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CHAPTER 1. GENERAL INTRODUCTION
Recently, the natural and organic markets haveoebeol in popularity amongst

consumers and have driven meat processors to gepedservative free products. Because
of concerns regarding the formation of carcinogeomimpounds called nitrosamines, nitrite is
one of the preservatives not allowed in natural @génic meat products. Nitrite is
particularly important in cured meat products beseaof the unique flavor, color, and
inhibition of the pathoge@lostridum botulinumin order to create a product without
synthetic nitrite and still provide the same unigharacteristics listed above, processors
have turned to natural compounds such as celer®.jui

Celery juice, along with other vegetables, contagh amounts of nitrate. With the
appropriate conditions and starter cultures, thratei can be converted to nitrite. Currently,
manufacturers of the nitrate-rich celery juice hdegeloped a product that pre-converts the
nitrate to nitrite. This allows the processerskip she incubation step and directly add the
pre-converted concentrate to the meat block. Howevi¢h inclusion percentages of the
celery juice ranging between 0.2-0.4%, increaseldqgogen growth@.perfrigens & Listeria
monocytogengsas been observed when compared to traditionalgd products.

L. monocytogendsas recently been a prominent concern to the ifodastry because
of its ability to survive refrigeration temperatarand contaminate ready-to-eat foods. Since
consumers do not necessarily always heat treay+teaeat foods, they easily can fall victim
to this organism if the product is contaminatede Téason this organism is highly
scrutinized, is the fact that a large percentagé®individuals who contract listeriosis,
result in death. With continued recalls within theat industry, more research is needed to

better understand the effects that naturally cpreducts have oh. monocytogenes
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Thesis Organization
This thesis is organized into four chapters. Titet €hapter encompasses a general

introduction to the main topics discussed in thesig. The second chapter contains a
literature review on pertinent topics related te tesearch within the thesis. The third
chapter entails the manuscript entitled “The eftéqiH and nitrite concentration on the
antimicrobial impact of celery juice compared wsthdium nitrite orListeria monocytogenes

on restructured ham.” The fourth chapter is a gdremmary of the research.
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CHAPTER 2. LITERATURE REVIEW

History of Nitrite and Nitrate
The exact discovery of curing by whom is unknowithiis day, but considerable

history has shed light on the approximate periotineé curing practices were in use (Pegg &
Shahidi, 2000). Preceding the curing process wasisk of salt as a meat preservative dating
back to 1600 BC in the Jewish Kingdom, China, Babid, and Samaria (Jensen, 1953).
There they learned that covering meat in salt elddrihe shelf-life significantly compared

to meat without a coating of salt (Pegg & Shal0i00). The meat was able to maintain its
guality due to the effect of salt decreasing thalable water, thus limiting microbe growth.
Along with the drying effect of salt came an unagdpe gray color seen in the meat (Pegg &
Shahidi, 2000). It quickly became apparent whengiparticular types of salt, the
development of a reddish color was observed, thosrating the gray color outcome. This
was due to the fact that the source of salt coathiraltpeter” (potassium nitrate) or what we
call sodium nitrate today (Binkerd & Kolari, 197%)stead of having a salt source that was
strictly salt, these sources were adulterated mittlate. When introduced to a meat system
the nitrate would be reduced to nitrite, which tesliin a red color, unique flavor, and
extended shelf life associated with cured meats.

Functions of Nitrite and Nitrate

Color
The typical red color found within cured meat protdus due mainly to nitrite and

not nitrate. Both Kisskalt (1899) and Lehmann (1)8%&ve evidence in their studies that
nitrite was indeed responsible for creating thea@dr found in processed meats. Two years

later, a scientist by the name of Haldane studieccause of the unique red color in cured
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meats and determined that the pigment nitrosylhéobogy(NOHb) was converted to
nitrosylnemochromogen during the heating procesdddhe, 1901). This conversion was
determined to be solely responsible for giving i appearance in cooked cured meats.
Hoagland reconfirmed this in his studies and wentiooexplain that the reduction of nitrate
to nitrite is critical for forming NOHb (Hoagland908). The chemistry behind this reaction
reduces nitrate to nitrite, which in turn creatgsaoxide. The nitric oxide then attaches
itself to the heme of the hemoglobin (cooked curets) or myoglobin (uncooked cured
meats) to create the red color seen in the firadyet (Cassens et al., 1979; Pegg & Shahidi,
2000). Based on this information, nitrite begabécadded directly to meat blocks instead of

nitrate in the early 1900’s (Pegg & Shahidi, 2000).

Flavor

Lipid oxidation contributes greatly to meat flavadmterioration (MFD) and warmed-
over flavor (WOF) found in meats (Shahidi, 1992)eTformation of tasteless primary
products from lipid oxidation, such as hydroperesidforms secondary products through
their degradation such as aldehydes, acids, alkatkenes, esters, etc (Shahidi, 1992).
Aldehydes in particular are responsible for MFD &M@F (Shahidi, 1992; Toldra et al.,
2009). It is common knowledge that unsaturateq fattds have increased susceptibility to
lipid oxidation, and with increased amounts of th&dty acids in meat, faster rates of
degradation are found. In a study by Cross andI&i€965), they found that when nitrite
was used in the formulation there were decreasediars of aldehyde formation, which
indicated nitrite was an effective antioxidant. Adpwith decreased aldehyde formation,

studies have shown that lower concentration offestee found in nitrate/nitrite added
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products (Flores et al., 1998). Barbieri et al.92Pand Parolari (1996) denoted the large
ester formation in Italian ham was due to a lackitte/nitrite added to the formulation.
Like aldehydes, esters contribute to the aged fteeadr, which if present in large amounts,
can create undesirable flavors (Barbieri et al92)9Because nitrite retards lipid oxidation, it
contributes to the cured meat flavor by retardin@Mand MFD (rancidity) from occurring.
However, many researchers have suggested thatat enly nitrite that produces the cured
flavor but a combination of nitrite and other vdid produced from the complex
environment of meat (Toldra et al., 2009). Sineertieat system is so multifaceted, the exact
compound responsible for the cured flavor remamigiawn.
Lipid oxidation

It is well known that lipid oxidation is one of timeain contributors to deterioration in
meat and poultry products. Nitrite far exceeds atimgr antioxidant in delaying the onset of
rancidity and warmed over flavors. In 1980, reslears compared prominent antioxidants
[butylated hydroxytoluene (BHT) and citric acid]tarying degrees (50 ppm , 200 ppm, 500
ppm) of nitrite treatments (McDonald et al., 198)ey found the reduction in thiobarbituric
acid (TBA) to be superior to the other antioxidaaitg&ny concentration of nitrite. Other
studies indicated that at low concentrations (asde 20 ppm) nitrite was still significantly
effective at reducing TBA values (Morrissey & TigAnhgana, 1985; Al-Shuibi & Al-
Abdullah, 2002). Sebranek (2009) suggested tleagtiect of nitrite was due to its ability to
create nitric oxide, which then would bind itselfthe heme group and create nitriso- and
nitrosyl- compounds that had antioxidant capabsiti Since, nitrite is so effective, the

United States Department of Agriculture (USDA) pashibited the use of synthetic
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antioxidants in cured products (Sindelar & Milkows¥011). One exception to the rule is
dry and semidry sausages.
Microbiological implications

Clostridium botulinum

Nitrite not only contributes to meat color andvffa characteristics, but also provides
antimicrobial capabilities within meat products. hit comes to gram-positive and gram-
negative bacteria, nitrite is an effective antirolmal, however, yeasts and molds are
unaffected by nitrites’ presence (Tompkin, 2008)ost commonly associated as nitrite’s
antimicrobial target i€lostridium botulinum This organism is of particular importance
because of the harmful toxins it produces and whese are ingested by unknowing
consumers, detrimental symptoms such as nauseajngnparalysis of muscles, double
vision are typical, and in severe cases, deathredBegg & Shahidi, 2000). Low incidence
of C. botulinumtoxin production in cured meats is largely duéh addition of nitrite to
these meat systems. Speculations of the exact misamahich allows nitrite to inhibiC.
botulinumare as follows: 1) formation of substance deribgahitrite reactions with meat
compounds, 2) nitrite is an oxidant or reductanntacellular enzymes, 3) nitrite interrupts
C. botuliummetabolism by making less iron available, andi#ita reacts with cell
membranes which minimizes transport of substansssngial forC. botulinummetabolism
(Sofos et al., 1979; Benedict, 1980). Howevegraktviewing many studies, conclusions on
the exact mechanism of how nitrite inhib@sbotulinumis still inconclusive. To put the
importance of nitrite in preventin@. botulinumin prospective, an article that was printed in

2001 stated that since 1899 (when direct nitrieeinsreased) there were 51 home-processed
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meat outbreaks, and of those 51, 43 were from @dconeat products (Archer, 2001; Pierson
& Smooth, 1982).

Clostridium perfringens

Clostridium perfringenss a spore-forming, gram-positive organism (Mol
Matthews, 2005). When inadequate heating or coaouyrs, spores are formed, which may
result in illness when consumed. The spores caasida and cramp-type symptoms by
attaching themselves to the villi within the inteat tract (Montville & Matthews, 2005)C.
perfringensis especially problematic within foodservice tyguerations because of the large
amounts of food that are prepared. The problenesiishen improper cooling or heating of
the product occurs and causes the food produetitomfo the dangerous temperature range
of 50°C to 15°C (for cooling) (Labbe, 1989) or irtkee optimal temperature range for
perfringensgrowth, 43-45°C (Taormina & Dorsa, 2004). The antaf spores ingested
determines the severity of the symptoms.

In order to control the growth of the harmful spopeoduced fronC. perfringens
the U.S. Food Safety and Inspection Service (F&k3ted stabilization guidelines for
processors to follow (USDA, 1999). According to thedelines, “all ready-to-eat meat and
poultry products must reach an internal temperdtetereen 54.4°C and 26.7°C within 1.5
hours and reach an internal temperature betweé&fiQ@&nd 4.4°C within an additional 5
hours after being thermally processed (6.5 houed tmoling time)” (USDA, 1999). If the
products contain a minimum of 100 ppm nitrite, “theernal temperature must be between
54.4°C and 26.7°C within 5 hours and be betweed°®6and 7.2°C in an additional 10

hours of being thermally processed (15 hours taialing time)” (USDA, 1999). Another
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means to control the spore formation®fperfringends to add nitrite to the meat or poultry
product. It has been proven in multiple experiménés nitrite effectively inhibit<.
perfringens(Perigo & Roberts, 1968; Sauter et al., 1977).dtecent work has suggested
that nitrite blocks the sulfhydryl sites with@ perfringenswhich explains why nitrite is
able to administer it’'s bacteriostatic effect oa trganism (Tompkin, 2005).

