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CHAPTER 1
1. Introduction

Industrialization has led to major improvement$oiod quality and safety, yet food borne
infections remain an important public health concgt]. It was estimated in 2011 that 9.4
million people suffered from food borne illnessasthe United States [2]. Hence, developing
new methods for eliminating food borne pathogend anproving existing techniques is
essential. This is furthermore stressed by the smitonsumer trends towards organic, non-
processed foods. These changes have occurred duaximg concerns over the use of a variety
of synthetic additives to food products such abatey, benzoate, etc., which are not considered
‘natural’ [3]. Adding complexity to the problem ke emergence of antibiotic-resistant bacteria
species in the food system [4]. These evolved baatemonstrate the necessity of improvement
in food control techniques. Utilizing naturally ardng substances to control food borne
bacteria is a logical approach that may providesaarers with many benefits. One such option

is the use of essential oils as antibacterial additin food.

In addition to enhancing flavor, herbs and spicesehlong been known for their
antimicrobial use [5]. It is believed that the Rorsaised mustard to prevent the spoilage of fruit
juice by fermenting bacteria [6]. Furthermore, esv$ from the past demonstrate oil extracts
from plant materials (flowers, herbs, spices, baed, leaves, roots and fruit) known as
‘Essential Oils” (EOs), volatile or ethereal ditshave antimicrobial properties [6, 7]. The term
“essential oil” is believed to have been derivazhfrQuinta essentialwhich was defined as the
effective component of a drug by Paracelsus vonedbhim in the 1B century [7]. They may

be obtained via fermentation, enfleurage, or ekibac but the most common commercial



method employed is steam distillation [8, 9]. E(sl d&heir constituents have been known to
have other activities besides antibacterial proggrisuch as antimitotic[10], antiparasitic [11,

12], insecticidal [13-15], and antiviral [16, 1fFfoperties.
2. Historical and current use of essential oils

Herbs and spices have been known to have beerfarseibir preservative, perfume and
flavor properties since ancient times [5]. Howevewas the Greek and Roman historians who
first documented the use of EOs for medical treatmand aromatherapy [18]. By the ™3
century, pharmacological effects of EOs were dbsecrin many pharmacopeias of the time, yet
their use was not wide spread until th&' t@ntury [5]. It is believed 1881 De La Croix whs t

first person to carry out antimicrobial analysis=® vapors [19].

The most common use of EOs today is as flavorirentsgin food, essences in perfumes
and in pharmaceutical products for their functigmaperties [5, 20]. A variety of commercially
available products exploit the antibacterial proijpsrof EOs, like antiseptics and animal feed

supplements [21, 22]. However, the potential of BHO®od safety has yet to be elucidated.
3. Composition of essential oils

Plants produce a variety of antimicrobial compoumdsst of which are always present
in the system while others are produced in respomsejury or invasion [23]. However, the
composition of the EOs produced differ dependingttue season of harvest and geographical
origin [24-26]. In addition, the composition of E@stracted from different parts of the same
plant may vary [27]. The most controllable factgnithich EOs vary is the method of extraction.
A difference in organoleptic profile indicates dfelience in composition of oils due to solvent

extraction as opposed to distillation of oils. dishbeen found that to maintain higher organoleptic



properties of EOs, extraction under low pressurh wiiquid carbon dioxide as a solvent is
effective [28]. Herb EOs extracted using hexaneehgtvown greater antimicrobial activity than
similar steam distilled EOs [29]. However, thisthaal is very expensive, so steam distillation is

the most commonly used method for producing EOa commercial scale [18].

EOs can be made up of more than sixty individuangonents with the major
components consisting up to about 85 % of the 6@4$ while minor components are present in
trace amounts [30]. These molecules are low madeaukight organic compounds with diverse
antimicrobial activities [31]. The active comporeoan be classified according to their chemical
structures: terpenes, phenylpropenes, terpenoids‘ahers” [31]. The major components of
common EOs are presented in Table 1 and the stalidtumula of some of the components are

presented in Figure 1.

