time | l0og;0CFU | Pooled SEM
Water 48 | 2.8605 0.0699
Water 0 2.844% 0.0699
Classic 0 | 2.6927 0.0699
Lemon Pepper 0| 2.6503 0.0699
Classic 48 | 2.2744 0.0699
Lemon Pepper 48| 2.2305 0.0699
Classic Solution 0| 1.3388 0.0699
Classic Solution 48| 1.3078 0.0699
Lemon Pepper Solution 0 | 1.28468¢ 0.0699
Lemon Pepper Solution 48 | 1.2748¢ 0.0699

abPData with differing superscripts indicate differesdetween the least squares means with
pooled SEM P<0.05). Superscripts were not assigned to the iation level because they are
significantly different P<0.0001) and this difference is easily visualiZzdeat samples were
inoculated, allowed 30 minutes of contact timenttreated with 30 mL of distilled water
(control), marinade, or marinade solution. Mariradere purchased from the Auburn, AL,
Publix Super Market. AMS was prepared at Auburnvdrsity and diluted (1:5) in the retail
marinades to prepare the classic marinade solahdriemon pepper marinade solution.
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Figure 17: Agarose gel image Edcherichia coli samples.

Lane 1 of the gel is the ladder. Lanes 2, 3, 4,5ack 9 lod:. coli treated with water, lemon
pepper marinade, lemon pepper marinade soluti@haatimicrobial solution, respectively.
Lanes 6, 7, 8, and 9 are 8 Iggcoli treated with water, lemon pepper marinade, lem@pee
marinade solution, and antimicrobial solution, exdfvely. Lanes 10, 11, 12, and 13 are 7Hog
coli treated with water, lemon pepper marinade, lemg@p@emarinade solution, and
antimicrobial solution, respectively. Lanes 14, 16, and 17 are 6 |dg. coli treated with water,
lemon pepper marinade, lemon pepper marinade snjwind antimicrobial solution,
respectively. Lanes 17, 18, and 19 are S5Hogpli treated with water, lemon pepper marinade,
lemon pepper marinade solution, respectively. L2hes empty.
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CHAPTER V: Sensory and Objective Color Evaluation & Beef Top Round Steaks

Marinated in a Retail Marinade Combined with a Nové Antimicrobial Solution (AMS)
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Abstract

The meat industry relies on multiple techniquesdé&termine the shelf life of meat
products including color and sensory evaluatioeskrbeef top round steaks were fabricated to
one inch thickness without the use of antimicrolsialutions. Three steaks were placed in a
Ziplock bag along with 500 mL of the assigned tmest: water, water + AMS, lemon pepper
marinade + AMS, or classic steakhouse marinade +SAflgr 0, 6, 24, or 48 hours. The
combination treatments are hereafter referred taasr+ solution, lemon pepper solution, and
classic steakhouse solution, respectively. Eadikstes scanned three times with the MiniScan
XE, Plus colorimeter, grilled to an internal tematere of 71°C, cut into 1 chrpieces, and
labeled for the sensory panel. Each sample wasi&eal twice in the sensory panel with a
randomized order of presentation. Statistics werapieted using the Proc Mixed procedure in
SAS version 9.2 (SAS Institute, Inc., Cary, Nortar@ina). The fixed effects were time and
treatment. Tukey pairwise comparisons were utiliged to potential unequal sample sizes
resulting from removal of outlying data points. Ameraction of time and treatment was
observed for initial juicinessP&0.0001), sustained juicines$<0.0001), initial tenderness
(P<0.0001), sustained tenderned®=(.0008), flavor intensity R=0.0039), and off-flavor
intensity P<0.0009). An effect of treatmen®€0.0001) and timeR<0.0014) were observed for
aroma intensity. Steaks marinated in lemon pepparinade solution, classic steakhouse
marinade solution, or water+ solution received mtaeorable ratings compared to steaks
marinated in water alon€’€0.05). The lemon pepper marinade solution treatmeas rated as
the most juicy and most tender, followed by thessia steakhouse marinade solution, and the
water+ solution. Water was rated as the least jaingy tender. Flavor intensity increased with

increasing marination timé?€0.0002) such that steaks marinated for 48 hoursived higher
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flavor intensity ratings than those marinated fér @, and O hours. All combination treatments,
lemon pepper marinade solution, classic steakhousenade solution, and water+ solution,
were rated as having greater aroma intensity coaalpt@ar water P<0.05). Marination times of 6,
24, and 48 hours generated a more intense aromadttied hours of marinatiorP€0.05). As
marination time increased, off-flavor intensity @alscreased H<0.0001). Panelists identified
samples marinated in the water+ solution as hatlegmost intense off-flavor. All panelists
described the off-flavors associated with thesepdasnas being vinegar-like and metallic. Off-
flavor descriptors associated with samples marthatevater were bloody and livery. Sour and
sweet off-flavors were associated with the steaksimated in lemon pepper marinade solution
while metallic and sour off-flavors were associat@dh steaks marinated in the classic
steakhouse marinade solution.

An interaction of treatment by time was observedLfo color values P=0.0013). The
steaks marinated in water were the most white iorcdollowed by lemon pepper marinade
solution, water+ solution, and finally classic steause marinade solution which was the darkest
(P<0.0001). A trend of increasing marination timedieg to darker color was observed
(P=0.0708). An interaction of treatment by time wésearved for a* color value$€0.0225).
Steaks marinated in water+ solution were more redalor, followed by classic steakhouse
marinade solution, lemon pepper marinade soluteorg finally water. Increasing marination
time resulted in lower a* values, indicating moneen color P<0.0001). No interaction of
treatment by time was observed for b* color valEs0.2401). Time was not significant
(P=0.0718) although treatment wd3<(0.0001). Steaks marinated in classic steakhousaaaiz
solution had higher b* values than the other makensolutions P=0.0001). Sensory properties

of marinated steaks were improved in those steaksinated in combination with the
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antimicrobial solution. Meat color is altered dgyimarination and is reflective of the marinade

selected.
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Introduction

The meat industry relies on several techniqueslatermine the shelf life of meat
products. Two common techniques are color and sgms@luation. Sensory evaluation is a set
of techniques developed to accurately measure humsponses to foods while minimizing
potential bias effects (Lawless, 2010). Sensory lmamefined as a scientific method to evoke,
measure, analyze, and interpret responses to psodscperceived by the senses (Lawless,
2010). Sensory evaluation is important to the medtstry because it helps relate consumer
perceptions to the quality of the meat product. Vakdity of the sensory panel is dependent
upon the control of various factors within the itegtenvironment (AMSA, 1995). The specific
parameters measured during a sensory evaluatia@l penselected by the individual organizing
the panel and are designed to answer a specifgamas question about the product. Trained
sensory panels are used to identity and quantdgifp parameters.

In situations where cookery method or treatment oragte variation in color, red
filtered lights are necessary to provide uniforrd adequate lighting (AMSA, 1995). Panelists
are provided a standardized amount of each samglamevaluation form with a numerical
scale for responses. Samples are held in a waomeaintain the appropriate temperature for
tasting and are presented to panelists in a rarmbmhuesign (AMSA, 1995). The number of
samples presented during each panel should be mdtagrevent panelist fatigue but also
should be a function of product characteristicpegience of the panelists, and number of
attributes to be measured per sample (AMSA, 1995).

Panelists are recruited and trained prior to timssey panel. Objectives of training are to:
1) familiarize the individual with test procedur@$,improve an individual’s ability to recognize

and identify sensory attributes, and 3) improvenalividual’s sensitivity and memory,
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permitting precise and consistent sensory judgm@&NESA, 1995). Numerous decisions must

be made prior to the panel including if samplestadee swallowed, the rinsing process should
be standardized, and the temperature of the wateided should be standardized (AMSA,
1995). Unsalted crackers may be provided for patsalvhen considerable aftertaste is present in
the samples; however, caution should be exertéoeasiouth feel may be impacted (AMSA,
1995). During training, panelists are provided refiee samples along with a corresponding
score for each parameter. Panelists provide a ncaheesponse corresponding with the
provided scale; these responses are then analiatestically.

Appearance and color of a product are the firgtibattes consumers evaluate when
selecting a product for purchase because the caslinks the visual appearance with the
expected quality of the product (Carpenter, Cothfo& Whittier, 2001). Product appearance is
easily altered through addition, deletion, or mudtion of ingredients in the product
formulation. Consumers also attribute texture andiness of products to product quality and
eating satisfaction. Texture of foods is dependgun product formulation while juiciness is a
sensory measurement of water-holding capacity ef gloduct (Morey, Bratcher, Singh, &
McKee, 2012). Juiciness is affected by the fat eoniof the product, higher fat content is
associated with a more juicy product (Mittal & Batp1993), as well as the pH of the additives
(Morey et al., 2012). Extended storage periods lm@en found to decrease the level of juiciness
in products (Morey et al., 2012) The specific dasitexture and level of juiciness are dependent
upon the type of product.

Consumers rely on the eye to evaluate color wesgearchers use instrumental
colorimeters to objectively evaluate color. The AMBleat Color Measurement Guidelines are

a comprehensive review of meat color measuremetust( 2012). Briefly, instrumental color is
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expressed in three dimensional terms using thel€#* b* scale (Hunt, 2012). The center of
the color scale is neutral gray. Positive a* valvegsesent red and negative a* values represent
green. Similarly, positive b* values representglland negative b* values represent blue. The
scale for L* is somewhat different in that a vabfel00 represents white while a value of O
represents black. The L* scale is used to determh@elarkness or lightness of the sample.