Listeria monocytogenes

Along with C. perfringensnhibition, nitrite has been found to conttosteria
monocytogenegrowth (Duffy et al., 1994; Ngutter & Donnelly, @B). Listeria
monocytogenesas become a hot topic of concern for meat procgsscently due to its
ability to withstand an adverse environment likigigeration temperatures as well as
contamination of ready-to-eat meats (Lungu e2&l09). The inhibition and control of this
organism has become the primary and emerging fe@ths the industry and academia. As a
result, the focus of the work in this thesis isLomonocytogeneas “uncured, no nitrate or
nitrite added” processed meats.

Listeria monocytogenas a gram positive organism that also facilitdeesiltative
anaerobic and non-spore forming characteristicggfi&a& McLauchlin, 2008; Lungu et al.,
2009). It was first discovered in 1926 in the Uditdngdom within laboratory rodents
(Murray et al., 1926). In 1936, the implicationstlos bacterium became evident when its
infection, listeriosis, caused abortions in pregvaomen and meningitis in adults (Gray &
Killinger, 1966). Populations that are immunocompiged such as pregnant women,
children, and the elderly are especially pronestetiosis (Liu, 2008). Upon contracting

listeriosis 20-30% of the cases result in deathg@ay, 2003). Its ability to withstand non-
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optimal environments, such as refrigeration tentpeesa, makes this organism very
challenging to control in food processing plantsaBy-to Eat (RTE) meats are of particular
concern because these products do not requird@dliheat treatment by the consumers
once purchased from the grocery store. These rhaaésalready been heat treated by the
manufacturer, but cross-contamination of slicerseorperature abuse, can reintroduce
monocytogenethat might have otherwise been killed at the trenpnocessing step (Reij &
Den Aantrekker, 2004). Not only is listeriosis @lpci health problem, but there can also be
devastating economical outcomes for the vitalitynglat manufacturers upon its outbreak.

Growth factors

Listeria monocytogenas very problematic to food processers for maagoas.
First, its psychrophillic nature allows it to gr@awrefrigeration temperatures (Wagner &
McLauchlin, 2008). It can also survive as low a8 @hd as high as 45°C, but prefers a
temperature range comprised of 30-37°C (Liu, 200®timal pH for this organism is 7.1
and can range from 3.0-9.6 (Lungu et al., 2009E Rieats are of particular concern because
of their high water activity (Aw>0.92) arld monocytogenegapability of surviving salt
concentrations up to 10% (Wagner & McLauchlin, 206®r optimal growth..
monocytogeneseeds to consume riboflavin, thiamine, thiocticlaamino acids and
carbohydrates (mainly glucose) (Liu, 2008; Lungalet2009). Since, meat is comprised of

many of these nutrients, it is evident whymonocytogenesan thrive in meat products.

Outbreaks
The reality of the dangets monocytogenamposes on the human population are

well known. In 1998, 100 cases of listeriosis weailased by contamination of hot dogs
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within the United States (Evans et al., 2004) him $ame year, another outbreak occurred
with frankfurters, and of 108 cases, it causeddaklts and 4 miscarriages/stillbirths (Mead
et al., 2006). Between the years 1996-2000, 60%l oécalls were implemented duelto
monocytogeneadulteration (Wong et al., 2000). Even with irased control and
preventative measures taken in previous yeargahloupe outbreak in 2011 reminded us
we still have obstacles to overcome in both thelfand meat industry. A total of 146 cases,
40 deaths, and 1 miscarriage occurred in 28 st@fe€, 2011). With increasing incidences
manufacturers as well as consumers have exprdssedoncern and because of this, the

prevention of listeriosis has become a promineiatripy.

Prevention and Control

Pre-requisite programs
As previously discussed, avoiding outbreaks isiatuand to do so requires the

proper execution of prevention protocols. Pre-redgiprograms such as Good
Manufacturing Practices (GMP) and Standard Saaridfiperating Procedures (SSOP) are
effective means of reducing contamination (RobBindcSwane, 1994). Since, poor
personnel hygiene is one of the most common caafdesd-borne iliness infections, these
programs offer efficient control steps by impleniegtproper sanitation techniques for food
handlers (hand washing, etc.) (Robbins & McSwaf84). Along with excellent personnel
hygiene practices, sanitation of equipment is agrogissential component to the success of
the pre-requisite programs. RTE meats are espguoigliherable to recontamination from
slicers, knives, peeling and other food contadteses after they have exited the thermal

processing step (Reij & Den Aantrekker, 2004). 8ih871, manufactures have instituted
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HACCP (Hazard Analysis and Critical Control Poirgsdgrams as a means to control food
borne pathogens (DHEW, 1971). To regulate the meéaistry even further, the U.S.
Department of Agriculture Food Safety and Inspectervice (USDA-FSIS) implemented a
zero-tolerance policy fdr. monocytogenes 1980 (USDA, 2003). Even with all these
preventative programs installed, a combinationrogpams and new intervention methods,

such as natural nitrite sources, are needed tpiftlibit L. monocytogenes

Organic acid salts
Recently, an increased demand for products deemadral” or “organic” have led

producers to look into effective natural antimiaedb as alternatives to commonly used
synthetic counterparts. Within meat products, & baen demonstrated by numerous studies
that organic acids provide antilisterial effectsb@ndi & Shelef, 2002; Porto, et al., 2002; Lu
et al., 2005). Within those studies, dipping andusion within the meat batter have been
prominent methodologies of incorporating the orgasailts. Various forms of diacetate and
lactate are the most commonly used organic sattémiReady-To-Eat (RTE) meat products
(Theron & Lues, 2007). Both diacetate and lactateeha synergistic effect dn
monocytogeneshen in combination with each other or anotheaarg salt (Samelis et al.,
2005; Thompson et al., 2008). Thompson et al. (R@Rdéd that sodium diacetate is more
effective in combination with sodium lactate thehen either is alone. The industry
commonly incorporates lactates between 1.5% arf 8vBich then can be added by itself or
in combination with sodium diacetate at 0.125%.2500 (Thompson et al., 2008; Tompkin,
2002). Although, organic acid salts have showngwdry effective in reducing.

monocytogenegrowth, they lack the ability to provide initia@thality to the organism
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(Porto-Fett et al., 2010). It has been demonstaydelorto-Fett, et al. (2010) that in addition
to potassium lactate and sodium diacetate, laugioate applied after peeling provided an
effective solution that delivered both suppressiod initial lethality of listeria on
frankfurters. Through the use of organic saltsceon has been continuing to mount, because
of the possibility that acid-tolerant foodbornehmagens could occur (Quintavalla & Vicini,
2002). By adding the organic acid salts, the pHel@ywhich in turn could give rise to the
acid tolerance response (ATR) by the microorgar{iBheron & Lues, 2007). In some cases
the organism would then become resistant to heat éRal., 1999), osmosis, and salt (Leyer
& Johnson, 1993), which is of great concern togteecessor.
Nitrite

It is common knowledge that nitrite is an effeetantimicrobial in regards 0.
botulinum but it is also effective againist monocytogeness well. Many studies have
determined that the addition of nitrite does irt f@ducel.. monocytogenegrowth
(Buchanan et al., 1989; McClure et al, 1991; Sehlgt al., 1993). Duffy et al. (1994)
determined that when sodium nitrite was combingtt sodium ascorbate, tihe
monocytogenegrowth was significantly reduced by increasingdbacentration of residual
nitrite. Residual nitrite has been shown to eftBetgrowth ofL. monocytogenesVithout
enough ingoing nitrite added to the meat prodiet, résidual nitrite concentration is not
sufficient to protect against this ambiguous orgamiNumerous studies have indicated that
low concentrations of ingoing nitrite (e.g. 30 ppang¢ inadequate (Buchanan et al., 1989;
McClure et al., 1991; Schlyter et al., 1993). Whégiewing the studies it became evident

that pH directly affected nitrite’s listericidal iity. The growth ofL. monocytogene®r the
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treatment combinations of nitrite and pH 5.3 ooleilvere not detected in the McClure et al.
(1991) study, thus rendering this combination sigpeNitrite treatments with a pH of 6.0 or
above failed to inhibit or suppress growth (McCletel., 1991). Other factors such as,
vacuum packaging, high salt (NaCl) concentratiansl, low refrigeration temperatures all

contribute to enhancing nitrites effect bnmonocytogened ompkin, 1983).

Regulations of Nitrite and Nitrate
The method used in the curing process dictatesthemum allowable ingoing

nitrite and nitrate amounts. For comminuted pro@hotogna, salami, etc.), 156 parts per
million (ppm) is the maximum sodium nitrite additibased on the green weight of the meat
block (USDA, 1995). When using nitrate in theseducts the maximum quantity is 1718
ppm (USDA, 1995). For immersion and massaged cui§ ppm sodium nitrite is the
maximum allowed concentration and when using r@friite maximum concentration is 700
ppm. Dry curing limits are 625 ppm and 2187 ppmnidrite and nitrate, which are based on
the green weight of the product. The nitrite oraté would be applied directly to the surface
of the meat product (country ham, prosciutto, etng dried for an extended period of time.
It is important to keep in mind that the Unitedt8saDepartment of Agriculture (USDA) has
mandated that all products considered cured araelddisKeep Refrigerated” must have a
minimum of 120 ppm ingoing nitrite. However, if theocessor can verify an effective
alternative to providing food safety through a eliéint preservation process (thermal
processing, pH control, moisture control), theyaltewed to fall below 120 ppm (USDA,

1995).
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Since the discovery of nitrosamine formation icdraand its link to cancer, bacon
has unique nitrite inclusion limits. For pumped /ananassaged bacon without the skin, 120
ppm ingoing sodium nitrite is required. However,fSrequires that 550 ppm of sodium
ascorbate or sodium erythorbate to be includeditinmze the amount of residual nitrite
produced by the cure, thus minimizing the nitrogsrproduction. For immersion cured
bacon without skin, the maximum ingoing nitrite centration is 120 ppm. Dry cured bacon
without skin allows up to 200 ppm of nitrite thaincbe added during the process. When the
skin is present in either pumped/messaged, immeoselty cured bacon, the maximum
limits of ingoing nitrite and sodium erythorbatesmdium ascorbate need to be adjusted
according to a 10% reduction (USDA, 1995). The I@®#action is based on the skin
comprising approximately 10% of the pork belliesgi Since, the skin barely absorbs any
nitrite or curing accelerators the reduction mustiade to represent the actual weight of
meat that is retaining nitrite and the acceleratdDA has prohibited any use of nitrate in

bacon products due to the risk of increased nitnisa formation (USDA, 1995).