The organic chemistry of each EO compound has fmynd effect on its character. The
structure of these individual components, suchiffsreint chemical groups, side chains and ring
structures, affect their antimicrobial activity. EG@hat have a higher composition of phenolic
compounds such as carvacrol, thymol and eugandl tershow higher antimicrobial activity
[32, 33]. It can be reasoned that their mechani$randimicrobial action is similar to other
phenolic compounds that contain a hydroxyl grouf.|8 the case of non-phenolic compounds,
the type of alkyl group present influences antiwical activity [35], though the position of the

group does not seem to affect the level of antiotial activity [36].

3.1 Terpenes

Terpenes are hydrocarbons produced by a combinatisaeveral isoprene units and are

synthesized in the cytoplasm of plant cells. Sysithatarts with an acetyl-CoA and proceeds



through the mevalonic acid pathway [31]. These camgds can be arranged into cyclic
structures via the action of cyclases.. Monoterperfehemical formula: (Hig) and
sesquiterpene (chemical formulajsk,4) are the main terpenes, but diterpenes and tetep

also exist. Limoneng- cymene, pinene and terpinene are some examptasrohon terpenes.

3.2Terpinoids
Terpenes can undergo enzymatic biochemical moddics that add oxygen molecules
and move or remove methyl groups, thereby formergenoids [37]. They can be divided into
aldehydes, ketones, alcohols, phenols, epoideseatats. Common terpenoids are carvacrol,
linalool, menthol, and thymol.

3.3Phenylpropenes

Phenylpropenes are a subfamily of compounds undenyspropanoinds that are
synthesized in plants using phenylalanine. Few ylpeopenes have been studied in detail, but
euganol, isoeuganol, cinnamaldehyde are some gbliEDylpropenes that have been elucidated

[31].



Table 1. Composition of common essential oils

Common name of Latin name of plantitis Major Costituents of Approximate Reference
EO derived from. EO %
Bay Laurus nobilis 1,8-cineole 60% [38]
a-terpinene 13%
Sarbinene 13%
Bergamot Citrus bergamia Limonene 59 %
Linalool 9.5% [39]
Linalyl acetate 17%
Trans —
Cinnamon Cinnamomum zeylanicunCinnamaldehyde 65%
Euganol 3%
Linalool 4%
Clove Syzygium aromaticum  Euganol 75 — 85%
Eugenyl acetate 8-15%
Lemongrass Cymbopogon flexuosus Geranial 46%
Myrcene 4%
6-methylhept-5-en- 3%
2-one
Nutmeg Myristica fragrans Sabinene 50%
Euganol 2% [40]
Oregano Origanum vulgare Carvacrol Trace — 80%
a—pinene 3%
p—cymene 16%
Myrcene 2%
Rosemary Rosmarinus officinalis  a—pinene 2 —-25%
Camphor 2-14%
1,8-cineole 3 -89%
Bornyl acetate 0-17%
Sage Salvia officinalis a—pinene 4 —-5%
B—pinene 2-10%
a—tujone 20 —-42%
1,8-cineole 6 — 14%
Thyme Thymus vulgaris Thymol 10 — 64%
Carvacrol 2-11%
p-cymene 10 — 56%
y-terpinene 2-31%
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Figure 1. Chemical structures of selected essential oil comepts



4. Antimicrobial activity and mode of action

Although the food industry primarily uses EOs Bwdrings, they also function as an
interesting source of natural antimicrobials [3WUtilization of these properties requires an
understanding of their antimicrobial mode of actidhe antimicrobial activity of EOs cannot be
attributed to a single mechanism; it is likely tisatveral sites in a cell act as targets [41]s It i
difficult to predict the susceptibility of an orgam to a certain EO, as it varies from strain to
strain. However it is known that Gram-negative bgat are generally less susceptible in
comparison to Gram-positive species [42]. This oscudue to the presence of
lipopolysaccharides (LPS) in the outer membrané&Em-negative bacteria, which acts as a
barrier towards macromolecules and hydrophobic @amgs. This provides Gram-negative
bacteria with a higher tolerance towards the moasyigrophobic antimicrobial components of
EOs [43]. In Gram-positive bacteria, and to soméemxin Gram-negative bacteria, this
hydrophobic nature helps EOs to disturb the lippdshe bacterial cell membranes, thereby
making them permeable [34, 44], and allowing ttekégye of cellular material and ions [45, 46].
This does not necessarily mean cell death as sealade from the cell is tolerated, but

extensive loss or loss of essential componentsezahto death [47].