Meat color, as well as the expectation of the gatadjusted when the meat is
marinated. It is expected that the meat color belichanged to reflect the color properties of the
marinade. Thus, dark marinades, such as soy sasee Imarinades, will alter the color of the
meat such that it is darker, more like the marinéide lighter colored marinade is chosen, Italian
dressing for example, the meat will appear ligbtethe surface. Consumers evaluate the visual
appeal of these color changes while a colorimetgrabively detects differences.

The objectives of this study were multifaceted. Titst objective was to identify and
guantify any organoleptic (sensory) attributes Whitay be perceived by consumers when the
AMS is incorporated into a retail marinade. Theoselcobjective was to objectively evaluate
color differences in steaks marinated 0, 6, 24l8hours using a colorimeter. Three steaks were
prepared for each time and treatment combinatiotia® colorimeter was used to measure color

on each of the three steaks.

Materials and Methods

AMS Preparation

Food grade LAE (CytoGuard LA 2X; A&B Ingredientg} 3pielman Road, Fairfield,
NJ), levulinic acid (natural, 99%, FG; Sigma-AldrjB050 Spruce Street, St. Louis, MO),

chitosan (low molecular weight; Sigma-Aldrich, 3080ruce Street, St. Louis, MO), acetic acid

138



(natural >99.5%, FG; Sigma-Aldrich, 3050 Spruce Street, Stig, MO), and lactic acid
(natural >85% FG; Sigma-Aldrich, 3050 Spruce Street, St. §pMO) were obtained.
Compounds were weighed and mixed into MilliQ w&Milli-Q Integral Water Purification
System, Darmstadt, Germany) at Auburn Universitye AMS was allowed to mix overnight on

a stir plate (VWR International, LLC, Radnor, Peyluania) and refrigerated at 4°C prior to use.

Marinade Selection

Retail marinades were chosen from commonly avaalaimdrinades at the local Publix
Super Market (Auburn, AL). Marinades chosen wejeK@ Masterpiece 30 Minute Marinade,
California Style Lemon & Cracked Pepper and 2) K@sk¢rpiece 30 Minute Marinade, Classic
Steakhouse. All bottles of marinade were readystat purchase and required no additional
mixing or reconstitution. On the day of use, eaftthe marinades were used as the diluent to
create a 1:5 dilution of the AMS, generating theltiion” treatments. Deionized distilled water
(Barnstead Mega-Pure System Automatic Water Dasilh Apparatus, Thermo Scientific,
Waltham, MA) was the diluent for the water + AMSugmn and the control. Samples were

marinated in the assigned treatment for 0, 6, R48dhours.

Sample Preparation

Fresh beef top round steaks were fabricated dtaheert Powell Meats Laboratory at
Auburn University without the use of antimicrobsallutions. Lean meat samples were cut to one
inch thick pieces. Three pieces of fresh beef tamd steaks were placed in a Ziplock bag along
with 500 mL of the assigned treatment. Treatmeotsisted of water, water + AMS, lemon

pepper marinade + AMS, or classic steakhouse naginradAMS. The combination treatments
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are hereafter referred to as water+ solution, lepepper marinade solution, and classic

steakhouse marinade solution, respectively.

Cookery and Sensory Evaluation

After marination, steaks were grilled on clam sballs (Calphalon 5 in 1 Removable
Plate Grill Model HE400CG, Atlanta, GA) to an imat temperature of 71°C as determined by a
thermocouple inserted into the center of each stetaks were removed from the grill and
allowed 3-5 minutes to rest after which the stemése cut into 1 cfpieces, placed in clear
plastic cups with lids, and held in a warmer (Lal®,ilnc., Chicago, IL) until the panel began.
Each sample was evaluated twice in the sensoryt pame panel with four samples in duplicate,
generating eight samples per panel session). @fgeesentation of samples was randomized
for each sensory booth.

Sensory booths were prepared with room temperatater, a waste cup, unsalted
crackers, a napkin, an evaluation form (Appendixady a writing utensil. Red lighting was
selected for the sensory booths to eliminate piatidnias due to color variation from marination
and cooking (AMSA, 1995). Twelve trained panelistye instructed to cleanse the palette with
a cracker and water prior to tasting the first slenGprder was randomized for each booth).
Parameters panelists evaluated were initial jugsnsustained juiciness, initial tenderness,
sustained tenderness, flavor intensity, aroma sitgroff flavor intensity. Panelists were also
asked to describe the off flavor, if noted. Pamehgere then instructed to taste the first sample,
chew ten times, and dispel the sample into theevagd. The palette was then cleansed again as

previously described and the process repeatethéonéxt sample.
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Color Measurement

The colorimeter was calibrated prior to each useguislack glass and white tile placed
inside a Ziplock bag. The calibration was perfornrethe Ziplock bags because the steak
samples were also scanned while in the bags. Eaahk &hree steaks per treatment and time
combination) was scanned three times with the MiarSXE Plus (MiniScan by HunterLab,
Reston, VA) colorimeter and the average of thedls@ans was recorded. This was repeated for
each of the three steaks within the treatment iamel tombination. Color measurements (L*, a*,

and b*) were taken immediately prior to steaks ggilaced on the grill for cooking.

Statistical Analysis

A completely randomized design was used to conitheste experiments. Each sensory
experiment was conducted in duplicate and eaclr ealgeriment was conducted in triplicate.
The independent variables were treatment (marisatigion) and time. Statistics were
completed using the Proc Mixed procedure in SASigar9.2 (SAS Institute, Inc., Cary, NC).
Appropriate two way interactions of treatment antetwere evaluated. In the event that no
interactions were observed, main effects were ewatl Least squares means were used to
separate mean differences. There were no diffesana@plications and no treatment by
replication interactions were included as no pcattilifferences observed. Tukey pairwise
comparisons were utilized due to potential unegaaiple size resulting from the removal of

outlying data points. Data are presented with pbetandard error.

Results and Discussion

Sensory Evaluation
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An interaction of time and treatment was obserggdritial juiciness P<0.0001; Table
5), sustained juicines®€0.0001; Table 6), initial tenderne$3<0.0001; Table 7), sustained
tendernessi=0.0008; Table 8), flavor intensit{?£0.0039; Table 9), and off-flavor intensity
(P=0.0009; Table 12). The effect of treatmdPt0.0001) and the effect of timE£0.0014) on
aroma intensity are presented in Tables 10 andespectively. Higher numerical values indicate
a juicier sample. Those samples treated with waterarinade solutions received higher
overall scores for initial juicines®£0.0004; Table 5). The lemon pepper marinade swiuti
treatment was rated as the most juicy, followedhayclassic steakhouse marinade solution, and
the water+ solution. Water was rated as the le&sg.jSimilar results were collected for
sustained juiciness as well (Table 6). Higher nucaéralues indicate increased tenderness
(Tables 6 and 7). As with initial and sustainedijugss, initial and sustained tenderness was
highest in samples treated with lemon pepper mdeiisalution, followed by classic steakhouse
marinade solution, water+ solution, and finally &gP=0.0008; Tables 6 and 7).

An interaction of treatment by time was observedftfect flavor intensity=0.0039;
Table 9). Flavor intensity increased with incregsmmarination timeR=0.0002) such that steaks
marinated for 48 hours received higher flavor istgnratings than those marinated for 24, 6,
and 0 hours. Samples marinated in lemon peppenag®isolution received higher flavor
intensity ratings compared to classic steakhougsenade solution, water+ solution, or water
(P<0.0001). Both the lemon pepper marinade soluti@hthe classic steakhouse marinade
solution were rated as having more flavor intenstgsnpared to both water+ solution and water
(P<0.05). These results were consistent with our etgpiens for flavor intensity.

No interaction of treatment by time was observedafoma intensityR=0.1528);

however, both timeR=0.0014) and treatmer®€0.0001) effects were observed. The effect of
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treatment on aroma intensity is presented in Ta0leAll combination treatments, lemon pepper
marinade solution, classic steakhouse marinadéi@o)und water+ solution, were rated as
having greater aroma intensity compared to w&e0(05). The effects of time are presented in
Table 11. Marination times of 6, 24, and 48 howseagated a more intense aroma than did water
alone P<0.05). Marination times of 6, 24, and 48 hoursmtd differ from one another
(P>0.05). Marination for O hours generated less aroneansity that 24 and 48 hour marination
(P<0.05) yet was comparable to 6 hours marinatiof0(05).

An interaction of time by treatment was observethwif-flavor intensity P=0.0009;
Table 12). As marination time increased, off-flaugensity also increase®<0.0001).
Interestingly, samples marinated for O hours wéghtty higher, numerically, in off-flavor
intensity compared to samples marinated for 6 hthasgh this difference was not statistically
significant £>0.05). Panelists identified samples marinatethéwrater+ solution as having the
most intense off-flavor. All twelve panelists dabed the off-flavors associated with these
samples as being vinegar-like and metallic. Of-dladescriptors associated with samples
marinated in water were bloody and livery. Sour aweet off-flavors were associated with the
steaks marinated in lemon pepper marinade solwtfole metallic and sour off-flavors were
associated with steaks marinated in the classikiteise marinade solution. Personal taste
preferences may have influenced the off-flavorgessed with each marinade type. For
example, those panelists who prefer lemon peppeoifs may have noted more off-flavors

associated with other marinades.

Color Measurement
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An interaction of treatment by time was observed_focolor values P=0.0013; Table
13). L* values are used to denote white to blackhencolor scale with the center being gray.
Thus, higher values indicate a steak which is madri¢e in color. As presented in Table 13, the
steaks marinated in water were the most white larctllowed by lemon pepper marinade
solution, water+ solution, and finally classic $teause marinade solution which was the darkest
(P<0.0001). A trend of increasing marination timedieg to darker color was also observed for
marination time P=0.0708) although it was not significant. Theselltssvere expected given
the marinades selected. The water+ solution wghtbfisurprising; however, in earlier meat
microbiology studies in our laboratory (Chaptem®) observed the AMS affected color of the
meat samples. This affect was not measured dunetgitme but is clearly defined in the current
study.