Health Benefits of Nitrites and Nitrates
Nitrites and nitrates are commonly deemed syrthmstinature and are not considered

natural substances. This misconception has latgggy fueled by epidemiological studies
indicating that all dietary nitrites and nitratesise cancer. However, the general public is
unaware of the fact that fruits and leafy greenetales contain nitrate. The high amount of
vegetables consumed in the Mediterranean diet éas thought to have contributed to the
reduced incidence of health diseases, such avastiular disease. (Lundberg et al., 2006;

Hord et al., 2009). When compared to the averagst®ie diet, the Mediterranean diet
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contains up to 20 times more nitrite and nitratar; 2006). When the vegetables are
consumed, bacteria in saliva reduces nitrate taeniFrom here, nitrite gets converted to
nitric oxide by the acidic environment of the stamgaand is the molecule responsible for
many health benefits (McKnight et al., 1997). Nitoixide homeostasis in the body has been
shown to be key in avoiding diseases and maintgioptimal health. As humans age, the
ability to produce nitric oxide begins to decreasd a nitric oxide deficiency occurs
(Parthasarathy & Bryan, 2012). Since nitric oxiteyp an important role in maintaining
optimal blood pressure levels and aids in contrglthe blood flow within the cardiac
muscle (Bryan & Hord, 2010), it is evident why aldedividuals need an increase in dietary
nitrite/nitrate. Studies have shown that nitraepementation have reduced the risk of
hypertension, atherosclerosis, heart failure, Anahtbosis (Lundberg et al., 2009; Bryan &
Loscalzo, 2011). Along with cardiovascular improws nitrate consumption has also been
proven to improve physical endurance. By increasixygen circulation, nitrate
supplementation demonstrated its effect on enhgrahiysical performance in various
studies (Larson et al., 2010; Lansley et al., 204drphy et al., 2012). With the mounting
research in favor of increased performance, athledwe begun to supplement themselves
before exercise to increase the amount of nitreddable, which will aid the body in its need
of oxygen. Even though there are many positivethealtcomes to supplementing nitrate,
caution should be taken to avoid toxicity. Nitraggen at higher doses, is nontoxic, because
only a small fraction of it is converted to nitriieundberg et al., 2011). However, nitrates’
reduced form, nitrite, is very toxic at low conaatibns (100-200 mg/kg) (Lundberg et al.,

2011). A runner was reported to have taken sodhitnte before exercise, and mistakenly
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thought that the substance was nitrate (Lundbead},62011). In doing so he developed
nitrite toxicity symptoms which are associated with condition methemoglobinemia

(Lundberg et al., 2011).

Health Concerns Associated With Nitrites and Nitraes
During the 1950’s the first reports of carcinogenitrosamine formation were

discovered. Nitrite was being used to preserverfiglal which was the primary feed source
within mink farms. The farmers started to noticatttihe mink developed unusually high
numbers of tumors while on this diet. It was so@tavered through a rat model experiment,
that the nitrites that were added to the fish meatge reacting with the free amines and
forming the carcinogenic compounds, nitrosamindsckvcontributed to the tumor
development seen in the mink (Barnes & Magee, 1PBgee & Barnes, 1956). Fish are a
primary example of how meat contributes to nitrosenformation. Because of its high
amounts of free amines, this meat system is high$geptible to producing nitrosamines.
Within other meat systems (cured meats) secondanyes react with nitrite, which also
creates carcinogenic nitrosamines that were settreifish meal. It wasn’t until 1970 when a
report entitled “Nitrosamines as Enviromental Caogens” was published that widespread
public concern emerged (Lijinsky & Epstein, 197D)e authors reported that either
secondary amines or nitrites must be eliminate@naove the risk of cancer formation via
nitrosamine consumption. Extensive investigati@garding nitrosamines were conducted in
order to determine which laws should be put inelto reduce the risk of nitrosamine
formation. It was unveiled that specific conditicare required to produce nitrosamines,

which include: secondary amines, presence of @jtnéutral pH, product temperatures
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reaching above 130°C (Sindelar & Milkowski, 201Bxcon became the primary cured meat
product of concern, because of the high tempermaitieas subjected to during the most
commonly used cooking preparation; frying. To regltlee nitrosamine formation, in 1978
regulations mandated that a maximum of 120 partsng&on (ppm) of nitrite and a

minimum of 550 ppm sodium ascorbate or sodium engéte be added to bacon in order to
reduce the amount of nitrite within the producn(lar & Milkowski, 2012). Along with

the bacon regulations, all cured products wereesitdjl to maximum levels of nitrite that
could be added to the product that would maintailative low risk of nitrosamine

consumption.

“Uncured” Processed Meats

Recent curing alternative
Recently, in the last few years the organic andnahtnarkets have exploded in

popularity and have resulted in opportunities f@atprocessors to increase their earnings.
Consumers looking for alternatives to highly “presed” foods have driven the market
towards food products of natural and organic origimeir concerns center around issues of
pesticides, hormones, antibiotics, and chemicaitiaed (Devcich et al., 2007). The
prominent chemical additive of concern is nitriterlate. With past research claiming that
nitrites are hazardous compounds that cause ayp @rrermful health issues (e.g. cancer)
has the public on defense about its use (Barnesaged, 1954, Lijinsky & Epstein, 1970).
Even though many studies have shown beneficiat®fief dietary nitrite/nitrate (McKnight
et al., 1997; Lundberg, et al., 2009; Bryan & Lds0a2011; Parthasarathy & Bryan, 2012)

and USDA making extensive efforts to reduce ingaiitgte and nitrate concentrations
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(USDA, 1995), the overall perception of consumerstill negative. In order to call a product
organic or natural, it must not contain sodiumitatrTo continue to produce a product that
has the same characteristics of a conventionaligccproduct, manufacturers began to find
alternatives to sodium nitrite that are deemeduradt and “organic.” Juices derived from
celery juice, lettuce, carrot, spinach, and beetgain detectable amounts of nitrate that can
be added to meat products and still produce the sdvaracteristics (color, food safety,
flavor) typically seen in conventionally cured sysis (National Academy of Sciences, 1981;
Sebranek, 2006). Beets have high nitrate concentstbut due to its high pigment
concentration, USDA does not permit it in natunalducts because it is defined as a
“coloring agent” (Sebranek & Bacus, 2007). Celeryhe most commonly used source of
nitrate because it has very little vegetable pignaea a mild flavor, thus limiting the impact

on the final meat product (Sebranek & Bacus, 2007).

Labeling
Currently, there are two categories of uncured itrate/nitrite-added meat products.

The first is the product that is truly “uncured,hiwh contains absolutely no nitrate or nitrite,
and there was no intention by the manufacturedtbiaduring the process (Sindelar et al.,
2007a). Without the addition of nitrate or nitritee products create negative quality
attributes, which negatively effects the consunperseption and acceptability of the product
(Hustad et al., 1973; Brown et al., 1974; Froehéthl., 1983). In addition, the absence of
nitrate or nitrite also impacts the microbiologigalality, and in turn reduces shelf life
significantly. The second category includes proslticat had a source of nitrate or nitrite

intentionally added during processing (Sindelaalgt2007a). These products mimic the
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characteristics of flavor, color, aroma, and sepsormally scene in conventionally cured
meat products (Sindelar et al., 2007a). Accordmg $DA (2010a; 2010b), the following
must be included when labeling an “uncured” product

“Any product, such as frankfurters and corned b&mfwhich there is a standard in

this part and to which nitrate or nitrite is penedt or required to be added, may be
prepared without nitrate or nitrite and labeled hwiuch standard name when
immediately preceded with the term “Uncured” ihet same size and style of

lettering as the rest of such standard ndPnevided, That the product is found by the

Administrator to be similar in size, flavor, corsiscy, and general appearance to
such product as commonly prepared with nitrateratnde....”

‘o which contain no nitrate or nitrite shall bear statement “No Nitrate or
Nitrite Added.” This statement shall be adjacemthe product name in lettering of
easily readable style and at least one-half threafizhe product name.”

“ the statement “Not Preserved—Keep RefrigeratedBelO °F. At All Times”
unless they have been thermally processed to Forbe; they have been fermented
or pickled to pH of 4.6 or less; or they have bdead to a water activity of 0.92 or
less.”

Most processers produce uncured products to prowetd that is of “natural” origin. To

create a product of natural origin the processarstriollow regulations set by the USDA

(2005):
“(1) the product does not contain any artificiavibr or flavoring, coloring
ingredient, or chemical preservative (as definedlirCFR 101.22), or any other
artificial or synthetic ingredient; and (2) the guzt and its ingredients are not more
than minimally processed. Minimal processing majude: (a) those traditional
processes used to make food edible or to preseovéa make it safe for human
consumption, e.g., smoking, roasting, freezingirdyyand fermenting, or (b) those
physical processes which do not fundamentally #teraw product and/or which
only separate a whole, intact food into componeantsg’

It is important to remember that nitrate/nitritecansidered a chemical preservative and is

not allowed in “natural” labeled products. To maintthe incorporation of nitrate and nitrite

in natural products processors turned to compolikelselery powder, which naturally
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contained nitrate. With the help of current proesshiey were able to create nitrite by adding
starter cultures to stimulate the conversion frotrate to nitrite. Other chemical
preservatives such as phosphates, antioxidantsB@.f), and sodium lactates are also

prohibited from use in natural products (Sindetaale 2010).

Curing process
During the manufacture of uncured products itsseatial to have the proper amount

of ingoing nitrate/nitrite. Manufacturers of thdery powder have suggested inclusion
percentages based on the weight of the entire b@i2%-0.4% is what is most commonly
used when integrating celery juice into the meatipct. Sindelar et al. (2007a) found that
0.4% celery juice in frankfurters did not emit nega sensory (aroma, flavor) characteristics
that would be associated with the vegetable additiowever, when they incorporated the
celery juice into a ham product at 0.35%, the sgnganelists were able to detect vegetable
flavor and aroma of the celery powder (Sindelaalet2007b). Based on these results it is
important to keep the type of product you are pooayin mind when determining the
percentage of celery powder to use. An equilibrafrenough ingoing nitrate/nitrite and
vegetable off flavors must be maintained with gaiddtess. When using celery powder in its
nitrate form, processing of that meat product nmdtide an incubation step. The nitrate
within the celery powder is converted to nitritengsstarter cultures, such &saphylococcus
carnosugSindelar et al., 2010). Temperature and time imecorucial for optimal

conversion within the product. The optimal tempamtor nitrite reductase activity is when
the internal temperature of the product reachesdsat 90-100°F. The incubation step can

last anywhere between 1-2 hours, depending oniétmeeder of the product (Sindelar et al.,
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2010). When producing a frankfurter the incubapenod is 120 minutes compared to 90
minutes for smoked sausage (Sindelar et al., 2&i0ge the frankfurter has a smaller
diameter, more time must be given to the producbtovert the nitrate to nitrite before it is
thermally processed. Since, the diameter is sitia&lamount of time it takes to reach the
ultimate cooking temperature is much shorter thiarger diameter product (smoked
sausage). If not given enough time, the starteuiwill be killed before it completes an
adequate conversion; thus reducing the nitritegoies

Processors became disgruntled by having to waihaurs for the conversion to take
place. So, the producers of the celery powder dgeel a pre-converted nitrite product.
Now, instead of waiting for the incubation stefptocompleted the processors are able to
add the pre-converted celery powder directly tortteat, and are immediately able to
thermally process after preparation. The developktise pre-converted nitrite created a
process that allowed them to conduct the incubatiep in their facilities and manufacture
the converted powder as a one-step addition sitmilaonventional nitrite’s inclusion. By
doing so, the accuracy of ingoing nitrite was imyaa and celery powder products had

higher ingoing nitrite concentrations than previgseen.