4.1 Terpenes

Terpenes do not possess high antimicrobial activity evidenced by large scale
experimentation with limoneney-pinene, f-pinene ando-terpinene that show low or absent
antimicrobial activity [35].p-cymene, one of the major constituents of thyme,wshomo
antimicrobial activity at high concentrations [48]ut has the potential to promote the activity of
compounds like carvacrol [36p-cymene has a high affinity for membranes and cause

membrane expansion, but does not influence memiprarmeeability. It does cause a decrease in



the melting point and enthalpy of the membraneg. [Ahas an insignificant effect on protein

synthesis of the cell but its effect on membranemal can affect cell motility if.coli [50].

4.2 Terpenoids

The antimicrobial properties of terpenoinds ar&duohto the functional groups present. In
phenolic terpenoids, it has been found that thegmree of delocalized electrons and a hydroxyl
group are essential for antimicrobial affect [3Z&rvacrol and thymol are able to disintegrate the
outer membrane of Gram-negative cells, releasipgpblysaccharides and increasing the
permeability of the cytoplasmic membrane to ATHsIbelieved that carvacrol forms channels
through the membrane by pushing apart the fattgg abains in the phospholipids increasing

membrane permeability [51].

4.3 Phenylpropenes

The antimicrobial activity of phenylpropenes depermh the number and type of
substituents present on the aromatic ring [52]. di@microbial activity of phenylpropenes such
as euganol occurs via non-specific membrane pelilizzdion. It has been demonstrated in
various studies via the increased transport of A& potassium out of the cell [53, 54]. Euganol
has also been shown to inhibit ATPase, histidinead#xylase, protease and amylase activity
[53, 55]. By inhibiting ATPase activity euganol essally restricts energy production required
for cellular repair. The hydroxyl group presenteinganol is believed to affect the properties of

proteins by binding to them. This supports eugaaotwity at sub lethal concentrations.

On the other hand the antimicrobial mode of actboninnamaldehyde, a phenylpropene
aldehyde, is not clear. There are three thingsahabelieved to occur: at low concentrations it

inhibits enzymes involved in cytokinesis; at sukh& concentrations it acts as an ATPase



inhibitor; at lethal concentrations it agitates tedl membrane [56]. In another study, it was
shown that cinnamaldehyde inhibits GTP dependehinpgrization by binding to a protein

required for cell division, FtsZ [57].

Coagulation

X Proton motive
force

Leakage of
cytoplasmic
constituents:
metabolites
and lons

Cytoplasm

Cytoplasmic
membrane

Cell wall

Membrane proteins

\\‘-\_______ _._/

Figure 2. Possible mechanisms and sites of action for ECpoom@nts in bacterial cell wall.
Adapted from Burt et al [18].
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Table 2.0verviewof EOs and their mechanisms of action

Common name of EO  Model organism Mechanism of actio Reference
Cinnamon E.coli Inhibition of histidine
L.monocytogens decarboxylase; leakage and 49
S.aureus coagulation of cytoplasmic [49]
S.enteritidis content; depolarization and
C.jejuni membrane permeabilization
Clove C.jejuni Inhibition of histidine [31]
E.coli decarboxylase
L.monocytogens
S.aureus
S.enteritidis
Lemon grass L. innocua Permeabilization of membrane [44]
L. monocytogens
S. aureus
Oregano P. aeruginosa Disspation of potassium gradient[57, 58]
S. aureus depolarization of membrane,
coagulation of cytoplasmic
content.
Rosemary E.coli Increase in membrane rigidity,
B. subtilis affect on lipid polymorphism
S. aureus
Thyme . coli Permeabilization of membrane, [59]

E
L. innocua damage to cell envelope.
L. monocytogens

S. aureus

S. enteritidis
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5. Application to food products

Essential oils and the compounds that make themgarerally recognized as safe
(GRAS) for human consumption, however there areynwdnallenges involved in using them in
the food industry. Most difficulties arise due axfors such as composition of the food product,
interaction of the EO with the food or other exgitnfactors such as pH, packaging environment
etc. [58]. A lower pH tends to show higher inhilbjtoeffects on bacteria as it increases
hydrophobicity, which enables it to easily dissoinghe lipids present in the cell membrane of
the target bacteria [59]. In addition to pH, ithslieved that low oxygen concentrations cause
fewer oxidative changes to the EOs [18, 60]. Therdyhobic nature of EOs is a limiting factor
in terms of application, but can be overcome byu$e of stabilizing agents such as Tween-80,

Tween-20 and lecithin.