An interaction of treatment by time was also obedrfor a* color valuesR=0.0225;
Table 14). a* values are used to determine gredmehcolor in meat such that positive values
indicate red color while negative values indicateeg values. As presented in Table 14, steaks
marinated in water+ solution were more red in ¢cdiafowed by classic steakhouse marinade
solution, lemon pepper marinade solution, and finakter. Increasing marination time resulted
in lower a* values, indicating less red col&x(.0001). Objective a* values indicate a less red
color while visual evaluation indicates a more gealor. This is important to note as the steaks
remained visually appealing to the panelists.

No interaction of treatment by time was observedfocolor valuesiP=0.2401). Time
was not significantf=0.0718) although treatment wa<0.0001; Table 15). b* values are used
to indicate yellow and blue such that positive ealindicate yellow color while negative values

indicate blue color. As presented in Table 15 kftenarinated in classic steakhouse marinade
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solution had higher b* values than the other ma#saP=0.0001). Steaks marinated in lemon
pepper marinade solution and water+ solution diddiféer from one anotheiP&0.05). Water
marinated steaks had the lowest b* color valuecating less yellow color. As with the a*
values, it is important to note that the steaksaiesd visually appealing to panelists with the
exception of the steaks marinated in water. Theraaflthe steaks changed to be more reflective

of the marinade while steaks marinated in wateeapgl to lose color and became gray in color.

Conclusions

Marination of meat increases juiciness, tenderraess flavor while also increasing shelf
life and improving safety. Specific taste preferescan be catered to in marinade selection.
Marination of meat alters the color of the meat sneflective of the marinade chosen. For
example, the classic steakhouse marinade chosémdgatudy is very dark in color, thus the
meat color became darker during marination asléweirf and color of the marinade was
absorbed into the meat. Conversely, the lemon peppenade chosen was yellow in color and
meat marinated in this marinade became lighteh miore yellow or gray hues, over time.
The marinade solutions utilized in this study aereffective against pathogenic bacteria than
the marinade alone. Thus, the novel AMS investdjagrein increases inhibitory capacity of
marinades while also positively affecting meat sepsharacteristics. Steaks marinated in water
alone received lower ratings for all sensory patansesvaluated, suggesting the AMS improves
juiciness, tenderness, flavor, and aroma. AlthahghAMS improves sensory characteristics, it
should not be used alone or in combination withewdtie to the intense flavor of the solution

itself. Marinades help to balance the intense \andige flavor of the antimicrobial solution.
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Table 5: Interaction of treatment and time on sgnparameters: initial juiciness.

Treatment Time | Estimate | Std. Error
Lemon Pepper 0| 6.9091 0.2941
Water 24 | 6.3077 0.2706
Classic Steakhouse 6 | 6.2000 0.3085
Lemon Pepper 48| 6.1583 0.2439
Lemon Pepper 6| 6.0000 0.2941
Water+ 24 | 5.9378 0.2439
Classic Steakhouse 48 | 5.4548 0.2941
Classic Steakhoude 24 | 5.409% 0.2941
Water+ 6 | 5.3636 0.2941
Water+ 48 | 5.3175 0.2439
Classic Steakhoude 0 | 5.0000 0.2941
Water 48 | 4.7500 0.2816
Water+ 0 | 4.7500 0.2816
Water 6 45833 0.2816
Water 0 | 45712 0.2607
Lemon Pepper 24| 4.5500 0.3085

abPata with differing superscripts indicate differesdetween the least squares means with
pooled SEM P<0.05). Antimicrobial solution was prepared at AubWniversity and diluted
(1:5) in the marinades or distilled water (Wateistilled water alone served as the control.
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Table 6: Interaction of treatment and time on sgnparameters: sustained juiciness.

Treatment Time | Estimate | Std. Error
Lemon Pepper 0| 6.5455 0.3477
Water 24 | 6.3077 0.3199
Lemon Pepper 48| 6.0625 0.2883
Lemon Pepper 6| 5.9091 0.3477
Water+ 24 | 5.8750 0.2883
Classic Steakhouse 6 | 5.7000 0.3647
Classic Steakhoude 24 | 5.3638° 0.3477
Water+ 6 | 51818 0.3477
Classic Steakhoude 48 | 5.0458° 0.3477
Water+ 48 | 5.0000 0.2883
Classic Steakhouse 0 | 4.909% 0.3477
Water 0 | 4.7857 0.3082
Lemon Pepper 24| 4.6000 0.3647
Water+ 0 | 45833 0.3329
Water 48 | 4.4167 0.3329
Water 6 | 4.1667 0.3329

abPData with differing superscripts indicate differesdetween the least squares means with
pooled SEM P<0.05). Antimicrobial solution was prepared at AubWniversity and diluted
(1:5) in the marinades or distilled water (Wateiistilled water alone served as the control.
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Table 7: Interaction of treatment and time on sgnparameters: initial tenderness.

Treatment Time | Estimate | Std. Error
Classic Steakhouse 6 | 6.4000 0.3313
Water 24 | 6.3846 0.2906
Lemon Pepper 48| 6.3125 0.2619
Lemon Pepper 0| 6.2727 0.3159
Lemon Pepper 6| 6.0000 0.3159
Water+ 24 | 5.8750 0.2619
Classic Steakhouse 0 | 5.6364 0.3159
Water+ 48 | 5.5000 0.2619
Classic Steakhouse 24 | 5.4548 0.3159
Water 0 | 5357 0.2800
Classic Steakhouge 48 | 5.1818 0.3159
Water+ 6 | 5.0909 0.3159
Lemon Pepper 24| 5.0000 0.3313
Water 48 | 4.9167 0.3025
Water+ 0 49167 0.3025
Water 6 | 4.5000 0.3025

abPData with differing superscripts indicate differesdetween the least squares means with
pooled SEM P<0.05). Antimicrobial solution was prepared at AubWniversity and diluted
(1:5) in the marinades or distilled water (Wateiistilled water alone served as the control.
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Table 8: Interaction of treatment and time on sgnparameters: sustained tenderness.

Treatment Time | Estimate | Std. Error
Water 24 | 6.3846 0.3261
Classic Steakhouse 6 | 6.3000 0.3718
Lemon Pepper 0| 6.1818 0.3545
Lemon Pepper 48| 6.1250 0.2939
Lemon Pepper 6| 6.0909 0.3545
Classic Steakhouse 0 | 5.909f 0.3545
Water+ 24 | 5.6875 0.2939
Water 0 5.6429 0.3142
Classic Steakhouse 24 | 5.6364 0.3545
Water+ 06 | 5.5455 0.3545
Water+ 48 | 5.4375 0.2939
Classic Steakhouse 48 | 5.3636 0.3545
Lemon Pepper 24| 5.3000 0.3718
Water 0 4.8333 0.3394
Water 48 | 4.6667 0.3394
Water 6 | 4.5000 0.3394

abPata with differing superscripts indicate differesdetween the least squares means with
pooled SEM P<0.05). Antimicrobial solution was prepared at AubWniversity and diluted
(1:5) in the marinades or distilled water (Wateiistilled water alone served as the control.
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Table 9: Interaction of treatment and time on sgnparameters: flavor intensity.

Treatment Time | Estimate | Std. Error
Lemon Pepper 48| 6.4375 0.3720
Classic Steakhouse 24 | 6.0000 0.4487
Classic Steakhouse 48 | 5.8182 0.4487
Lemon Pepper 6 | 5.5455 0.4487
Lemon Pepper 24| 5.0000 0.4706
Water+ 24 | 5.0000 0.3720
Water+ 48 | 4.4375 0.3720
Lemon Pepper 0| 4.36%36 0.4487
Water+ 6 | 4.3636 0.4487
Classic Steakhouse 6 | 4.1000 0.4706
Classic Steakhoude 0 | 3.7273 0.4487
Water 0 | 3.4286 0.3977
Water 6 | 3.4167 0.4296
Water 24 | 3.3077 0.4127
Water+ 0 | 3.1667 0.4296
Water 48 | 2.8333 0.4296

abPData with differing superscripts indicate differesdetween the least squares means with
pooled SEM P<0.05). Antimicrobial solution was prepared at AubWniversity and diluted
(1:5) in the marinades or distilled water (Wateiistilled water alone served as the control.
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Table 10: Effect of treatment on sensory parameseosna intensity.

Treatment Estimate | Std. Error
Lemon Pepper 4.9159 0.2372
Classic Steakhouse 4.8023 0.2468
Water+ 4.106% 0.2211
Water 3.0156 0.2269

abPData with differing superscripts indicate differesdetween the least squares means with
pooled SEM P<0.05). Antimicrobial solution was prepared at AubWniversity and diluted
(1:5) in the marinades or distilled water (Wateiistilled water alone served as the control.
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Table 11: Effect of time on sensory parameteranarmtensity.

Time | Estimate | Std. Error
24 | 4.5889 0.2323
48 | 45814 0.2211
6 | 4.2284° 0.2443
0 | 3.4418° 0.2345

abPData with differing superscripts indicate differesdetween the least squares means with

pooled SEM P<0.05). Antimicrobial solution was prepared at AubWniversity and diluted

(1:5) in the marinades or distilled water (Wateiistilled water alone served as the control.
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Table 12: Interaction of treatment and time on egnparameters: off-flavor intensity.