Challenges
A major controversy pertaining to uncured meat pobsl is how they are labeled. As

stated previously, USDA mandates that any uncuredytet must state that no nitrates or
nitrites are added. To many in the meat industig, i a false statement and is misleading to
the consumers. They believe that they are not ecomgunitrates/nitrites, when in fact they

are. The only difference is that the nitrates aitrites are coming from natural forms found
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in vegetables. With the increasing demand of theglpct category, there has been a rise in
concern with the misleading information on the laBeirrently, USDA is considering
revising uncured labeling to provide a more ac&rapresentation of these products.
Perhaps even more importantly than labeling isapegoncerns pertaining to the
safety of uncured processed meats. Even thougé #nersimilarities to overall product
gualities between no-nitrate/nitrite-added uncuaed conventionally cured products,
guestions have been raised about whether or notottmtrate/nitrite-added products do in
fact provide the same microbiological safety asvemtionally cured products. Studies have
found that the no-nitrate/nitrite-added uncureddpiets were subpar in reducing
microbiological growth when compared to conventldreatments (Sindelar, 2006; Wanless
et al., 2010; Schrader, 2010; Sullivan et al., 20This is attributed to lower ingoing nitrite
then conventional treatments, which contributeleweer residual nitrite concentrations
(Sindelar et al., 2010). Without enough residutilte, it creates an environment suitable for
microbiological invasion, thus reducing the shd#é hnd safety of the product. Current pre-
converted celery juice powders contain 10,000-1% ) nitrite (Sindelar et al., 2010).
Only 1% of celery juice powder is nitrite (DjeriQ20), compared to conventional cure that is
67% nitrite. In order to have the same effectivenesore celery juice powder must be added
to the formulation. However, by increasing the antadded, the concern for increased
“vegetable” flavor arises, which is perceived negdy by consumers. Recently, the
manufactures of celery juice powders have develgpedesses that allow them to increase

the nitrite concentrations without increasing tlegetable off-flavor.
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Other possible reasons for the increase in mictgotavth could be attributed to the
composition of celery juice. Since it is a concatdr many different components exist within
the powder. Djeri (2010) analyzed the celery junogvder and indicated that 85% was dry
matter (proteins, fibers, carbohydrates, miner@lay one of these components could react
either in a positive or negative way towards thaaoxide formation. These components
could also contribute to the high pH associateth wélery juice. Typically, a pH range of
8.5-10 is seen with celery juice powders. It is amgnt to note that nitrite’s effectiveness
relies heavily on pH. According to Tarr (1941),H @t or above 7 inhibits nitrites’
microbiological effectiveness. The lower the pH thore reactive nitrite becomes and

produces more nitric oxide, which is demonstratethe following equation.

NO, + H" —» 2HNG, — NO3; + HLO—» N,O; —» NQ + NO

Increasing the amount of nitric oxide producedwadiat to be used for microbiological
inhibition of Clostridium botulinumand suppression tfsteria monocytogenagowth

(Perigo & Roberts, 1968; (McClure et al, 1991). éckase in pH by as little as 0.2 pH units,
can cause the rate of the curing reaction to doi@séranek, 1979). Previous research
conducted in our laboratory has observed higherwithsn the final meat product when
celery juice was the primary treatment (Myers, 20This has potential to significantly alter
the effectiveness of nitrite as an antimicrobiaragReduced antimicrobial effectiveness is
of particular concern relative ta monocytogenesgecause this organism has been shown to
be prevalent in the environment and can easilyaroimate ready-to-eat processed meats.
Consequently, the objective of this thesis wasotogare the celery juice concentrate to

conventional nitrite using the same nitrite concaindns, and evaluate whether the other
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components present in celery juice affect the irhpéaitrite onL. monocytogene8ecause
of the well-known impact of pH on nitrite reactiom$d was included as a variable in
assessing the effects of celery juice and conveatioitrite concentrations dn

monocytogenegrowth.
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Abstract
Increasing consumer concerns of harmful presemsitnave intensified consumers’

demand for natural and organic alternatives. Ipaase to this demand, uncured or no-
nitrate-or-nitrite-added meat products which uéilzelery juice concentrates as an alternative
to sodium nitrite, have emerged on the marketptace conventional nitrite sources. The
objective of this study was to evaluate the eftdatelery juice pH for the impact of nitrite
onL. monocytogenegrowth. In addition, equal concentrations of atin celery juice and
conventional nitrite were evaluated to determiresithpact of nitrite concentration from
these sources dn monocytogenegrowth. These objectives were assessed usingaboth
broth and ham system. Celery juice (CJ) was |dsstefe than the conventional nitrite in the
broth study at 100 ppm nitrite concentration buthie@ ham experiment the CJ treatments at
both 100 and 200 ppm resulted in similar growtlh..ahonocytogeng$>0.05) compared to
their counterparts 100 and 200 ppm sodium nitAtgusting the pH of the celery juice
proved to be more effective at suppressingionocytogenegrowth at 200 ppm than 100

ppm in the ham. No differences in growth (p>0.08yevfound between the unadjusted 100
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ppm celery juice (pH~9.2) and adjusted 100 ppm gglece (pH~6.0) in either the broth or
ham study. Color measurements of the ham indicaegdll the CJ treatments were darker
(lower L*) and more yellow (higher b*) than the saah nitrite treatments. As concentration
increased within the CJ treatments the L* becamaifstantly lower (p<0.05) and b* values
became significantly (p<0.05) greater. Overall,ilinredness (a*) values were seen in both
the CJ and sodium nitrite treatments. Residuat@&itoncentrations were similar for both the
100 and 200 ppm treatments in the ham study, eXoefie adjusted (pH~ 6.3) 200 ppm CJ
treatment which had significantly less (p<0.05)deal nitrite than the unadjusted (pH~6.6)

200 ppm CJ and 200 ppm sodium nitrite treatments.

Introduction
For centuries nitrate and nitrite have been uséghekely in preserving meat

products. Accidental discovery of these curing agenobably occurred during the
traditional salting of meat dating back to 1600 @€énson, 1953). Specific types of salt that
were adulterated with nitrate developed a reddwbrcwhich lead to what is commonly
seen in cured meats today (Pegg & Shahidi, 200@er@haracteristics such as distinct
flavors, decreased lipid oxidation, and inhibitmfbacteria growth also contribute to the
uniqueness of cured products (Sindelar & Milkow&ki11).

However, concerns emerged in the 1950’s relatintbacsafety of nitrate and nitrite
inclusion in meat products. Studies indicated tres amines in herring meal were reacting
with nitrite to form carcinogenic compounds callettosamines (Barnes & Magee, 1954;
Magee & Barnes, 1956). In response to the nitrosamoncern, the United States

Department of Agriculture (USDA) enforced maximumelusion concentrations of nitrite in
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all cured meat products that are still effectiveayp (USDA, 1995). These maximum levels
are strictly adhered to and have reduced the fiskimsamine production (Sindelar &
Milkowski, 2012). Recently, new research has inidahat nitric oxide homeostasis in the
body is critical for maintaining optimal blood psese levels and controlling the blood flow
of cardiac muscles (Bryan & Hord, 2010). This reskaalong with others, has clearly
shown that dietary nitrate can be beneficial tanaiividual’s overall health; especially for
aging adults (McKnight et al., 1997; Parthasar&Bryan, 2012). Thus, nitrite in food is
currently viewed by many in a much more positigti

Regardless, consumers are apprehensive aboutdlod clsemical preservatives, such
as nitrate and nitrite, and this is driving constsrte seek alternative food products in
natural and organic markets. In doing so, orgaaliessalone have risen from $1 billion in
1990 to $26.7 billion in 2010 (Organic Trade Assatioin, 2011). To meet the needs of these
consumers meat manufactures have created “noexttranitrite-added” or “uncured”
labeled meat products that qualify to be labeledadsral or organic. In order to produce a
product with the same characteristics seen in aardionally cured product, manufacturers
began using vegetable juice alternatives that aoediehigh concentrations of nitrate. This
allows the manufacturers to comply with the nataral organic labeling regulations
(USDA, 2005). Celery juice concentrate is promihensed by the meat industry for this
purpose because it has very little vegetable pigraed a mild flavor which minimizes the
“vegetable” flavor sometimes perceived in the fimaat product (Sebranek & Bacus, 2007).
Originally, celery juice powder was first availaliteits nitrate form. Before processing, the

celery juice powders would have to undergo a timesaming incubation step where a
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nitrate-reducing starter culture would be addegktuce nitrate to nitrite. Further
developments created a pre-converted celery jungaming nitrite that eliminated the wait
time of the incubation step and allowed direct addiduring processing. Current pre-
converted celery juice powders contain 10,000-1%88m nitrite and are the most
commonly used celery juice powder used today ($amak al., 2010).

Listeria monocytogendsas become a hot topic of concern for meat procgss
recently due to its contamination of ready-to-eatita and ability to withstand an adverse
environment like refrigeration temperatures (Luegal., 2009). In 1936, the implications of
this bacterium first became evident when its intettlisteriosis, caused abortions in
pregnant women and meningitis in adults (Gray &8liigler, 1966). Populations that are
immunocompromised such as pregnant women, childrehthe elderly are especially prone
to listeriosis (Liu, 2008). Even though this orgamiis not the most prevalent of the
foodborne pathogens (Scallan et al., 2011), itdeasstating consequences, since 20-30% of
those contracting listeriosis result in death (D@ya 2003). Schrader (2010) analyzed eight
commercial brands of no-nitrate-or-nitrite-addeghkfurters and found that five were less
effective in reducind.. monocytogenegrowth compared to conventionally cured brands.
Myers (2012) also observed an increase in growth ofonocytogenesn the no-nitrate-or-
nitrite-added products and speculated that it cbeldttributed to the elevated pH observed
in these products. Typically, celery juice concatgthas a pH ranging from 8.5-10 and may
impact meat product pH as a result. It is importantote that nitrite’s effectiveness relies
heavily on pH (Tompkin, 2005). According to TarB4ll), a pH at or above 7 inhibits

nitrites’ microbiological effectiveness. By redugithe pH, more nitric oxide is produced and
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results in an increase in monocytogenesuppression (McClure et al, 1991). Reduced
antimicrobial effectiveness is of particular conceglative toL. monocytogenefgecause this
organism has been shown to be prevalent in theanwent and can easily contaminate
ready-to-eat processed meats. Consequently, {betive of this study was to evaluate the
impact of pH on the effectiveness of nitrite inexgljuice for the suppression &f.
monocytogenegrowth on restructured ham products. In additiba,celery juice
concentrate was compared to conventional nitriteguhe same nitrite concentrations to
evaluate whether the various components preseaheinelery juice affect the impact of

nitrite onL. monocytogenes

Materials and Methods
Broth Study

Broth preparation
Trypticase soy broth containing 0.6% yeast extf@88BYE) (Difco, Becton, Dickson

and Company, Sparks, MD., U.S.A.) was chosen $onéutral pH (~ 7.2) and its ability to
supportListeria monocytogenegowth. Two groups of TSBYE were made. One reakave
pH adjustment using 1M hydrochloric acid to redtreepH of the broth to 5.8. The pH of
5.8 was chosen because it best represents a typezdisystem pH. The other group did not
receive a pH adjustment (pH = ~ 7.2). These bro#re\then used to prepare experimental

treatments for incubation with monocytogene@able 1).