The inherent antimicrobial ability of an oil can t&ated to the chemical configuration of
the components, the concentrations in which theypaesent, and also the interactions between
them [27, 35]. An antagonistic effect is observeldew compounds are applied together. The
effect of one or both compounds is reduced whetieabpogether in comparison to when they
are used alone. Additive properties are expresdeehvihe combined effect is equal to the
individual effect, while synergism is expressed witlee sum of the combined effect is greater
than the individual effect [61]. Hence by tryingdevelop suitable synergistic combinations of
EOs, we can effectively apply them to food in lowencentrations than required individually,

along with the use of a suitable stabilizing agent.
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CHAPTER 2: MATERIALS AND METHODS
1. Essential oils

The essential oils used in this study were alinemy grade. Bay L{@urus nobilig,
bergamot Citrus bergamia) cinnamon Cinnamomum verujn oregano Qriganum vulgarg
clove Syzygium aromaticumn lemongrass Gymbopogon flexuosys)nutmeg KMyristica
fragrang, thyme {Thymus vulgar)s rosemary Rosmarinus officinaljs and sage Salvia
officinalis) were analyzed. These essential oils were seleti@skd on their reported
antimicrobial activity, sensory properties and fresence of different components in the EOs.

The oils were obtained from Lorann oils and flaviiransing, Michigan).
2. Test strains and cultures

The cultures used in this study wetecherichia coliATCC 25922),Escherichia coli
(ATCC 700927)Salmonellalyphimurium(ATCC 19585) Listeria innocua(ATCC 33090) and
Listeria monocytogen$ATCC 19115). Working cultures were prepared bp-sulturing and
maintaining on tryptic soy agar (TSA, BD Difco, bBmt, Michigan). Test inoculums were
prepared by transferring 24-hour old cultures vieotton swab to 5 ml of 0.85% saline. The
saline suspension was adjusted to an optical geofs.1 for each bacteria, which corresponds
to 0.5 McFarland standard (1x2dJu/ml). Once standardized, 50yl of the saline sosjpn was
transferred to 10 ml of cation-adjusted Muellerddm Il broth (CAMHB, BD Difco, Detroit,

Michigan).
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3. Essential oil emulsions

Due to the insolubility of EOs in water, oil-in-veait emulsions were prepared using
Tween-80 as the emulsifying agent. Oil and Tweena@de mixed at a ratio of 1:0.5 in an
agueous phase, to give a final oil concentratio@@fl/ml. The mixture was then subjected to
sonication for 5 minutes using an ultrasonicatasi{€&r Scientific Sonic Dismembrator Model

300) to achieve potential nano particulate dispersif the EOs.
4. Determination of minimum inhibitory concentration (MIC)

The MIC for the oil emulsions was determined bytbnmicro dilution method according
to the National Committee of Clinical Laboratori8g&andards (NCCLS) guidelines [62]. The
prepared oil emulsions were diluted two-fold in CAB to a concentration of 10,000 ppm. 100
pl of each emulsion was loaded into the first rdva ®6-well plate and 50 pl of CAMHB was
added to each subsequent row. The emulsions weadl\sdiluted to obtain final concentrations
of 5000, 2500, 1250, 625, 312, 156, 78 and 39 gmatsmillion (ppm). To each well 50 pl of

standardized inoculum was added, giving a bactediatentration of 5 x £&CFU/mI.

A positive control (containing inoculum but no es$& oil) and negative control
(containing essential oil but no inoculum) werelued in each 96-well plate. Effect of Tween-
80 alone on bacterial growth was examined and fextsfwere seen. Plates were incubated for
24 hours at 37°C and observed after 24 hours. VA€ determined as the lowest concentration

showing no visible signs of growth.
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5. Determination of synergy between essential oihilsions using checkerboard method

Synergy between oil emulsions was determined usiegheckerboard method [63, 64].
Oil emulsion (A) was diluted along the x-axis, vehil emulsion (B) was diluted along the y-
axis. The final volume in each well was 100 pl, poised of 50 ul of emulsion dilution and 50
pl of bacteria standardized in CAMHB. Plates weneubated at 37°C for 24 hours. The
fractional inhibitory concentration (FIC) indice®wre calculated as F)G FICg, where FIG and

FICg are the respective MIC of oil emulsion A and B. fidiere FICs were calculated as:

MIC s Combination L.
FICs= FICE - MICg Combination
MIC4 Alone MICg Alone

The combination was considered synergistic if tna ®f the FICs was equal to or less than 0.5.
If the values were between 0.5-1.0, 1.0-4.0 ordrighan 4.0, they were considered to be

additive, indifferent or antagonistic respectively.