Treatment Time | Estimate | Std. Error
Lemon Pepper 48| 3.5625 0.3617
Water+ 24 | 3.3750 0.3617
Water+ 48 | 2.7500 0.3617
Water 24 | 2.3077 0.4013
Classic Steakhouse 48 | 2.1818 0.4363
Water 0 2.0000 0.3867
Classic Steakhouse 24 | 1.8182 0.4363
Lemon Pepper 6| 1.6364 0.4363
Lemon Pepper 0| 1.54%5 0.4363
Water 48 | 1.5000 0.4177
Water+ 6 | 1.3636 0.4363
Classic Steakhouse 0 | 1.3638 0.4363
Water 6 | 1.3333 0.4177
Classic Steakhoude 6 | 1.2000 0.4575
Water+ 0 | 1.1667 0.4177
Lemon Pepper 24| 1.1000 0.4575

abPData with differing superscripts indicate differesdetween the least squares means with
pooled SEM P<0.05). Antimicrobial solution was prepared at AubWniversity and diluted
(1:5) in the marinades or distilled water (Wateiistilled water alone served as the control.
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Table 13: Interaction of treatment and time on cprameters: L*.

Treatment Time | Estimate | Std. Error
Water 48 | 68.7367 1.9059
Water 24 | 61.6433 1.9059
Water 6 61.6300 1.9059
Water 0 | 52.7200 1.9059
Lemon Pepper 24| 50.6067  1.9059
Lemon Pepper 48| 49.1300 1.9059
Lemon Pepper 6| 487767  1.9059
Lemon Pepper 0 44.9633 1.9059
Water+ 0 | 44.4167 1.9059
Water+ 24 | 40.5600 1.9059
Water+ 6 | 40.4933 1.9059
Water+ 48 | 38.7800 1.9059
Classic Steakhouge 0 36.2908 1.9059
Classic Steakhouge 48 | 36.2300 1.9059
Classic Steakhoude 24 | 36.1667 1.9059
Classic Steakhouse 6 | 36.0600 1.9059

abPData with differing superscripts indicate differesdetween the least squares means with
pooled SEM P<0.05). Antimicrobial solution was prepared at AubWniversity and diluted
(1:5) in the marinades or distilled water (Wateiistilled water alone served as the control.
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Table 14: Interaction of treatment and time on cprameters: a*.

Treatment Time | Estimate | Std. Error
Water+ 6 17.2733 1.0482
Classic Steakhouse 0 | 16.6033 1.0482
Water+ 0 14.3467 1.0482
Classic Steakhouse 6 13.3067 1.0482
Lemon Pepper 0| 11.7267 1.0482
Classic Steakhoude 48 | 11.6833 1.0482
Water+ 24 | 11.5767 1.0482
Classic Steakhoude 24 | 11.2833 1.0482
Water+ 48 | 10.9700 1.0482
Lemon Pepper 6| 8.4760 1.0482
Water 0 8.3700 1.0482
Water 24 | 8.0567 1.0482
Water 6 6.7700 1.0482
Lemon Pepper 48| 5.4300 1.0482
Water 48 | 5.3100 1.0482
Lemon Pepper 24| 5.1433 1.0482

abPData with differing superscripts indicate differesdetween the least squares means with
pooled SEM P<0.05). Antimicrobial solution was prepared at AubWniversity and diluted
(1:5) in the marinades or distilled water (Wateiistilled water alone served as the control.
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Table 15: Effect of treatment on color parametets:

Treatment Estimate | Std. Error
Classic Steakhouge?4.2317 0.6862
Lemon Pepper 19.04Bg  0.6862
Water+ 17.7983 0.6862
Water 15.2342 0.6862
abPData with differing superscripts indicate differesdetween the least squares means with
pooled SEM P<0.05). Antimicrobial solution was prepared at AubWniversity and diluted
(1:5) in the marinades or distilled water (Wateiistilled water alone served as the control.
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Summary

Pathogenic bacteria represent a public health coneleen present on meat and meat
products. Numerous strategies and technologieethrcing and preventing contamination by
pathogenic bacteria have been evaluated and appligdle technologies are perhaps a more
effective strategy to inhibit bacterial growth. ldie technology is the use of multiple hurdles
against bacterial growth, utilized at sub-inhibytéevels, which inhibit bacterial growth when
combined. Marination and antimicrobial solutions awo examples of hurdle technologies. This
research evaluated the combined hurdles of mariaadentimicrobial solution (AMS) against
pathogens of concern on fresh beef.

Multiple antimicrobial agents and solutions curhgixist and many more are being
developed. Common examples of antimicrobial sohgtior compounds include lactic acid,
acetic acid, chitosan, nisin, and lauric arginatere Many of these antimicrobials are being used
in direct application to meat as well as in acfpaekaging. Lactic and acetic acids solutions of 1-
2% are commonly sprayed onto carcasses followimgglshas a decontaminant. Often, a ten to
fifteen minute contact time is allowed before thecass is rinsed again and the organic acid
solution is washed off. Active packaging is beimyeloped to slowly release the antimicrobial
agent during the storage period. While the resdtse been favorable for both types of
application, these are limited to use in the induahd little research has been conducted with an
application for consumers to utilize in their homekis research was designed with the
consumer in mind and the design was to mimic thg aveonsumer may marinate meat in their
home.

A novel antimicrobial solution (AMS) has been degsd by researchers at USDA

Agriculture Research Service using GRAS ingredientls potential antimicrobial properties.
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The AMS yielded favorable findings in previous r@s# conducted on fruit rinds and vegetable
stem scars. The next step in evaluating the AMStwagtermine if it is effective in meat. The
collaborative research team designed this reseéarsimultaneously evaluate the efficacy of
AMS in meat as well as evaluate a potential usedasumers. While AMS has great potential
for application within the meat industry as a tepispray or dip, our ultimate goal is for retail
marinade companies to include AMS in their marinaelucts which are then purchased
directly by consumers.

During our research, three concentrations of AM$vevaluated and all were found to
inhibit growth of pathogenic bacteria inoculatedamomeat samples. The low concentration AMS
was found to be less inhibitory than the high areliim concentrations, but was more
inhibitory than the water control. The medium cartcation functions the same as the high
concentration, but it is a less expensive altevedt the high concentration because it can be
diluted into the marinade. The AMS should be coradiwith a flavorful marinade as some off
flavors have been associated with the AMS. Ourareseindicates that both lemon pepper
marinade and classic steakhouse marinade arelsuiteluse with AMS. Many other retail
marinade flavors are available and should alsovbkiated with AMS.

Sensory attributes were improved with inclusio®MS in the marinade solution. Steaks
marinated in a solution with AMS received higheimgs for tenderness, juiciness, flavor, and
aroma. The lemon pepper marinade was rated asdbketemder, juicy, and flavorful. It is likely
that lower pH marinades, like the lemon pepper naaie, will yield a more tender, juicy, and
flavorful marinated product due to more absorptbthe marinade. The lower pH will increase
the rate of muscle breakdown, thereby increasiagdte of marinade absorption. Off flavors

were also observed during the sensory evaluationasinated meat products. While these off
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flavors may be associated with the inclusion of AMS likely that they are an effect of the
marinade. Off flavors associated with the lemonpeemarinade were sweet and sour while
those associated with the classic steakhouse ndarimare metallic and sour. The off flavors
described are characteristic of each marinade akmadditional sensory evaluation of steaks
marinated in the AMS alone would provide additiom&rmation on any effects of AMS on off
flavors. Meat color is altered with marination. Té¢wor of the steaks became more reflective of
the marinade used such that lemon pepper maristtalls were lighter and more yellow in
color compared to classic steakhouse marinatedisstelaich were darker and more red in color.
Again, the alterations in color were consistentwite marinade chosen. Marination of steaks in
AMS alone would provide additional information amyacolor alterations due to AMS.

This AMS has great potential for a consumer apptioaVery few other antimicrobial
agents or solutions have a consumer-friendly agptin as most are an industry or commercial
application. Our consumer-based approach suggedtsion of AMS in retail marinades. This
would allow consumers to continue using produatsiliar to them while improving food safety
and sensory characteristics including tendernagsness, and flavor. Retail marinade
companies could mix AMS into existing marinadeslevelop new marinade options. This is
perhaps the simplest application of AMS to meatinaion as retail marinades are ready-to-use
at purchase. The manufacturer could mix the AM8anse and dilute it into the marinade
batches. Packaging would not required alteratithhtajgh the label may need to include some
additional ingredients. The unique aspect of AM8& all ingredients are GRAS and are
currently used in the meat and dairy industriegdifnally, common or household names can
be used on the label rather than scientific naf@sexample, acetic acid is commonly known as

vinegar.

161



Other applications may include use of AMS in furtheocessing facilities. This is more
of an industry and commercial application thoughstoners may be able to purchase items at
the retail level. This application would requirere®additional consideration and evaluation for
application. The AMS, as currently formulated, regsi at least 24 hours of mixing for all
ingredients to go into solution and form the propamsistency when 1 liter is prepared. For a
further processing application, several gallonsldoeed to be mixed which would require
considerable time. Perhaps a reformulation of AMfil create a better application in further
processing scenarios. An initial investigation irdbormulation may involve removing chitosan
from the formulation. The other ingredients go iatdution quickly and would require much less
time for mixing. Additionally, an investigation imta dry packet of the ingredients may be
another potential application. In this way the AM8uld perform much like a spice pre-mix
which is added to liquid (water) and mixed. The imated product could then be packaged,
frozen, and sold in retail stores.

Additionally, AMS could be utilized in retail meabunters where products offered
include pre-marinated or pre-seasoned ready-to-nuedt items. This is another application
which is consumer-based and would allow the constonmake selections based on taste
preferences. For this scenario, a dry applicatiohMS would be beneficial as it could be
included in a spice mix or packet. The dry mix Al&uld then be included in roast seasoning
packets and other seasoning options availablertsuroers at retail stores.