Sample preparation
Two controls were created for each TSBYE adjugtedip (Unadjusted = ~7.4,

Adjusted = ~ 5.8) by adding distilled water as atimgent. The pre-converted celery juice
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(VegStable 504, Florida Food Products, Eustis,tFégtments consisted of two 100 ppm
treatments, one unadjusted for pH prior to usearaadjusted (Unadjusted pH = ~9.2,
Adjusted pH = ~6.0). The celery juice concentrats a@ded to distilled water to obtain 100
ppm nitrite concentration. 10 grams of citric adttsher Scientific, Waltham, MA) was
mixed with 90 ml of distilled water to obtain a 1G%lution and then was added accordingly
to reduce the pH of the adjusted celery juice tneatt to ~6.0. Two ml of each treatment,
along with 2 ml of th&.. monocytogenesoculum were added to 16 ml of each

corresponding TSBYE treatment. Treatments weredtor dark conditions and held at

10°C.
Table 1
Broth study treatment descriptions.
Treatment Description
A Unadjusted control (unadjusted TSBYE + H,0)
°B Adjusted control (adjusted TSBYE + H,0)
C Unadjusted TSBYE + unadjusted 100 ppm celery juice
*3D Adjusted TSBYE + adjusted 100 ppm celery juice

°E Adjusted TSBYE + 100 ppm sodium nitrite
°F Adjusted TSBYE + 200 ppm sodium nitrite

*Citric acid used to adjust pH of celery juice to 6.0.
®Hydrochloric acid used to adjust TSBYE pH to 5.8

Inoculum preparation and sample inoculation
5 strains otisteria monocytogend§cott A, H7969, H7764, H7769, H7762) were

obtained from the Food Safety Research Laborate®R() at lowa State University. Each
strain received a minimum of two consecutive 24rhiansfers into TSBYE and were
incubated at 35°C. After 48 hours all 5 strainsed@mogenized together to create a cocktail

(~10 cells per ml). The cocktail was diluted using 0.fi&ptone water (Difco, Becton
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Dickinson, Sparks, MD) to obtain 46ells per ml. 2 ml of the diluted cocktail weredad to

each treatment.

Microbiological analysis
Appropriate ten-fold dilutions from each homogeizxperimental treatment were

made. From each treatment’s designated dilutiodspndwas surface plated in duplicate
onto Modified Oxford Medium supplemented with Madd Oxford Antimicrobial
Supplement (MOX) (Difco, Becton Dickinson, Spark)) on days 0, 2, 4, 6, 8, 10, and 12.
Inoculated plates were incubated at 35°C for 48 $10After 48 hours inoculated plates were

counted.

pH determination
pH analysis was conducted by directly insertirggpihl electrode (Fisher Scientific,

Accumet 15, Waltham, MA) into the broth for eackattment. The pH meter was calibrated
using phosphate buffers 4.0 and 7.0. Measuremests taken on days O, 2, 4, 6, 8, 10, and

12.

Ham Study

Product manufacture
Seven treatments (Table 2) were produced to deteriinpH and concentration of

nitrite impacted the growth afisteria monocytogeneas natural and conventional cured ham
products. Two replications were conducted. Pre-eard celery juice (VegStable 504,
Florida Food Products, Eustis, FL) was used asdferal source of nitrite. 10% solution of
citric acid (Fisher Scientific, Waltham, MA) wasdsdl to celery juice for treatments 3 and 5

to lower the celery juice pH to approximately 6.
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Table 2
Ham study treatment formulations.
% Haf“ Water | Salt Sugar | VegStable s?d.lum S(.)d.lum
Treatment* | Code Insides (ke) (ke) (ke) 504 (g) nitrite | nitrite
(kg) (g) (ppm)°
1 Control 9.09 1.83 0.24 | 0.14 - - -
Unadj 100
2 ppm CJ 9.09 1.83 0.24 | 0.14 75.6 - 100
Adj 100 ppm
3? (ol 9.09 1.83 0.24 | 0.14 75.6 - 100
Unadj 200
4 ppm CJ 9.09 1.83 0.24 | 0.14 151.2 - 200
Adj 200 ppm
5° (ol 9.09 1.83 0.24 | 0.14 151.2 - 200
100 ppm
6 NaNO, 9.09 1.83 0.24 | 0.14 - 1.13 100
200 ppm
7 NaNO, 9.09 1.83 0.24 | 0.14 - 2.27 200

*Treatments: 1, no nitrite source added (Control); 2, unadjusted 100 ppm celery juice; 3, adjusted
100 ppm celery juice; 4, unadjusted 200 ppm celery juice; 5, adjusted 200 ppm celery juice; 6, 100
ppm sodium nitrite; 7, 200 ppm sodium nitrite.

*Treatments with addition of citric acid to obtain a pH of 6 in the celery juice.
®Total batch weight basis.
All treatments were based on a total of 11.3 kg.

Hams were produced at the lowa State Univers8y]IMeat Laboratory. Pork inside
ham muscles (semimembranosus) were received freshd local processor and held at 0°C.
The ham muscles were course-ground (Biro MFG Cogddll 7.5 424852, Marblehead,
Ohio, U.S.A.) using a 9.52 mm plate. Non-meat idgrets were added to a vacuum paddle
mixer (Fotosa, SA., Barcelona, Spain) along with llhm muscles according to the
formulations found in Table 2. It should be notkdttUSDA sodium nitrite limits are based
on the meat block weight, but to correspond withd¢bncentrations used in the broth
experiment, sodium nitrite was formulated on altbtdch weight basis for this experiment.

No phosphates were included because they are nuottfex ingredients for natural and

organic labeled meat products. After mixing for Rates, the meat mixture was reground
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through a 6.35 mm plate and stuffed into a 50 mameiter impermeable plastic casing
(Nalobar APM 45, Kalle USA, Gurnee, IL) using a vam stuffer (Risco vacuum stuffer,
Model 1040C, Stoughton Mass., U.S.A.). Impermeabkngs were used to minimize the
transfer of nitrogen oxide gases during thermatgssing. Treatments were then placed into
a single truck smokehouse (Thermal Processor, Matmos, Reichenau, Germany) for
thermal processing. All products reached an inteaamaperature of 73.9°C. Products were
then transported to a 0°C cooler overnight to §t@hiThe next day each treatment was
sliced (Bizerba, SE 12 D, Piscataway, NJ., USAQ it mm thick portions weighing
approximately 25 g 0.5 g. For microbiology analysis, individual skoeere placed in each
bag (Cryovac Sealed Air Corporation, B2470, Dun& @) with an oxygen transmission rate
of 3-6 cc at 40°F (A 24 hrs atm @ 40°F, 0% RD) and a water vapor imisson rate of
0.5-0.6 g at 100°F (100% RD, 106,i24 hrs) and vacuumed packaged (UV 2100, Multivac,
Inc., Kansas City, MO). For chemical analysis, @bogram slices were placed together into
one bag (Cryovac Sealed Air Corporation, B2470, damy SC) and vacuum packaged. The
microbiology samples were transported to the Faafétg Research Laboratory (FSRL) and
stored at 4°C in a dark cooler in the Meat LabasatS8amples for chemical analysis were

transported to a separate 4°C dark storage cooler.

Inoculum preparation
5 strains otisteria monocytogend§cott A, H7969, H7764, H7769, H7762) were

obtained from the FSRL at lowa State Universityaiats were individually grown in
trypticase soy broth containing 0.6% yeast extf@8BYE) (Difco, Becton, Dickson and

Company, Sparks, MD., U.S.A.) and underwent twt@dr transfers at 35°C. All 5
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transferred stains were combined to create a S@boktail (~18 cells per ml). From this
cocktail dilutions were made using 0.1% bufferedtpae water (Difco, Becton Dickson and

Company, Sparks, MD., U.S.A.) to obtain a targetination of 16 cells per gram.

Sample inoculation
The packages containing the ham slices were aa#iptopened and surface

inoculated with 0.25 ml of the. monocytogenesocktail to obtain target f@ells per gram
for each slice of ham. Ham slices were then repgatkaising the FSRL vacuum packager

(Multivac, Model A-300/52, Kansas City, Mo., USA)dstored in a dark cooler at 4°C.

Microbiological analysis
Ondays 0, 3, 7, 10, 14, 21, 28, and 35, one imbed|25 g sample from each

treatment was aseptically removed from its packagimd placed into a 7.5 inch x 12 inch
WhirlPak™ filter bag (VWR International, Radnor, PA) alongwd9 ml of buffered

peptone water (Difco, Becton Dickinson, Sparks, MiDyvas then homogenized (Stomacher
400, Seward Medical, London, UK) on the normalisgttor 60 seconds. Following
homogenization, appropriate ten-fold serial dilnfavere made using 0.1% buffered peptone
water. Designated dilutions of 0.1 ml were surfplaed in duplicate on MOX (Difco,

Becton Dickinson, Sparks, MD). Inoculated plateseniacubated at 35°C for 48 hours.

Immediately following incubation the inoculated fgi& were counted.

pH determination
The pH meter (Inlab Solids Pro probe; MultiSevéhmeter, 92 Metler Toledo Inc,

Columbus, OH) was calibrated using 4.0, 7.0, an@ pAosphate buffers. A 9:1 water: slurry
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was used to determine the pH of the ham samplesy® 0, 3, 7, 10, 14, 21, 28, and 35. All

measurements were done in duplicate.

Color analysis
Color was analyzed using the HunterLab LabScarspédetrocolorimeter

(HunterLab, Reston, VA). A port size of 3 cm andewing area of 2.54 cm were used along
with llluminant A and 10° standard observer. Thetiament was standardized by covering
the white standard (X= 80.45, Y= 85.37, Z= 90.7@&hwaran wrap (SC Johnson & Sons,
Racine, WI) to account for the saran wrap usechersamples while taking measurements.
Four measurements (CIE L*, a*, and b*) were takamdomly for each treatment on days O,

3,7,10, 14, 21, 28, and 35.