6. Preparation and treatment of chicken sample

Chicken was obtained from Blimpie’s Sandwich ShDgttoit, MI) and transported on
ice to be used for experimental purposes and psedeas described by Kim et al [65]. The
pieces were uniformly cut and weighed into 5 geanounts. Each piece was sterilized in a 100
ppm sodium hypochlorite solution for 30 minutes ainded with deionized water. The samples
were then inoculated with the bacteria standardizgdAMHB, and consequently treated with a
twofold concentration of the individuah vitro MIC of the EOs that expressed synergism. The
pieces were placed in 60 mm dishes and stored uredegeration at 4°C. Samples were

prepared for day O, day 1, day 3 and day 6 for éackerial treatment.
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5 ml of 0.1% peptone water was added to each saengetransferred to a stomacher
bag. It was then mixed vigorously for 60 second®22Q rpm in a stomacher. 0.1 ml of the
solution was taken and serially diluted fromi*16 10°. Each dilution was inoculated to TSA
and incubated for 24 hours at 37°C. The coloniexiéd were counted using a colony counter.

The bacterial count was multiplied by the dilutiactor and converted to Log CFU/gm.
7. Statistical analysis

Statistical analysis of the data was performedguSIRSS 22.0 (IBM corp, Chicago, IL).
Data represents the means of experiments performéaplicate. The means were compared
using ANOVA (Analysis of Variance). Furthermore, KBy's test was applied with a

significance level p<0.05.
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CHAPTER 3: RESULTS

1. Determination of minimum inhibitory concentration

All EO emulsions were evaluated for their potenéiatimicrobial activity againgk. coli
(ATCC 25922),E. coli (ATCC 700927),S. Typhimurium (ATCC 19585),L. innocua(ATCC
33090) andL. monocytogengATCC 19115). Bergamot and nutmeg did not exhédnity
antimicrobial activity against any of the test origans within the selected test parameters and
were therefore excluded from further analysis. Satg showed no activity towards.
Typhimurium and was excluded. The MIC of the remaining EO eionts againstE. coli
(ATCC 25922) anckE. coli (ATCC 700927) can be seen in Figure 3. Cinnamonmesged the
lowest MIC at 312.5 ppm for both organisms, folloWey oregano at 625 ppm. Sage showed the
highest MIC for both organisms at 5000 ppm whilseraary only expressed 5000 ppm Eor

coli ATCC 700927.

Figure 4 shows the MIC for the EOs agaihstinnocua and L. monocyatogens
Cinnamon showed the lowest MIC for both organistn&2® ppm, followed by lemongrass and
sage at 1250 ppm fdr. monocytogenand thyme at 1250 ppm far innocua The highest MIC
of 5000 ppm was seen in case of rosemary and éw\te innocua All remaining MICs were at

2500 ppm.

Figure 5 represents the MIC for all EOs excludi@ggamot, nutmeg and sage against
S.typhimurium The lowest MIC was expressed by cinnamon at aunaon of 625ppm,
followed by thyme at 1250 ppm. Bay, oregano andilegnass all exhibited a MIC of 2500 ppm.

The highest MIC was seen in case of rosemary anek @t 5000 ppm.
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Figure 3. MIC of selected EOs against coliATCC 25922 andE. coliATCC 700927
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2. Determination of synergy between cinnamon and selestd EOs

The quantitative effect of cinnamon in combinatiaith other EO emulsions is expressed
in terms of FIC indices. The FICs of the combinasicare shown in Table 3. Synergy was
observed only in case of cinnamon and oregano sigaircoli ATCC 700927 and.. innocua
while cinnamon and clove showed synergism towdrdsnnocua.Cinnamon and oregano
showed an additive affect towarHs coli ATCC 25922 and.. monocytogensAnother additive
effect was seen in case of cinnamon and thyme tsvBr coli ATCC 25922 andS.
typhimurium All other combinations of selected EOs with cimuen were antagonistic towards

all test organisms.
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Table 3.FIC indices of cinnamon and selected EOs agaissbtganisms