AMS offers benefits above other antimicrobials luseait can be a consumer-based
product and application. AMS also improves sensbhiracteristics and would improve meat
guality and consistency for consumers. Additioegkearch will determine any differences in

efficacy between various antimicrobials, AMS inaddd This research demonstrates the efficacy
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of AMS, retail marinades, and retail marinades +&\&bainst pathogens of concern on fresh
beef. The research also demonstrates the enhagiceolrg characteristics of marinated steaks

achieved when AMS is included in the marinade.

Future Research

The first step in future research is to deternifitiee AMS inhibits growth of pathogenic
bacteria or if it exhibits bactericidal activityagst pathogens. The mechanism by which the
AMS elicits an effect against pathogenic bactesieurrently unknown and future research
should provide a better understanding of the mash#&s) involved. Such research may focus on
decreased,a decreased pH, and disruption of the cell membrane

Research is also needed to determine the effethe &MS used in these studies in
processed and ready-to-eat meats. The current Biadged on application to fresh beef steaks
though additional research is needed to determiméitory properties against pathogens of
concern in fresh poultry, pork, and in processedtsmcluding but not limited to deli meats,
hotdogs, and frankfurters. Research in fresh nmaaisbe conducted in a similar manner as
detailed in the current research. However, a diffeapproach may be applied for research in
processed meats. Potential research topics inclydecorporating the AMS as an ingredient in
processed meat batters, 2) evaluation of topigaliGgtion techniques to processed meats
including sprays, dips, and immersions, 3) evatuatif sensory and quality properties of
processed meats which may be impacted by inclusfitine AMS as an ingredient in the meat
batter, and 4) evaluation of the AMS as a soalpfocessed meat casings. Though the
previously mentioned areas of research are limttezlpotential topics represent a broad field of

opportunities.
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Additional research is needed to determine if aelogoncentration of the AMS can be
incorporated into the marinades while maintainimg inhibitory properties observed with
inclusion of the medium concentration describeceimeiOther retail marinade options should
also be evaluated for their inhibitory effects agaipathogens of concern as well as the
inhibitory effects of the combination of the maieaand the antimicrobial solution. Some
potential marinades to evaluate include other flawo the KC Masterpiece and Ken’s
Steakhouse marinade lines such as teriyaki, harggaki, Santa Fe picante, buffalo, Caribbean
jerk, southwestern chipotles and lime, Tuscan gartid herb, Hawaiian spicy mango, and Napa
garlic balsamic, to name a few. The pH of soméne$é marinades is likely to be similar, thus
producing similar inhibitory effects.

Another interesting avenue for future researcb svialuate the effects of each
component of the AMS against pathogens of conddraugh previous research indicates the
inhibitory effects of each ingredient separatelynrocombination with other compounds, it would
be interesting and valuable to determine the effeteach component in one laboratory utilizing
the same equipment, environment, technique, andatime pathogenic strains of bacteria. This
would allow for a more level comparison of the AM@nmponents and may identify some
components which can be removed from the AMS witin@gatively affecting the inhibition of
growth of pathogenic bacteria. Additional reforntidas of the AMS may be identified; some
potential reformulations may include use of otheyamic acids or sodium metasilicate.

As research on the inhibitory effects of marinaaled antimicrobial solutions against
pathogens of concern gains additional attentiomemovel antimicrobial solutions are likely to
be developed. Future research should evaluateahattimicrobial compounds which will meet

clean and green labeling demands. This will craataique application for the meat industry
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while meeting consumer demands for clean labelsyangral, minimally processed products.
Research should also elicit and analyze differencsepray, packaging, and immersion
applications as different antimicrobial solutionaynperform differently when various
application techniques are employed. Previous rekBeadicates that antimicrobial compounds
may be incorporated into active packaging prodyesyarious antimicrobial compounds may
behave differently in these applications. Any diéigces in use of antimicrobials as processing
aides and as ingredients in product formulatiomarination should also be evaluated.

Other applications for antimicrobial solutions balso be evaluated. Some new avenues
for application include seafood and pet producten&research has indicated inhibitory effects
of antimicrobial compounds in seafood, though tkaearch focused on frozen shrimp. Pet
products, including pet food and treats, represanhartered territory for application of this
AMS or other options. Though limited compared todurcts in the human food supply, recalls
of pet products have occurred in recent yearsc@apanies may be able to capitalize on the
application of the AMS as an ingredient in theiogucts or as a topical, spray-type application.
New sensory data will be required to determinepdlatability for pets and overall acceptance of
an antimicrobial in products.

The possibilities for research related to this AMS limitless. Many untapped markets
exist which may benefit from use of an AMS or aetpackaging. The directions of future
research discussed herein represent only a smébpof the existing opportunities. As more is
learned about how antimicrobial solutions inhilathpgen growth, concentrations at which
antimicrobials are effective in various mediumgj &ow formulation of antimicrobial solutions

affects capacity to inhibit growth of pathogenictesia, new research directions will be
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identified and pursued. Meat safety and microbiplisga growing, dynamic, and exciting field

for young and established researchers alike aricc@ntinue to gain interest and attention.
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Appendix A. Phase 1: Survivability

1)

2)

3)

4)

Day 0 — Pull pathogens from the freezer and thaw.

a) Inoculate sterile TSB broth (This is now the “stocllture.)

b) Incubate at 37°C for 24 hours

Day 1 — Transfer from stock culture to broth. (“&jp

a) 100 pL from stock into 9 mL sterile TSB

b) Incubate at 37°C for 24 hours

Day 2 — From tube:

a) 100 pL onto PCA plate (x 10 plates to recover 9ahtell suspension)
b) 100 pL into sterile TSB tube (x 1 tube)

c) Incubate at 37°C for 24 hours

Day 3 — Harvest Cells (for determination of numbfecells harvested)
a) From broth tubes:

i) Pour culture from tube into sterile conical tube.

i) Centrifuge at 3650 RPM for 20 minutes at 37°C.

iii) Discard supernatant.

iv) Gently wash resulting pellet with 0.1% peptone ¢(uakout 3 mL).

v) Discard wash supernatant.

vi) Resuspend cells in 9 mL 0.1% peptone.

vii) Serial dilutions in 9 mL 0.1% peptone.

viii)  Plate, incubate at 37°C for 24 hours, then enuragiates.

ix) Refrigerate inoculum for later use.

b) From plates (x 10 for 10 plates):

i) Pipette 1 mL 0.1% peptone onto plate.

i) Use hockey stick/cell spreader to scrape cellplatie. (Work quickly but carefully.
Circular scraping motions seem most effective.)

iii) Pipette the cell suspension from the surface optat (tilt the plate to one side to
allow the suspension to gather) into a conical tdie suspension from all plates can
be combined into one conical tube.

iv) Add 0.1% peptone to reach a total volume of 9 mL.

v) Centrifuge at 3650 RPM for 20 minutes at 37°C.

vi) Discard supernatant.

vii) Gently wash resulting pellet with 0.1% peptone @ualeout 3 mL).

viii)  Discard wash supernatant.

ix) Resuspend cells in 9 mL 0.1% peptone.

x) Serial dilutions in 9 mL 0.1% peptone.

xi) Plate, incubate at 37°C for 24 hours, then enuragiates.

xii) Refrigerate inoculum for later use.

5) Day 4 — Count cells plated on Day 3 to determirerthmber of cells harvested.

a) Dilute inoculums to the same concentration.
b) Inoculate meat samples.
i) Fresh top round beef steaks cut to 106.cm
i) Pipette 100 pL of the inoculum onto the surfacéhefmeat and spread with cell
spreader.
iii) Allow 30 minutes of contact/adhesion time.
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6)

7)

8)

9)

iv) Sample 0 hour samples.
(1) Place meat sample in sterile stomacher bags.
(2) Add 100 mL of 0.1% peptone to the stomacher bag.
(3) Stomach at 300 RPM for 2 minutes.
(4) Create serial dilutions in 9 mL 0.1%peptone.
(5) Plate 100 pL onto PCA plates for enumeration. @uwfplating followed by
spreading with a cell spreader.)
(6) Incubate at 37°C for 24 hours, then enumerate glate
v) For 24. 48, and 72 hour samples:
(1) Place in sterile stomacher bags and close.
(2) Refrigerate at 4°C until appropriate sampling time.
(3) Add 100 mL of 0.1% peptone to the stomacher bag.
(4) Stomach at 300 RPM for 2 minutes.
(5) Create serial dilutions in 9 mL 0.1%peptone.
(6) Plate 100 pL onto PCA plates for enumeration. @uwfplating followed by
spreading with a cell spreader.)
(7) Incubate at 37°C for 24 hours, then enumerate late
Day 5:
a) Count 0 hour samples.
b) Sample 24 hour samples.
Day 6:
a) Count 24 hour samples.
b) Sample 48 hour samples.
Day 7:
a) Count 48 hour samples.
b) Sample 72 hour samples.
c) Transfer cultures for replicates 2 and 3.
Day 8:
a) Count 72 hour samples.
b) Transfer cultures for replicates 2 and 3.

10)Day 9 — Begins replicates 2 and 3 following th@stdescribed above.

Notes:

» Always do replicate 1 alone. Can do replicates@ &together but do not overlap with
replicate 1 counting. This allows you to eliminatene unnecessary plates and dilutions
which are not required. Do at least 5 dilutionsn@ke sure you catch your count.

=  Expect 9 log CFU/mL from broth cultures.

» Expect 10 to 11 log CFU/mL from plate cultures. €0a decreased suspension volume
recovered from the plate. The agar absorbs sortieediquid added to harvest the cells.)

» Go with the higher dilution factor if two are coabte.