Residual nitrite
Samples from color analysis were then ground amddgenized using a food

processor (KitchenAid, Model KFP715, St Joseph,.RBsidual nitrite was determined
according to AOAC method 973.31 (AOAC, 1990c) oggld, 3, 7, 10, 14, 21, 28, and 35

and expressed as sodium nitrite. All measuremeats done in duplicate.

Water activity
Samples were analyzed with AqualLab 4TE water égtmeter (Decagon Devices

Inc., Pullman, Wash., U.S.A.) on day 0. The 0.76 &90 standards were used to calibrate

the instrument. All measurements were conductetliplicate.

Proximate analysis
Moisture (AOAC, 1990b), crude protein (AOAC, 1998hd crude fat (AOAC,

1990a) were analyzed in duplicate for each treatmemay O.
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Statistical analysis
For the broth and ham experiments, statisticdlyarsawas conducted using a

randomized complete block design including replarattreatment, day and treatment x day
in the model as fixed block effects. Measuremerggevanalyzed using the statement proc
glimmix with the Statistical Analysis System (SAR 9SAS Institute Inc., Cary, NC, 2008).
Due to the significant interaction between treathad day, treatment means were
compared for each day resulting in all pairwise parnsons calculations. Tukey multiple
comparison adjustment was used to determine thevigaicomparisons. For moisture, fat,
protein and water activity in the ham study, thecpgim statement was used to determine
differences amongst means. In both experimentsifeignt differences were denoted with a

p<0.05.

Results and Discussion

Broth Study

Listeria monocytogenes growth and pH
Table 3 and Fig. 1 illustrate the differences bemwvgeatments found for growth lof

monocytogeneis broth over the 12 day period. On days 0 anuePet were no significant
differences (p>0.05) amongst treatments. As exddbie unadjusted control (pH~7.3) and
adjusted control (pH~6.1) broth treatments had sinfp>0.05) growth throughout the entire
study and resulted in greater growth (p<0.05) #aother treatments for days 4-12. This
confirms that the addition of nitrite regardlesdlad source (celery juice or sodium nitrite)
significantly affects the growth &f. monocytogene®o differences (p>0.05) in growth were

found between treatment C (unadjusted TSBYE + wsaelfl 100 ppm CJ, pH 7.6) and D
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(adjusted TSBYE + adjusted 100 ppm CJ, pH 6.2addition, these treatments also had
statistically different (p<0.05) pH’s, where tream D maintained a lower pH (6.20 — 6.44)
than treatment C (7.60 — 6.95) throughout the estndy (Table 4). Because, the pH’s are
different, this experiment suggests that theraigdlifference in the antimicrobial effect of
nitrite against.. monocytogenesithin this pH range of 6.2 — 7.6. No differen¢ps0.05)
between treatment D (adjusted TSBYE + adjustedpl®0 celery juice) and treatment E
(adjusted TSBYE + 100 ppm sodium nitrite, pH 6.18.+1) were observed between days 0
and 8. On day 10 and 12, significantly higher nurelaéL. monocytogenesere observed

for the celery juice treatment (treatment D) conegan the sodium nitrite treatment
(treatment E). Because the pH’s of treatments DEadd not differ (Table 4), it appears that,
when compared in broth, the celery juice may be é&ffective than sodium nitrite at the
same nitrite concentration. In this experiment,jwwodnitrite at both 100 ppm (treatment E)
and 200 ppm (treatment F) were superior to therdtbatments for suppressihg
monocytogenegrowth. Treatment F (200 ppm sodium nitrite) hiael lowest growth
compared to all other treatments on days 8-12 nagaifirming that nitrite concentration

affects the antimicrobial impact of nitrite agaihsimonocytogenes
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Table 3
Least square means for the interaction of treatment and day for Listeria
monocytogenes® growth in broth study

Treatment Day0 Day2 Day4 Day6 Day8 Dayl0 Day12

A 400° 460° 6.10° 7.35° 875  9.75° 10.15°
B 3.90° 4.45° 585 715" 835  9.30° 9.65°
C 400° 4.10° 4.60° 6.05° 7.25° 8.05° 8.45"
D 3.95 415" 490" 5.60° 6.65° 7.60° 8.20°
E 3.95  4.00° 4.65° 525 585  6.55° 7.10°
F 3.90° 395 420" 450° 4.75°  4.95° 5.25¢
SEM? =0.303

*Treatments: A, unadjusted TSBYE + distilled H,0 (unadjusted control); B, adjusted TSBYE + distilled H,0O
(adjusted control); C, unadjusted TSBYE + unadjusted 100 ppm celery juice; D, adjusted TSBYE + adjusted 100
ppm celery juice; E, adjusted TSBYE + 100 ppm sodium nitrite; F, adjusted TSBYE + 200 ppm sodium nitrite.
isteria monocytogenes growth recorded as log CFU/ml.

’SEM = standard error of the means.

*dMeans in same column that have different superscripts are significantly different (p<0.05).

11.00

4— Unadj TSBYE +~ H20 (A)

10.-00 /,4 .

—m— Adj TSBYL + 1120 (B}

== Unadj TSBYE + Unadj
100 ppm CJ (C)

log CFU/ml

e Ad] TSBYE + Adj 100
ppm CJ (D)

—fe— Adj TSRYF + 100 ppm
NaNO2 (E)

== Adj TSBYE + 200 ppm
NaMNO2 (F)

Fig. 1. Least square meanslafmonocytogenegog CFU/ml) growth amongst broth
treatments after f0og CFU/ml inoculation held at 10°C for 12 days.
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Throughout the 12 days of this experiment, botlitsa nitrite (treatments E & F)
treatments had statistically similar (p>0.05) pH'kis demonstrates that the concentrations
of sodium nitrite used in this experiment did nib¢et the pH of the broth environment for
adjusted TSBYE. However, as shown in table 4, tneat C (unadjusted TSBYE +
unadjusted 100 ppm celery juice) had a higher p0.@6) than all other treatments
including treatment A (unadjusted TSBYE control)days 4-12, which suggests that the
growth of the microorganisms in the broth may hdeereased the pH in the unadjusted
TSBYE without added nitrite. While not statistigatlifferent from treatment A at days 0-2,
it is noteworthy that treatment C had a numerichigher pH compared to all other
treatments on each day.

Table 4
Least square means for the interaction of treatment and day for pH in broth study.
Treatment®* DayO0 Day 2 Day 4 Day 6 Day 8 Day 10 Day 12

A 7.32° 7.32° 7.31° 7.22° 7.10° 6.78° 6.06™
B 6.10° 6.12° 6.12° 6.10° 6.17° 5.86° 5.65¢

C 7.60° 7.72° 7.79° 7.81° 7.80° 7.54° 6.95°

D 6.20° 6.30° 6.38° 6.41° 6.38° 6.36"  6.44°

E 6.10° 6.12° 6.13° 6.12° 6.11° 6.05%  6.02"
F 6.09° 6.12° 6.13° 6.12° 6.12° 6.11“  6.11°

SEM'=0.150

*Treatments: A, unadjusted TSBYE + distilled H,0 (unadjusted control); B, adjusted TSBYE + distilled H,0O
(adjusted control); C, unadjusted TSBYE + unadjusted 100 ppm celery juice; D, adjusted TSBYE + adjusted 100
ppm celery juice; E, adjusted TSBYE + 100 ppm sodium nitrite; F, adjusted TSBYE + 200 ppm sodium nitrite.

1

SEM = standard error of the means.
*Means in same column that have different superscripts are significantly different (p<0.05).

Ham Study

Listeria monocytogenes growth and pH
Table 5 and Fig. 2 show the least square meahsmbnocytogenegrowth for all

treatments on each day. Significant difference® @5 amongst treatments were not

www.manaraa.com



48

detected until day 7. As expected, the controlr(tiate source) had significantly (p<0.05)
greater numbers &f. monocytogenean all other treatments for days 10-35.

Table 5
Least square means for the interaction of treatment and day on Listeria monocytogenes® growth
in ham study

Treatment* DayO0 Day 3 Day 7 Day 10 Day 14 Day21 Day 28 Day 35

1 3.60° 3.75° 4.55° 5.30° 6.00° 7.80° 8.45° 9.25°

2 375  360° 375" 430° 470° 585" 645"  7.15°

3 375 365 390 410° 455" 530" 605 6.70°
4 3.80° 3.80° 375" 405" 420 s510° 570° @ 6.65™
5 355°  370° 365" 375" 370° 420 475®  s5.50°

6 3.80° 3.75°  390®° 405" 430" 510 630" 7.05°

7 355°  370° 385" 4.20° 420" 485° 570°  6.00%
SEM*= 0.369

*Treatments: 1, no nitrite source added (Control); 2, unadjusted 100 ppm celery juice; 3, adjusted 100 ppm
celery juice; 4, unadjusted 200 ppm celery juice; 5, adjusted 200 ppm celery juice; 6, 100 ppm sodium nitrite;
7, 200 ppm sodium nitrite.

Yisteria monocytogenes growth recorded as log CFU/g.

2SEM = standard error of the means.

*d\Means in same column that have different superscripts are significantly different (p<0.05).

10

9 /)

8 4— Control (1)
%_D . f —#— Unadj 100 ppm CJ (2)
5 == Adj 100 ppm Cl (3)
oo
o 6 ¢ /K == Unadj 200 ppm CJ (4)

5 / 4= Adj 200 ppm CJ (5)

4 __4_ _ R / —®— 100 ppm NaNO2 (6)

eyl - 200 ppm NaNO2 (7)

3 ! T T T T T T 1
0 3 7 10 14 21 28 35

Day

Fig. 2. Least square meanslofmonocytogenedog CFU/g) growth amongst ham
treatments after flog CFU/g inoculation held at 4°C for 35 days.
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Other researchers (Duffy et al., 1994; Ngutter &Belly, 2003) have shown that nitrite is
effective in suppressinlg. monocytogenegrowth in meat products. No differences (p>0.05)
in growth were observed between the Unadj 100 pgr{tr€atment 2) and Adj 100 ppm CJ
(treatment 3). On days 0, 3, 7, 14, 21, and 35Athel00 ppm CJ (treatment 3) had a
significantly lower pH (p<0.05) than the Unadj 118@m CJ (treatment 2) (Table 6). Even
though the pH’s were different for the majoritytbé experiment, the microbiology data
indicates that there was no difference in the antiwbial effect within the pH range
observed with the 100 ppm celery juice treatmeitsilar results for microbial growth were
also noted in the broth experiment. On days 2185Adj 200 ppm CJ (treatment 5) had
significantly (p<0.05) loweL.. monocytogenegrowth than the Uadj 200 ppm CJ (treatment
4). The pH differences (p<0.05) were significanttfte duration of the experiment between
the Unadj 200 ppm CJ and Adj 200 ppm CJ treatme&hése the Adj 200 ppm CJ treatment
maintained a lower pH (Table 6). Since, the cormadioin of nitrite for both of these
treatments was the same, the pH difference may dféeeted the microbial growth
differences observed at 200 ppm in this experimeariking back at the adjusted and
unadjusted 100 ppm celery juice treatments (Taplertere there were no differenced.in
monocytogenegrowth, it is interesting to note that the unatBdsand adjusted 200 ppm
celery juice treatments were indeed different (P5). This suggests that both pH and
concentration of celery juice may have affectedptueluct pH and the subsequént
monocytogenegrowth as observed in this experiment.