Foodborne Cinnamon & Cinnamon & Cinnamon & Cinnamon & Cinnamon &
Pathogen Oregano Thyme Clove Bay Lemon grass
E.coliATCC 0.46+0.3 1.05+0.07 1.2+0.17 1.27+0.02 () 1.58+0.04
700927 (S) (D (D (D
E.coliATCC 0.8+0.005 0.57+0.03 1.3£0.005 1.06+0.11 () 1.24+0.12
25922 (A) (A) (D (D
S.typhimurium 1.03+0.05 0.91+0.015 1.06x0.11 1.24+0.07 () 1.03+0.05
(1 (A) (1 (1)
L.innocua 0.44+0.02 1.06+0.11 0.5+0.01 1.10+0.18 () 1.14+0.12
(S) (1 S) (1

L.monocytogens 0.65+0.005  1.06+0.11 1.14+0.15 1.20+0.10 (1) 1.10+0.17
(A) 0] (1 (1

Results are interpreted as synergy (S, FIC < @ddjtion (A, 0.5< FIC <1), indifference (I, 1<
FIC< 4) or antagonism (AN, FIC > 4).
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3. Antimicrobial action of selected EOs and EO comhations to chicken

To determine the antimicrobial efficacy of theestééd EOs and their combinations in a
food model, chicken samples were treated and iated! During storage at 4 °C all selected
combinations and samples showed a significant (0.64) reduction in bacterial load in

comparison to control samples.

Figure 6 — figure 10 show the action of cinnamamalonE. coli (ATCC 25922).E. coli
(ATCC 700927), L. monocytogens(ATCC 19115), L. innocua (ATCC 33090) andS.
Typhimurium (ATCC 19585). It reduced growth in coamigon to control samples by 2.885,
3.39, 3.275, 4.29 and 3.06 Log respectively. it lba seen that it reduced cell load between day

1 and day 6 in case bf innocua Though all other samples on their own showedsligowth.

Figure 11 — figure 13 represent the action of thyatee onE.coli ATCC 700927,S.
Typhimurium and L. innocua. All samples were significantly lower in bacteriadad in
comparison to control samples, but showed slighwvgr between day 1 and day 6. It showed a
reduction ofE. coli (ATCC 700927),L. innocua(ATCC 33090) ands. Typhimurium (ATCC

19585) in comparison to control by 1.23, 1.065 &r88 respectively.

Figure 14 and 15 show the action of oregano indiily onE. coli ATCC 700927 and
E. coli ATCC 25922. Both samples showed similar activiyreported for thyme and showed a
reduction of 3.21 foiE. coli (ATCC 25922) and 3.535 fdE. coli (ATCC 700927) between

control and test samples.

All combinations of cinnamon and selected EOs axtabsimilar trends of significant
reduction in comparison to control, while showingldngrowth between day 1 and day 6.

Cinnamon and oregano in combination redu€edoli (ATCC 25922)E. coli (ATCC 700927),
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L. monocytogensATCC 19115) and.. innocua(ATCC 33090) by 2.215, 3.175, 2.2 and 2.085
Log. While cinnamon in combination with thyme shaowe reduction of 1.76 Log fdE. coli

(ATCC 25922) and 2.71 Log fo®. Thyphimurium in comparison to the control samples.
Cinnamon and clove was only tested againshnocuaand reduced the bacterial load by 2.215