= Can overlap replicates 2 and 3 but need to be agan

» Make media, then peptone tubes, then bulk pep®tierwise, will run out of glassware.
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Appendix B. Phase 2: Antimicrobial Solution Baselin

1)

2)

3)

4)

Day 1:

a) Transfer EC, STEC, and Sal for 4 & 6 log inoculums.
Day 2:

a) Prepare antimicrobial solutions.

b) Transfer EC, STEC, and Sal for 4 & 6 log inoculums.
c) Transfer LM for 4 & 6 log inoculums.

Day 3:

a) Dilute antimicrobial solutions.

b) Transfer EC, STEC, and Sal for 4 & 6 log inoculums.
c) Cut meat pieces and place in styrofoam trays.

d) Harvest EC, STEC, and Sal cells.

e) Inoculate, treat, bag, sample/store following ttieeslule included below.

24,48
Pathogen| Inoculate | Treat hour 6 hour
4EC 6:30 7:00 7:00 1:00
4ES 7:00 7:30 7:30 1:30
4Sal 7:30 8:00 8:00 2:00
6EC 8:00 8:30 8:30 2:30
6ES 8:30 9:00 9:00 3:00
6Sal 9:00 9:30 9:30 3:30
4EC 8:30 9:00
4ES 9:00 9:30
4Sal 9:30 10:00
6EC 10:00 10:30
6ES 10:30 11:00
6Sal 11:00 11:30| 0 hour samples

Day 4 :

a) Cut meat pieces and place in styrofoam trays.

b) Harvest LM cells.

c) Count plates from Day 3.

d) Inoculate, treat, bag, sample/store following ttleeslule included below.

24, 48
Pathogen| Inoculate | Treat hour 6 hour
4EC 7:00
4ES 7:30
4Sal 8:00
6EC 8:30
6ES 9:00
6Sal 9:30
4LM 9:30 10:00 10:00 4:00
6LM 10:00 10:30 10:30 4:30
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5) Day5:

a) Count plates from Day 4.

4LM

10:30 11:00

6LM

11:00 11:30

b) Plating following the schedule below.

6) Day 6:

a) Count plates from Day 5.

b) Plating following the schedule below.

7) Day7:

a) Count plates from Day 6.
b) Clean.

24,48
Pathogen| hour
4EC 7:00
4ES 7:30
4Sal 8:00
6EC 8:30
6ES 9:00
6Sal 9:30
4LM 10:00
6LM 10:30

24,48
Pathogen| hour
4LM 10:00
6LM 10:30

*2 replicates following the schedule outlined harei
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Appendix C. Phase 3: Marinade Baseline

1)

2)

3)

4)

Day 1:

a) Transfer EC, STEC, and Sal for 4 & 6 log inoculums.
Day 2:

a) Prepare antimicrobial solutions.

b) Transfer EC, STEC, and Sal for 4 & 6 log inoculums.
c) Transfer LM for 4 & 6 log inoculums.

Day 3:

a) Dilute antimicrobial solutions.

b) Transfer EC, STEC, and Sal for 4 & 6 log inoculums.
c) Cut meat pieces and place in styrofoam trays.

d) Harvest EC, STEC, and Sal cells.

e) Inoculate, treat, bag, sample/store following ttieeslule included below.

24, 48
Pathogen| Inoculate | Treat hour 6 hour
4Sal 6:30 7:00 7:00 1:00
4EC 7:00 7:30 7:30 1:30
4ES 7:30 8:00 8:00 2:00
6Sal 8:00 8:30 8:30 2:30
6EC 8:30 9:00 9:00 3:00
6ES 9:00 9:30 9:30 3:30
4Sal 8:15 8:45
4EC 8:45 9:15
4ES 9:30 10:00
6Sal 10:00 10:30
6EC 10:15 10:45
6ES 10:15 10:45| 0 hour samples

Day 4 :

a) Cut meat pieces and place in styrofoam trays.

b) Harvest LM cells.

c) Count plates from Day 3.

d) Inoculate, treat, bag, sample/store following ttleeslule included below.

24, 48
Pathogen| Inoculate | Treat hour 6 hour
4Sal 7:00
4EC 7:30
4ES 8:00
6Sal 8:30
6EC 9:00
6ES 9:30
4LM 6:30 7:00 7:00 1:00
6LM 7:00 7:30 7:30 1:30
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4L.M 7:45 8:15
6LM 7:45 8:15 0 hour samples

5) Day5:
a) Count plates from Day 4.
b) Plating following the schedule below.

24,48
Pathogen| hour
4Sal 7:00
4EC 7:30
4ES 8:00
6Sal 8:30
6EC 9:00
6ES 9:30
4LM 7:00
6LM 7:30
6) Day 6:
a) Count plates from Day 5.
b) Plating following the schedule below.
24,48
Pathogen| hour
4LM 7:00
6LM 7:30
7) Day7:
a) Count plates from Day 6.
b) Clean.
Notes:

= *2 replicates following the schedule outlined harei

» Marinades:
0 X =Ken’s Steakhouse Balsamic & Roasted Onion
0 Y = KC Masterpiece Lemon & Cracked Pepper
0 Z = KC Masterpiece Classic Steakhouse
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Appendix D. Phase 4: Marinade + Antimicrobial

8) Day 1:
a) Transfer EC, STEC, and Sal for 4 & 6 log inoculums.
9) Day 2:
a) Prepare antimicrobial solutions.
b) Transfer EC, STEC, and Sal for 4 & 6 log inoculums.
c) Transfer LM for 4 & 6 log inoculums.
10)Day 3:
a) Dilute antimicrobial solutions.
b) Transfer EC, STEC, and Sal for 4 & 6 log inoculums.
c) Cut meat pieces and place in styrofoam trays.
d) Harvest EC, STEC, and Sal cells.
e) Inoculate, treat, bag, sample/store following ttieeslule included below.

24,48
Pathogen| Inoculate | Treat hour 6 hour
4EC 6:45 7:15 7:15 1:15
4ES 7:00 7:30 7:30 1:30
4Sal 7:15 7:45 7:45 1:45
6EC 7:30 8:00 8:00 2:00
6ES 7:45 8:15 8:15 2:15
6Sal 8:00 8:30 8:30 2:30
4EC 9:00 9:30
4ES 9:15 9:45
4Sal 9:30 10:00
6EC 9:45 10:15
6ES 10:00 10:30
6Sal 10:15 10:45| 0 hour samples

11)Day 4 :
a) Cut meat pieces and place in styrofoam trays.
b) Harvest LM cells.
c) Count plates from Day 3.
d) Inoculate, treat, bag, sample/store following ttleeslule included below.

24, 48
Pathogen| Inoculate | Treat hour 6 hour
4EC 7:15
4ES 7:30
4Sal 7:45
6EC 8:00
6ES 8:15
6Sal 8:30
4LM 6:45 7:15 7:15 1:15
6LM 7:00 7:30 7:30 1:30
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4L.M 7:15 7:45
6LM 7:15 7:45 0 hour samples
12)Day 5:
a) Count plates from Day 4.
b) Plating following the schedule below.
24,48
Pathogen| hour
4EC 7:15
4ES 7:30
4Sal 7:45
6EC 8:00
6ES 8:15
6Sal 8:30
4LM 7:15
6LM 7:30
13)Day 6:
a) Count plates from Day 5.
b) Plating following the schedule below.
24,48
Pathogen| hour
4LM 7:15
6LM 7:30
14)Day 7:
a) Count plates from Day 6.
b) Clean.
Notes:

= *2 replicates following the schedule outlined harei
* Marinades:
0 X = Removed from this portion of research due tauailability from
manufacturer and performance comparable to theiclateakhouse marinade.
0 Y = KC Masterpiece Lemon & Cracked Pepper
0 Z=KC Masterpiece Classic Steakhouse
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Appendix E. Colorimeter Settings

Set Up =#94

Standard = WORKING
Display = ABSOLUTE
Average = 2 SAMPLES
ILL/OBS = D65/10*
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Appendix F. Antimicrobial Solution Preparation

1) If the levulinic acid gets solid, place bottle ib@°C water bath for 1-2 hours until
completely thawed.

2) Add 10 mL acetic acid, 10 mL lactic acid, and 10 kebwlinic acid to 250 mL of MilliQ
water.

3) Bring the total volume of the acid solution to 50Q using MilliQ water.

4) Add 100 mL of LAE to the acid solution.

5) Mix solution with stir bar for 1 hour.

6) Add 10 g of chitosan to the solution (Add VERY slgwr it will clump together and not go
into solution) and stir on stir plate overnighti2-hours) until completely dissolved.

7) Store solution at 4°C for up to 1 year. Mix welfdre use.