During the 21 & 28 day time period, the Unadj 1@dnpCJ (treatment 2) resulted in

significantly (p<0.05) higher numbers lof monocytogene@able 5) than the Unadj 200
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ppm CJ (treatment 4), but at the end of the stddy 35) both treatments had similar
(p>0.05) populations. During the entire study, theadj 200 ppm CJ treatment maintained a
higher pH (p<0.05) than the Unadj 100 ppm CJ (Téble

Table 6
Least square means for the interaction of treatment and day on pH in ham study.
Treatment* DayO Day 3 Day 7 Day 10 Day 14 Day 21 Day 28 Day 35

1 6.14% 614 6.14%  611° 612 613 608"  6.12°

2 6.46°  6.45° 643"  6.42° 644" 644"  642° 628
3 6.28° 6289 6289 627 6279 628 628"  6.10°

4 6.68° 6.65° 6.65° 6.63° 6.64° 6.65° 6.65° 6.64°

5 6.35° 637 636 636 636 637 637°  637°

6 6.11°  6.13°  612° 613" 614  612° 612  6.16™
7 6.24°  624°  623° 623 6239 6249 622 6.13¢
SEM' = 0.051

*Treatments: 1, no nitrite source added (Control); 2, unadjusted 100 ppm celery juice; 3, adjusted 100 ppm
celery juice; 4, unadjusted 200 ppm celery juice; 5, adjusted 200 ppm celery juice; 6, 100 ppm sodium nitrite;
7, 200 ppm sodium nitrite.

1SEM = standard error of the means.
®®Means in same column that have different superscripts are significantly different (p<0.05).

This difference also suggests that the increasericentration of celery juice may affect the
product pHON days 14-35, the Adj 200 ppm CJ treatment haufsigntly lower (p<0.05)
numbers ot.. monocytogenegrowth than that of the Adj 100 ppm CJ treatm@iaio{e 5).

This supports the previous observations that aitritncentration impacts monocytogenes
growth. In addition, 100 ppm NaN®@esulted in significantly greater populationdof
monocytogenesn day 35 compared to 200 ppm NalN®hich reiterates the impact of

nitrite concentration oh. monocytogenegrowth. On all days except day 14, Unadj 100 ppm
CJ, Adj 100 ppm CJ, and 100 ppm sodium nitrite vetagistically similar (p>0.05).

Ultimately, these treatments at the end of the exynt, reached the same population,
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which suggests that, at 100 ppm nitrite, celerggus just as effective as sodium nitrite in
reducingL. monocytogenegrowth when used at that concentration. Previtudies
(Schrader, 2010; Jackson et al., 2011) have shbatrtytpical usage levels of celery juice
(0.2-0.4% if the batch weight) resulted in 20-6@rppf ingoing nitrite and have been less
effective in reducind.. monocytogenesndClostridium perfringengrowth than the
traditional sodium nitrite ingoing concentratiorfsl@0-156 ppm. The subpar performance of
the celery juice has been attributed to the lowing nitrite concentrations by numerous
other researchers. However, celery juice conceotraused in commercial products have
remained low because of the undesirable vegetkhlerfperceived at higher concentrations.
Sindelar et al. (2007) reported that the conceapntraif 0.35% celery juice elicited a higher
negative response from panelists when comparedowex concentration of 0.20%. In
addition, the Adj 200 ppm celery juice (treatmenirbthis study was statistically similar
(p>0.05) to 200 ppm NaNtreatment 7jor suppression df. monocytogenegrowth on all
days except day 28 (p<0.05), which supports theipue observations that equal nitrite
concentrations elicits a similar antimicrobial inaspanL. monocytogene8ecause, the
Unadj 200 ppm CJ (treatment 4) was different (pSPtBan the Adj 200 ppm CJ (treatment
5), the results suggest that the pH adjustmemeatment 5 (Adj 200 ppm CJ) affected the
antimicrobial impact of the celery juice. The AdJ®@ppm CJ (treatment 5) also suppressed
growth (p<0.05) more effectively than all otheratrments except treatment 7 (200 ppm
NaNG,) on days 21 and 35. The results from this expertraeggest that at higher
concentrations of celery juice, the antimicrobrapact of pH of the celery juice is more

prominent, probably due to the pH effect on a greaitrite concentration. It is likely that
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more nitrite in the celery juice when combined witbre acidic conditions, increases the

impact of the antimicrobial activity of nitrite.

Color analysis
Results for the L* color analysis of the hams asrthe 35 day experiment are shown

in Table 7. On day 0, the control and 100 ppm Natdatments were similar (p>0.05),
while all other treatments exhibited significarffeliences (p<0.05) in lightness. All celery
juice treatments were darker (p<0.05) than botiNARG; treatments throughout the entire
study. On all days, significant differences (p<0.@&re evident between the 100 ppm CJ
treatments and 200 ppm CJ treatments. Resultsatedi¢hat as the concentration of the
celery juice increased, there was an increaserkndas (lower L*). This also matches the
visual perception seen during the study.

Differences in a* measurements are shown in T8bkes expected, the control had
significantly less (p<0.05) redness than all othesitments throughout the 35 day study. On
day O, treatments 2, 4, 5, and 6 (Unadj 100 ppnm@adj 200 ppm CJ, Adj 200 ppm CJ, and
100 ppm NaN@ respectively) had statistically similar (p>0.08§iness values, while on the
same day, 200 ppm NaN@reatment 7) was significantly redder (p<0.03rtfall other
treatments. Both 100 ppm CJ treatments (treatmant23) had statistically similar redness
(p>0.05) as 100 ppm NaN@reatment 6dn days 3-35. In addition, both 200 ppm CJ
(treatments 4 and 5) had statistically similar es#n(p>0.05) as the 200 ppm NaNO
(treatment 7) on days 7-35. The similarities wittath concentration for both the natural
and conventional nitrite sources demonstrate thlaryg juice produced the same amount of

redness as traditional nitrite for the majoritytlod storage time in this study.
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Table 7
Least square means for the interaction of treatment and day on L* in ham study.

Treatment* DayO0 Day 3 Day 7 Day 10 Day 14 Day 21 Day 28 Day 35

1 70.67° 70.39° 70.21° 7030 70.33% 70.64° 70.67° 69.76%°
2 67.33° 67.08° 67.75° 66.99° 66.76° 67.14° 67.24° 66.57°
3 68.88° 67.75° 67.35° 67.68° 67.58° 67.40° 67.34° 67.62°
4 65.11"  64.41° 64.11° 64.24° 64.09° 64.29° 63.78° 63.86'
5 66.49°  65.60° 65.71° 64.99° 6516° 65.36° 6549% 65.39°
6 71.45%  70.83° 71.08% 70.65° 7028 70.57° 70.51* 70.01°
7 69.78°  69.35° 69.75° 69.84° 6933 69.02° 69.86° 69.15°
SEM'=0.281

*Treatments: 1, no nitrite source added (Control); 2, unadjusted 100 ppm celery juice; 3, adjusted 100 ppm
celery juice; 4, unadjusted 200 ppm celery juice; 5, adjusted 200 ppm celery juice; 6, 100 ppm sodium nitrite;
7, 200 ppm sodium nitrite.

SEM = standard error of the means.

L* = lightness on scale of 0-100.

*"Means in same column that have different superscripts are significantly different (p<0.05).

Table 8
Least square means for the interaction of treatment and day on a* in ham study.

Treatment* DayO0 Day 3 Day 7 Day 10 Day 14 Day 21 Day 28 Day 35

1 12.14%  10.99° 10.83° 10.71° 1049° 10.14° 9.94°  10.20°
2 16.50°  16.80 16.24° 16.87° 1693 16.56° 16.65°  16.72"
3 16.00°  16.64°° 16.77° 16.94° 16.77° 16.93®° 17.01° 16.57°
4 16.32%  16.64°° 16.97° 17.04° 17.05° 16.89° 16.88°  16.99*
5 16.53°  17.06® 16.89° 1751 17.36° 17.24° 16.84°  17.10%
6 16.56° 16.56°  16.54°° 16.95° 16.96° 16.78° 16.73°  16.93*
7 17.05° 17.21°  16.94° 17.10° 17.24° 17.29° 17.01° 17.28°
SEM' = 0.164

*Treatments: 1, no nitrite source added (Control); 2, unadjusted 100 ppm celery juice; 3, adjusted 100 ppm
celery juice; 4, unadjusted 200 ppm celery juice; 5, adjusted 200 ppm celery juice; 6, 100 ppm sodium nitrite;
7, 200 ppm sodium nitrite.

SEM = standard error of the means.

a* =redness on scale of 0-100.

*Means in same column that have different superscripts are significantly different (p<0.05).

The yellowness (b*) measurements (Table 9), indit#hat the celery juice

treatments were significantly more (p<0.05) yellinan the conventional nitrite treatments
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and the control. Within the celery juice treatnsgioth the 100 ppm CJ (treatments 2 and 3)
had significantly less (p<0.05) yellow than the 20n CJ (treatments 4 and 5). This
suggests that as the concentration of celery jomeased, there was an increase in
yellowness in the final ham product. This is mdstlyy due to the particulates of the plant-
derived concentrate that includes plant pigmentsiriy days 3-10, the Adj 200 ppm CJ
(treatment 5) was more yellow (p<0.05) than thedy280 ppm CJ (treatment 4), but started
and ended the study with similar yellow (p>0.05uea. In this case, the results suggest that
the pH adjustment of the 200 ppm CJ may have inegdtte yellowness in the final product
at certain time periods. Both NaM@eatments elicited the lowest (p<0.05) amount of
yellowness throughout the entire study when contptiveéhe rest of the treatments.

Table 9

Least square means for the interaction of treatment and day on b* in ham study.
Treatment* DayO0 Day 3 Day 7 Day10 Day14 Day21 Day28 Day35

1 13.40° 1355% 13.77% 13.85° 13.85° 13.79° 13.76° 13.90°

2 14.06°  14.22° 13.72% 14.18“ 14.39° 1421° 1436° 14.29"
3 14.48°  14.61° 14.44° 1452° 14.61° 14.46° 14.54° 14.41°

4 17.09° 17.01° 17.07° 1723 17.16° 17.18° 17.32° 16.78°

5 16.98° 17.55 17.52° 17.82° 17.49° 17.54*° 17.21° 17.17°

6 11.40° 11.08° 11.24° 11.35° 11.26° 11.30% 11.24® 11.18°

7 11.42°  11.21° 11.04° 11.25° 11.41° 11.41% 11.19% 11.37°

SEM' =0.145

*Treatments: 1, no nitrite source added (Control); 2, unadjusted 100 ppm celery juice; 3, adjusted 100 ppm
celery juice; 4, unadjusted 200 ppm celery juice; 5, adjusted 200 ppm celery juice; 6, 100 ppm sodium nitrite;
7, 200 ppm sodium nitrite.