Log when compared to the control.
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Figure 6. Antimicrobial activity of cinnamon at 625 ppm & coli ATCC 25922 growth on
chicken in comparison to control at 4 °C.
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Figure 7. Antimicrobial activity of cinnamon at 625 ppm & coli ATCC 700927 growth on
chicken in comparison to control at 4 °C.
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Figure 8. Antimicrobial activity of cinnamon at 1250 ppm 8nTyphimurium growth on
chicken in comparison to control at 4 °C.
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Figure 9. Antimicrobial activity of cinnamon at 1250 ppm bnmonocytogengrowth on
chicken in comparison to control at 4 °C.
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Figure 10. Antimicrobial activity of cinnamon at 1250 ppm bninnocuagrowth on chicken in
comparison to control at 4 °C.
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Figure 11. Antimicrobial activity of thyme at 2500 ppm &n coliATCC 700927 growth on
chicken in comparison to control at 4 °C.
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Figure 12. Antimicrobial activity of thyme at 2500 ppm @typhimuriungrowth on chicken in
comparison to control during 4 °C.
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Figure 13. Antimicrobial activity of thyme at 2500 ppm &ninnocuagrowth on chicken in
comparison to control during 4 °C.
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Figure 14. Antimicrobial activity of oregano at 1250 ppm B&rcoli ATCC 700927 growth on
chicken in comparison to control during 4 °C.
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Figure 15. Antimicrobial activity of oregano at 1250 ppm Brcoli ATCC 25922 growth on
chicken in comparison to control during 4 °C.
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Figure 16. Antimicrobial activity of cinnamon at 625 ppm anegano at 1250 ppm dacoli
ATCC 700927 growth on chicken in comparison to oarduring 4 °C.
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Figure 17. Antimicrobial activity of cinnamon at 625 ppm aoikgano at 1250 ppm d&nhcoli
ATCC 25922 growth on chicken in comparison to colndiuring 4 °C.
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Figure 18. Antimicrobial activity of cinnamon at 1250 ppm amekgano at 2500 ppm an
monocytogengrowth on chicken in comparison to control durdhC.
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Figure 19. Antimicrobial activity of cinnamon at 1250 ppm amegano at 1250 ppm dan
innocuagrowth on chicken in comparison to control durhgC.
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Figure 20. Antimicrobial activity of cinnamon at 1250 ppm atiiyme at 1250 ppm da.coli
ATCC 25922 growth on chicken in comparison to colndiuring 4 °C.
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Figure 21. Antimicrobial activity of cinnamon at 1250 ppm atiiyme at 2500 ppm d8.
typhimuriumgrowth on chicken in comparison to control durdhC.
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Figure 22. Antimicrobial activity of cinnamon at 1250 ppm acidve at 2500 ppm ol.
innocuagrowth on chicken in comparison to control durhgC.
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CHAPTER 4: DISCUSSION

EOs have shown to be effective against a varietip@dborne microorganisms under
vitro conditions but have presented with application @ntcentration issues when used in actual
food products. Since higher concentrations of E@gequired when used as additives to food, it
is a challenge to develop optimized low concentdregito be used for product safety. The use of
a surfactant likeTween-80aids in the stabilization of the oil-in-water emats thereby
overcoming the inherent hydrophobic nature of thseatial oils and extending its range of
product application. Attempting to find synergisttombinations allows us to achieve the
required low optimal concentration that minimizhe effect on the organoleptic properties and

interactions with other food components.

In the initial study the selected EOs were scrdefog their potential antimicrobial
activity against the selected foodborne bactenialifRinary findings showed that bergamot and
nutmeg expressed no antimicrobial activity relativethe other oils towards any of the test
organisms since possible inhibitory concentratiexseeded the selected parameter of 5000 ppm
as the highest MIC. This can be attributed to tlgh ltomposition of limonene and sabinene
respectively for bergamot and nutmeg. Both limonane sabinene are major constituents in the
terpenes family, a group that lacks high inheretin@crobial activity [48]. Even though nutmeg
has phenylpropenes like euganol present, the amaugtinsufficient to express antimicrobial
activity at the concentrations of EO used in thelgt The same can be seen in case of bergamot,
where the presence of linalool and linalyl aceté&ey terpenoids, is not sufficient to show
antimicrobial activity. Other studies suggest tleg required in concentrations ranging from
2000 ug-5000 pg to show effect [41, 48]. Bay exgedsa consistent inhibitory effect on all test