*Set the stir bar to the highest speed it will gpTWOUT creating bubbles in the solution.
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Appendix G. Sample Preparation, DNA Extraction, PRIBtocol, Gel Preparation,
Electrophoresis and Imaging

Day 1: Sample Preparation and DNA Extraction
1) Harvest cells.

a) Centrifuge at 3650 RPM for 20 min at 37°C.

b) Discard supernatant

i) Wash cell pellet with 0.1% peptone (~3mL)
i) Discard supernatant

c) Resuspend cells in 9 mL 0.1% peptone

d) Create serial dilutions in 9 mL 0.1% peptone tubes
2) Cut meat slices to 100 érand place in styrofoam trays
3) Inoculate meat samples with 1 mL of assigned

a) Spread inoculum with cell spreader

b) Allow 30 min contact time
4) Treat with 30 mL of assigned treatment (Water, ARIS, or AMS+LP)
5) Putin sterile stomacher bag

a) Add 100 mL 0.1% peptone

b) Stomach 2 min at 300 RPM
6) Collect 20 mL of cell suspension into conical tube
7) Centrifuge conical tube at 3650 RPM for 20 min &G
8) Discard supernatant

a) Resuspend pelletin 5 mL 0.1% peptone

DNA Extraction

1) Shake the PrepMan Ultra Sample Preparation Reagahtthen let the reagent settle until
all bubbles have disappeared

2) Using 100 uL per reaction and a sterile pipetamgfer the appropriate quantity of PrepMan
Ultra Sample Preparation Reagent into a 50 mLlsteanical tube or other sterile container

3) Label the tubes and pipette 1 mL of culture brathtaining bacteria into a new 2 mL or
other appropriate microcentrifuge screw-cap tube

4) Spin the tubes in the microcentrifuge at the higepsed for 2 min

5) Aspirate and discard the supernatant using a dapp@sransfer pipette
a) Use a new pipette for each sample. Do not decargdample.
b) Remove as much of the supernatant as possiblewtithsturbing the pellet

6) Using a 1 mL pipette, aseptically add 100 pL ofnepMan Ultra Sample Preparation
Reagent into each tube

7) Tightly cap tubes, then vigorously vortex the sampl

8) Place the microcentrifuge screw-cap tubes in albleak set to 100 °C for 10 min

9) While the samples are heating, label a secondffinb. or other appropriate
microcentrifuge screw-cap tubes

10)Remove the sample tubes from the heat block and/alem to cool to room temperature
for 2 min

11)Spin the tubes in the microcentrifuge at the higbpsed for 2 min
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12)Transfer 50 pL of the supernatant from the spuegubto a second set of labeled
microcentrifuge screw-cap tubes and discard remgisupernatnat. Use 5 pL of supernatant
per assay reaction
a) Refrigerate or freeze sample when not in use

Day 2: PCR Procedure
1. Add the following reagents to 0.1 mL PCR tubes:

PCR Template 2.5uL
Forward Primer (10 uM) 1.25 uL
Reverse Primer (10 uM) 1.25uL
PCR Master Mix (2x) 12.5 ulL
MilliQ Water 7.5 uL
Total Volume 25 uL

2. Place the tubes in the thermal cycler, set the €Rddown” PCR program as follows:

Pre-denaturing 94°C 5 min

Cycling (35 cycles) 94°C 15 sec
58°C 30 sec
72°C 30 sec

Post Extension 72°C 10 min

3. After run, determine the PCR amplicons by 2% agages electrophoresis.

Gel Preparation:

Introduction: Agarose gel electrophoresis is the most commahadeto separate and analyze
DNA. The purpose of the gel may be to visualize@NA, to quantify it, or to isolate a
particular band. DNA is negatively charged duehgugar-phosphate structure. In an electric
field, DNA will be driven toward the positive polis is the motive power of DNA in
electrophoresis. Migrating speed of linear doublargled DNA in agarose gels is dependent
upon the size of the DNA. DNA can be visualizedhe gel with the addition of ethidium
bromide, Gelred, or other suitable alternative.yrbiad DNA strongly, absorb UV light and
transmit energy as visible light. Light intensityreesponds to quantity of DNA which may be
used for DNA measurement.

Material:

DNA Sample

SeaKem LE Agarose

1x TAE Buffer (pH=8.0)

Gelred dye

6x Loading Buffer

Ready Ladder 100 bp DNA

VWR Horizontal Electrophoresis Systems
VWR Electrophoresis Power Supply
Microwave Oven
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Gel imaging system
Pipette and Sterile Tips

Procedure:

1. Weigh 2 g of agarose. Transfer into a 500 mL flask.

2. Add 100 mL of 1x TAE buffer to the flask and mix bgnd shaking.

3. Place the flask in the microwave and heat at higligy for 3 min. Pause the microwave

and shake the flask at every one minute (wear an avitt). Keep the solution boiling for
1 min to melt the agarose completely.

4. Remove the flask from the microwave. The solutioowdd now be clear; if not, reboil.
Cover the flask with foil to reduce evaporation deave at room temperature for 10 min
to allow it to cool to approximately 60°C.

Assemble the gel mold, insert the comb, and placa level table.

Add 5 pL of Gelred dye to gel solution and mix wekave the solution for 3 min to

allow bubbles to settle.

7. Pour the agarose solution into the mold. The lideve! should be above the 1/3 position

of the comb. Drive any bubbles to the lower cowfahe gel by pipette action.

Leave the mold at room temperature for 20 min kwathe gel to solidify.

Add about 500 mL of the TAE buffer to the electropsis chamber. Gently remove the

gel from the mold, remove the comb, and place $Hiengthe chamber, so that the wells

are closet to the negative pole. Make sure thabtifier covers the gel.

10. Pipette 10 pL of the 6x loading dye onto Parafiman approximate 2 pL dots.

11.Pipette 10 pL of the sample into the loading buffets, mix thoroughly by pipette
action. (The dye color will change from an iodimewen color to a deep blue color.)

12.Carefully load 10 pL of the mixed sample and logdwffer into the gel wells, skipping
the first well.

13.Load 10 pL of the DNA ladder into the first well.

14.Place the lid of the chamber on the apparatusckBiathe left, red to the right.) Turn on
the power supply and set the voltage (150) andrt{r6e.9).

15. After the run, turn off the power supply, remove tiel, and thoroughly rinse the gel
with water.

16.Clean the UV imaging apparatus with EtOH. Placegieon the surface.

17.Take a picture. Adjustments can be made withinrtaging system.

oo

©
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Appendix H. Sample Numbering for PCR and Gel Etmgtioresis

No. | logyp | Path.| Treat. | No.|logio | Path.| Treat. | No.|logio| Path.| Treat.
1 9| EC Water 33 g Sal Water 65 9 LM Water
2 9| EC Mar 34 9 Sal Mar 66 9 LM Mar
3 9| EC Mar+Anti| 35 9| Sal Mar+Anti| 67 9| LM Mar+Anti
4 9| EC Anti 36 9| Sal Anti 68 9 LM Anti

5 8| EC Water 37 8 Sal Water 69 8 LM Water
6 8| EC Mar 38 8| Sal Mar 70 8 LM Mar

7 8| EC Mar+Anti| 39 8| Sal Mar+Anti| 71 8| LM Mar+Anti
8 8| EC Anti 40 8| Sal Anti 72 8| LM Anti

9 7| EC Water 41 7 Sal Water 73 1 LM Water
10 7| EC Mar 42 7| Sal Mar 74 7 LM Mar
11 7| EC Mar+Anti| 43 7| Sal Mar+Anti| 75 7| LM Mar+Anti
12 7| EC Anti 44 7| Sal Anti 76 7| LM Anti
13 6| EC Water 45 g Sal Water 77 6 LM Water
14 6| EC Mar 46 6 Sal Mar 78 6 LM Mar
15 6| EC Mar+Anti| 47 6| Sal Mar+Anti| 79 6| LM Mar+Anti
16 6| EC Anti 48 6| Sal Anti 80 6| LM Anti
17 5| EC Water 49 5 Sal Water 81 5LM Water
18 5| EC Mar 50 5 Sal Mar 82 5 LM Mar
19 5| EC Mar+Anti| 51 5| Sal Mar+Anti| 83 5/ LM Mar+Anti
20 5/ EC Anti 52 5| Sal Anti 84 5/ LM Anti
21 4| EC Water 53 4 Sal Water 85 4 1LM Water
22 4| EC Mar 54 4| Sal Mar 86 4 LM Mar
23 4| EC Mar+Anti| 55 4| Sal Mar+Anti| 87 4| LM Mar+Anti
24 4| EC Anti 56 4| Sal Anti 88 4| LM Anti
25 3| EC Water 57 3 Sal Water 89 3 LM Water
26 3| EC Mar 58 3 Sal Mar 90 3 LM Mar
27 3| EC Mar+Anti| 59 3| Sal Mar+Anti| 91 3| LM Mar+Anti
28 3| EC Anti 60 3| Sal Anti 92 3| LM Anti
29 2| EC Water 61 2 Sal Water 93 2 LM Water
30 2| EC Mar 62 2| Sal Mar 94 2 LM Mar
31 2| EC Mar+Anti| 63 2| Sal Mar+Anti| 95 2| LM Mar+Anti
32 2| EC Anti 64 2| Sal Anti 96 2| LM Anti
Primers:

EC1 86593652
EC2 86593653
Sal F 125222061
Sal R 125222062
LM F 125222063
LM R 12522206
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Appendix |. Table of Culture counts following difést growth mediums.

Pathogen Growth | Storage| N | Mean | Standard | P-value
Medium | Time CFU Error

E. coli Broth 0 9| 5.79%| 0.2417 0.31
E. coli Plate 0 9| 5.907 0.2417 0.31
E. coli Broth 24 9| 5.761| 0.2417 0.31
E. coli Plate 24 9| 591§ 0.2417 0.31
E. coli Broth 48 9| 5.84%| 0.2417 0.31
E. coli Plate 48 9| 5.9f3 0.2417 0.31
E. coli Broth 72 9| 5.925| 0.2417 0.31
E. coli Plate 72 9| 5.769 0.2417 0.31
L. monocytogenes | Broth 0 9| 5.628| 0.2417 0.31
L. monocytogenes | Plate 0 9| 5.618 0.2417 0.31
L. monocytogenes |  Broth 24 9| 5.667| 0.2417 0.31
L. monocytogenes | Plate 24 9| 5.886 0.2417 0.31
L. monocytogenes |  Broth 48 9| 5.72%| 0.2417 0.31
L. monocytogenes | Plate 48 9| 5.7320 0.2417 0.31
L. monocytogenes | Broth 72 9| 5.669| 0.2417 0.31
L. monocytogenes | Plate 72 9 5.669 0.2417 0.31

abPData with differing superscripts indicate differesdetween the least squares means
with pooled SEM P<0.05). Meat samples were inoculated and storddGuntil

sampling at 0, 24, 48, or 72 hours. Broth growtldime indicates tryptic soy broth; plate
growth medium indicates plate count agar.
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Appendix J. Table of Effects of a novel antimic@alsolution againdEscherichia coli

0175:H7 strains on fresh beef top round.