'SEM = standard error of the means.

b* = yellowness on scale of 0-100

**Means in same column that have different superscripts are significantly different (p<0.05).

Residual nitrite
Residual nitrite concentrations for all treatmdht®ughout the shelf life of the ham

products are represented in Table 10 and Fig. &xfiscted, the control treatment had
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essentially no residual nitrite and was signifibatdwer (p<0.05) than all other treatments.
Because it has been suggested that nitric oxidehw derived from nitrite, may provide an
inhibitory effect against microorganisms (Tompk905); it is no surprise that the control
treatment had both low residual nitrite concentragiand high numbers bf
monocytogene#s shown in Table 10, the Adj 200 ppm CJ (treati® had significantly
less residual nitrite (p<0.05) than that of the &jrZ00 ppm CJ (treatment 4) on all days
except day 7. It has been shown that reduced peltdspgo the curing reaction (creates more
nitric oxide) and as a result, less residual mitcén be expected (Cassens et al., 1978). This
allows more nitric oxide to become available toactn antimicrobial. However, when
comparing the Unadj 100 ppm CJ and Adj 100 ppnr€&atrnents, there was no significant
difference (p>0.05) found between the residualteittoncentrations (Table 10). These
findings correspond to no differences found betwiberh.. monocytogenegrowth for these
treatments, which could imply that at lower concatndns of celery juice (and nitrite) the pH
impact on nitrite effectiveness is less. Unadj ppéh CJ, Adj 100 ppm CJ, and 100 ppm
NaNO2 treatments all had significantly less residitaite (p<0.05) than the 200 ppm nitrite
treatments (Table 10), which demonstrates thahesoncentration of ingoing nitrite
increases, the residual nitrite amounts also iser@acordingly. Xi et al. (2011) found the
same trend when studying different ingoing sodiutmte concentrations. Overall, the
residual nitrite concentrations decreased gradulalhing the 35 day storage period. Others
have also reported a gradual decline of residuatenthroughout the shelf life of meat
products (Jantawat et al., 1993; Myers et al., 208@nificantly higher concentrations of

residual nitrite (p<0.05) were found in the Una@Pzpm CJ treatment versus the 200 ppm
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NaNQ, treatment (Table 10). Similar results were showMyers et al. (2013). Those
authors commented that it was unusual to have highrecentrations of residual nitrite that
corresponded with increased growth_omonocytogened hey speculated that the celery
juice may have provided beneficial nutrientd tanonocytogenesince 97.75% of the celery

juice used in the experiment was composed of ocgamil inorganic constituents.

Table 10

Least square means for the interaction of treatment and day on residual nitrite®in ham study.

Treatment’ Day 0 Day 3 Day 7 Day 10 Day 14 Day 21 Day 28 Day 35

1 3.69° 3.56° 2.51¢ 2.63¢ 1.68° 2.49¢ 2.85¢ 3.32¢
2 71.45°  69.24° 67.59° 64.72° 63.69° 57.36° 56.81°  51.50°
3 69.72°  65.18°  60.67°  55.52° 55.25° 51.09° 49.16°  40.42°
4 151.09° 143.20° 128.89° 123.71° 123.93° 118.38° 115.19° 106.94°
5 133.23°  122.65° 115.68°° 105.15° 103.99° 95.15° 87.67° 79.67°
6 61.56°  62.45° 56.95°  52.34° 50.05°  46.20° 43.93°  39.62°
7 122.08° 114.66° 107.68° 97.04° 95.28° 88.31° 81.15° 71.11°
SEM? =4.69

*Treatments: 1, no nitrite source added (Control); 2, unadjusted 100 ppm celery juice; 3, adjusted 100 ppm
celery juice; 4, unadjusted 200 ppm celery juice; 5, adjusted 200 ppm celery juice; 6, 100 ppm sodium nitrite;
7, 200 ppm sodium nitrite.

'Residual nitrite reported as ppm.

’SEM = standard error of the means.

**Means in same column that have different superscripts are significantly different (p<0.05).
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Fig. 3. Least square means of residual nitrite (ppm)Herttam study treatments aftef 1@y
CFU/g inoculation held at 4°C for 35 days.

Proximate analysis and Aw
The least square means of % moisture, % fat, %eiorcand Aw are listed in Table

11. No differences (p>0.05) were observed for %stuoe, % fat, and Aw between
treatments. Protein differences (p<0.05) were olesebetween the Adj 200 ppm CJ and
both the control and 200 ppm Napl@eatments, and may have resulted from raw meat
differences in the formulation between treatmenthe addition of celery juice plus the
citric acid. An explanation for the lower proteiontent in the Adj 200 ppm CJ treatment is
not clear, but is unlikely to be of any practiciginsficance since all other compositional

properties did not differ among the treatments.
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Table 11

Proximates and water activity measurements for all ham treatments on day 0.
Treatment’ Moisture (%) Fat (%) Protein (%) Aw

1 75.37° 2.66° 18.85° 0.9791°
2 75.71° 1.98° 18.17% 0.9778°
3 75.74° 1.87° 18.27% 0.9768°
4 75.36° 1.79° 18.40%° 0.9749°
5 75.51° 2.19° 17.70° 0.9753?
6 75.64° 2.09° 18.33% 0.9785°
7 75.41° 2.41° 18.46° 0.9781°
SEM* 0.213 0.214 0.161 0.0007

*Treatments: 1, no nitrite source added (Control); 2, unadjusted 100 ppm celery juice; 3, adjusted 100 ppm
celery juice; 4, unadjusted 200 ppm celery juice; 5, adjusted 200 ppm celery juice; 6, 100 ppm sodium nitrite;
7, 200 ppm sodium nitrite.

'SEM = standard error of the means.

*®Means in same column that have different superscripts are significantly different (p<0.05).

Conclusion
The broth experiment indicated that the pH adjustriigat occurred between the two

100 ppm celery juice treatments (unadjusted TSBYBadjusted CJ and adjusted TSBYE +
adjusted CJ) did not have an antimicrobial effect. omonocytogenegrowth. The same
results were observed for the unadjusted and &#ju€i0 ppm CJ treatments within the ham
study. Differences ih. monocytogenegrowth between the 100 ppm Naié&nhd both the

100 ppm CJ treatments demonstrated that celerg s less effective than conventional
nitrite at the same nitrite concentration for s@gssing.. monocytogends the broth system.
However, the results from the ham experiment sh@at dat equal concentrations of nitrite,
celery juice was as effective as the sodium nitrgatments in the meat product. Because the
ham experiment represents the practical applicatiaelery juice in the meat industry, it is a

more realistic model compared to the broth syst#inthe same time, the broth experiment
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suggested that the pH impact of celery juice cottagmcan affect nitrite reactions and could
be a consideration for some product applications.

As the concentration of the celery juice concertmatreased within the ham study,
the pH of the ham product increased as well. WherpH adjustment was applied to the 200
ppm CJ, there was decreaseanonocytogenegrowth and lower residual nitrite
concentrations. Even though the pH adjustment hachpact orL.. monocytogenegrowth
at 200 ppm, the Adj 100 ppm CJ did not show theesaffect, which could be due to the
lesser nitrite concentration. Similar residuatitétconcentrations anid monocytogenes
growth for the Unadj and Adj 100 ppm CJ treatmeniggest that a larger pH reduction may
need to be used at 100 ppm of nitrite in ordercttekerate the nitric oxide production and
therefore reduck. monocytogenegrowth. Particulates within the celery juice camicate,
such as fibers, sugars, and minerals (Djeri, 20d@)ld also hinder the reactivity of nitrite,
depending on the chemical properties of these coems.

The celery juice treatments also affected hamranid as the concentration was
increased, the hams became darker (lower L*) ane iy@llow (higher b*) than
conventional treatments. This is most likely dud¢hte particulates (fibers, sugars, and
minerals) that are present in the celery juice.raVghe redness (a*) values were similar for
both the celery juice and conventional treatmenéjaal nitrite concentrations.

Future research efforts on the use of celery jo@®entrate as a meat curing agent
for natural and organic processed meats shouldsfonwdeveloping a more concentrated
form of celery juice that has increased nitrite @amtration, lower pH and reduced vegetable

off-flavors in order to increase the effectivenekthe ingoing nitrite. Even though this study
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shows that celery juice was as effective as conmeal nitrite in ham at equal nitrite
concentrations, potential pH impact of the celergg concentrate may be of significance for
nitrite reactions in some applications. In additifavor strongly impacts consumer
acceptability of meat products, and from previasearch (Sindelar et al., 2007) sensory
panel results indicated that celery juice concéattan impart an undesirable flavor at high
concentrations. This would be a concern for consypreducts with concentrations of celery
juice comparable to our study which used 0.67% @fih) and 1.33% (200 ppm) to reach

the desired nitrite concentrations.
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CHAPTER 4. GENERAL CONLUSIONS
Natural and organic meat products have becomeasitrgly popular to the general

consumer for its ability to provide a preservatikee product. Nitrite is included in
preservatives not allowed in meat products labeldral or organic. To circumnavigate the
legalities, manufactures have incorporated celgiogjhas the nitrite source in these products
to obtain the same unique characteristics seearimentionally cured meat products.
However, by substituting conventional sodium retstith a celery juice concentrate, there
has been less ingoing nitrite observed in the gglece inclusion percentages used, which
causes an increased riskLa$teria monocytogenagowth within these productk.
monocytogeneis of utmost concern to processors because upauibreak, a large
percentage of infected individuals have fatal ootes.

Although the literature indicates that celery @uincluded at typical levels of 0.2-
0.4% has greater growth bf monocytogeneshis study showed that at equal concentrations
celery juice is just as effective as sodium nititédam. In addition, when the pH adjustment
was applied to the Adj 200 ppm CJ treatment, areased antimicrobial effect was observed
by reduced.. monocytogenegrowth. However, for both the broth and ham stuldg,pH
adjustment did not have an antimicrobial impact.omonocytogeneshen applied to 100
ppm CJ. Color analysis in the ham study indicabed &s the concentration of the celery
juice increased, the products became darker (I#)esind more yellow (higher b*).

For future research, emphasis should be focusettwgloping a more nitrite
concentrated form of celery juice that minimizes Wegetable flavor that is currently seen in

higher concentrations of celery juice. Since theespance of the celery juice treated hams
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were darker and more yellow, sensory analysis daggithe flavor and color should be

considered when developing a more nitrite concedreelery juice powder.
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