Inoculum | Treatment | logi;oCFU | Std. Error

6 log Low 1.8648 0.0962
6 log Water 1.8640 0.0962
4 log Water 1.8020 0.0962
4 log Low 1.5541 0.0962
4 log Medium | 1.304% 0.0962
6 log Medium | 1.1627 0.0962
6 log High 1.0248 0.0962
4 log High 1.0000% 0.0962

abPata with differing superscripts indicate differesdetween the least squares means
with pooled SEM P<0.05).*Indicates the estimate is below the limit of datetivhich

is 1 log. 4 and 6 log cultures Bf coli (EC), STECs (ES)zalmonella (Sal), and..
monocytogenes (LM) were prepared and inoculated onto meat samplesmicrobial
solution was prepared at Auburn University andtddiuo high (no dilution), medium
(1:5), or low (1:10) concentrations the morningl experiment. Dilutions were
prepared using distilled water which also servethasontrol treatment.
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Appendix K. Table of Effects of a novel antimicrabsolution againston-O175:H7

STEC strains on fresh beef top round.

Inoculum | Treatment | logi;oCFU | Std. Error

6 log Low 1.998%1 0.0962
4 log Water 1.9412 0.0962
6 log Water 1.7170 0.0962
4 log Low 1.3201 0.0962
4 log Medium | 1.1512 0.0962
6 log Medium | 1.0752 0.0962
4 log High 1.0000% 0.0962
6 log High 1.0000% 0.0962

abPata with differing superscripts indicate differesdetween the least squares means
with pooled SEM P<0.05).*Indicates the estimate is below the limit of datetivhich

is 1 log. 4 and 6 log cultures Bf coli (EC), STECs (ES)zalmonella (Sal), and..
monocytogenes (LM) were prepared and inoculated onto meat samplesmicrobial
solution was prepared at Auburn University andtddiuo high (no dilution), medium
(1:5), or low (1:10) concentrations the morningl experiment. Dilutions were
prepared using distilled water which also servethasontrol treatment.
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Appendix L. Table of Effects of a novel antimicrabsolution againstalmonella spp.

on fresh beef top round.

Inoculum | Treatment | log;oCFU | Std. Error

4 log Water 1.9213 0.0962
6 log Water 1.7768 0.0962
4 log Low 1.2423 0.0962
6 log Low 1.1438 0.0962
4 log Medium | 1.0000* 0.0962
6 log Medium | 1.0000* 0.0962
4 log High 1.0000% 0.0962
6 log High 1.0000% 0.0962

abPata with differing superscripts indicate differesdetween the least squares means
with pooled SEM P<0.05).*Indicates the estimate is below the limit of datetivhich

is 1 log. 4 and 6 log cultures Bf coli (EC), STECs (ES)zalmonella (Sal), and..
monocytogenes (LM) were prepared and inoculated onto meat samplesmicrobial
solution was prepared at Auburn University andtddiuo high (no dilution), medium
(1:5), or low (1:10) concentrations the morningl experiment. Dilutions were
prepared using distilled water which also servethasontrol treatment.
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Appendix M. Table of Effects of a novel antimicrabsolution againdtisteria

monocytogenes on fresh beef top round.

Inoculum | Treatment | logi;oCFU | Std. Error

6 log Low 1.9236 0.0962
6 log Medium | 1.7690 0.0962
4 log Water 1.7637 0.0962
6 log Water 1.7558 0.0962
4 log Low 1.0927 0.0962
6 log High 1.0383 0.0962
4 log Medium | 1.0000* 0.0962
4 log High 1.0000* 0.0962

abPata with differing superscripts indicate differesdetween the least squares means
with pooled SEM P<0.05).*Indicates the estimate is below the limit of datetivhich

is 1 log. 4 and 6 log cultures Bf coli (EC), STECs (ES)zalmonella (Sal), and..
monocytogenes (LM) were prepared and inoculated onto meat samplesmicrobial
solution was prepared at Auburn University andtddiuo high (no dilution), medium
(1:5), or low (1:10) concentrations the morningl experiment. Dilutions were
prepared using distilled water which also servethasontrol treatment.
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Appendix N. Sample Sensory Form

Project: Fisher Dissertation Research

Date: Aui§eptember 2014

Beef Trained Sensory Evaluation Form

Sample | Initial Sustained Initial Sustained | Flavor | Aroma Off Off Flavor
Number | Juiciness| Juiciness | Tenderness| Tenderness| Intensity | Intensity | Flavor | Descriptor
Intensity
Juiciness Tenderness Flavor Aroma Off Flavor | Off Flavor
Intensity Intensity Intensity Descriptor
8= 8= 8= 8= 8= 8 = Metallic
Extremely | Extremely Extremely | Extremely | Extremely
juicy tender intense intense off flavor
7 =Very 7 =Very 7 =Very 7 =Very 7 = Intense | 7 = Salty
juicy tender intense intense off flavor
6= 6= 6= 6= 6 = Very 6 = Livery
Moderately | Moderately | Moderately | Moderately | off flavor
juicy tender intense intense
5 = Slightly | 5= Slightly |5 =Slightly |5 =Slightly |5= 5 = Sour
juicy tender intense intense Moderate
off flavor
4 = Slightly | 4 = Slightly | 4 = Slightly | 4 = Slightly | 4 = Modest | 4 = Sweet
dry tough bland bland off flavor
3= 3= 3= 3= 3=Small |3 =Vinegar
Moderately | Moderately | Moderately | Moderately | off flavor
dry tough bland bland
2=Verydry| 2=Very 2 =Very 2 =Very 2 =Slight | 2 = Bloody
tough bland bland off flavor
1= 1= 1= 1= 1=No 1 = Other,
Extremely | Extremely Extremely | Extremely Explain
dry tough bland bland
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Appendix O. ANOVA Table Chapter 2: Antimicrobial [Bton

Phase 2 Antimicrobial Solution ANOVA Table

Source| DF SS MS | Fvalue Pr>F
Model | 127| 153.6845 1.2101 5.45| <0.0001
Error 640| 142.1064| 0.2220
Total | 767 | 295.7909

Source DF| Type 1 SS| MS Fvalue| Pr>F
Pathogen 7 12.7267 1.8181 8.19| <0.0001
AMS 3 74.4623 24.8208| 111.78| <0.0001
Pathogen*AMS 21 22.6097 1.0767 4.85| <0.0001
Time 3 0.4487 0.1624 0.73| 0.5334
Pathogen*Time 21 11.8775 0.5656 2.55| 0.0002
AMS*Time 9 2.0369 0.2263 1.02| 0.4228
Pathogen*AMS*Time 63 29.4841 0.4680 2.11| <0.0001

DF = degrees of freedom

SS = Sum of Squares

MS = Mean Square

AMS = The term used to identify the novel antimlged solution developed by
researchers at USDA and evaluated in these studies.

Model includes Pathogen, AMS, and Time. Inoculunméduded in the model as part of
the pathogen.
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Appendix P. ANOVA Table Chapter 3: Marinades aVaaaat Retail Stores

Phase 3 Three marinades available at retail sf&€3VA Table

Source| DF SS MS | Fvaluel Pr>F

Model | 127| 103.7278 0.8168 3.95| <0.0001

Error 631| 130.3565| 0.2066

Total | 758| 234.0843

Source DF| Type1SS| MS | Fvalue| Pr>F
Pathogen 7 32.72924.6756| 22.63| <0.0001
Marinade 3 18.44316.1477| 29.76| <0.0001
Pathogen*Marinade 21 12.4839.5945 2.88| <0.0001
Time 3 12.2699 4.0900| 19.80| <0.0001
Pathogen*Time 21 12.26840.5842 2.83| <0.0001
Marinade*Time 9 4.78810.5320 2.58| 0.0065
Pathogen*Marinade*Time 63 10.7457 0.1706 0.83]| 0.8281

DF = degrees of freedom
SS = Sum of Squares
MS = Mean Square

Model includes Pathogen, AMS, and Time. Inoculunm&duded in the model as part of

the pathogen.
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Appendix Q. ANOVA Table Chapter 4: Retail MarinadeAS

Phase 4 Combined marinades available at retagstind AMS ANOVA Table

Source| DF SS MS | Fvaluel Pr>F

Model | 95| 56.5597| 0.5954 4.97|<0.0001

Error | 480| 57.4753| 0.1197

Total | 575|114.0350

Source DF| Type 1 SS| MS Fvalue| Pr>F
Pathogen 7 15.6710 2.2387| 18.70| <0.0001
Marinade+ 2 26.065213.0326| 108.84| <0.0001
Pathogen*Marinade+ 14 5.06900.3621 3.02| 0.0002
Time 3 0.3864 0.1288 1.08| 0.3590
Pathogen*Time 21 3.7440 0.1783 1.49| 0.0756
Marinade+*Time 6 0.9688 0.1615 1.35| 0.2340
Pathogen*Marinade+*Time 42 4.6553 0.1108 0.93| 0.6069

DF = degrees of freedom

SS = Sum of Squares

MS = Mean Square

AMS = AMS = The term used to identify the noveliamtrobial solution developed by

researchers at USDA and evaluated in these studies

Marinade+ = The marinade served as the dilueniutedhe AMS to the medium (1:5
dilution) concentration.

Model includes Pathogen, AMS, and Time. Inoculunméduded in the model as part of
the pathogen.
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