organisms, which is in agreement with findings frother studies [38]. This can be reasoned by
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the presence of 1,8-cineole, a terpenoid [31]. difference in activity betweek.coli ATCC
700927 anckE.coli ATCC 25922 may be attributed to differences indgecal properties of the
two organisms. The most effective inhibitor of skt organisms was cinnamon. It had the
lowest MIC amongst all the oils with 312 ppm fortibde.coli strains while 625 ppm for
S.typhimuriumand both species ofisteria. This activity can be explained by the high
concentration of trans-cinnamaldehyde present 84, which results in loss of membrane
integrity and decrease ATPase activity due to dapdtion of the cell [53, 66]. The
antimicrobial efficacy of cinnamon can also beilttted to euganol. Although euganol is not
present in very high concentrations in cinnamobijnts and affects the properties of proteins at
sub lethal concentrations [55]. Rosemary predontipaxpressed a high MIC of 5000 ppm
towardsS.typhimuriumL.innocuaandE.coli ATCC 700927. This can be due to the presence of
a—pinene and bronyl acetate in varying concentratioss both terpenes have very low
antimicrobial activity [35]. Rosemary’s MIC was dhe lower end of the spectrum at a
concentration of 2500 ppm fdar.monocytogensnd E.coli ATCC 25922. This may be due to
differences in structural and physiological prost[67]. Sage showed similar results, with
MICs at 5000 ppm. The major components of sagetemgenes, which supports the low
antimicrobial activity seen. The antimicrobial &dyy of clove and lemongrass was similar in a
few casesS.typhimurium, E.colATCC 700927, andE.coli ATCC 25922. While the primary
constituent of clove is euganol and the primarystitunent of lemongrass is gerinal, they both are
effective in expressing antimicrobial effect on ttedl [31]. The variation seen in case of the two
Listeriaspecies could be due to the presence of teichadrathe cell wall ofL. innocua,which
makes it less susceptible to hydrophobic compowah as EOs [67]. Oregano was most

effective on bothE.coli species, and this activity can be explained by pghesence of high
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amounts of carvacrol as well as the presencg-alymene has been reported to promote
carvacrol activity [51]. Oregano had a slightly Ewantimicrobial effect on the other test
organisms. Thyme also showed a varying range amambbial activity on the test organisms.
Most of the oils did not follow the reported trentlincreased activity towards Gram-positive
species [6, 27, 33]. It is believed that individaamponents of EOs express different degrees of
activity against Gram-positive and Gram-negativgaoisms and as it is known that the
composition of EOs can vary by time and place o/ést or methods of extraction [18]. It is
therefore possible that variation between batchesifficient to present a range in variability of
antimicrobial action on Gram-negative and Gram4pasibacteria. A direct comparison of these
essential oil emulsions with previous reportedwéstiagainst the selected organisms is difficult,

due to the use of different solvents as ethanoldamethyl sulfoxide (DMSO) [68, 69].

Combinations of cinnamon with other EOs were sadeto determine if they were
synergistic with each other. Cinnamon was seleagethe primary EO as it exhibited the highest
and most consistent antimicrobial activity. Onlyotwombinations showed synergistic activity:
cinnamon and oregano agairiscoli ATCC 700927 and..innocug and cinnamon and clove
againstL.innocua Additive effects were seen for combinations afneimon with oregano and
thyme. It is believed that minor components preserthe EOs are important to the activity of
the EOs main components, and may even have a sstie@ potentiating impact [18, 68]. As
most plant essential oils possess a similar makef whemical constituents, their combinations
are more likely to exhibit addition or indifferencather than synergism. Combinations with
compounds containing different chemical structumght show better antimicrobial activity

[68]. Since antimicrobial activity is not only iménced by chemical composition but also by
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lipophilic properties, the potency of functionabgps or aqueous solubility using a mixture of

compounds can increase antimicrobial activity [35].

A crucial aspect of optimizing the application o®& to food products is determining
their antimicrobial efficacy with a food model. dHindings of the food model study were
promising. Three of the synergistic and four of #uglitive combinations were used to treat the
chicken along with samples treated with their imndinal EOs. Clove was excluded from the
study as it had an individual MIC above 2500 ppnt.fifst glance one can clearly see a
difference in growth between the test samples aedcontrol samples, even though all except
one showed minimal growth in the presence of thes.BEQnnamon was effective in reducing
L.innocuaby 0.205 Log CFU/gm between day 0 and day 6, wisalery minute but taking into
consideration the low concentration of cinnamonduseof note. All the EO treated samples
showed a significant (p<0.01) lowering of bactegaunt in comparison with control. When
examined independently, they showed minor incréaggowth. Even though there was minor
growth, the EO had an effect as they were ablesstrict it to a certain level. The variation
between thén vitro activities of the oils seen in the food model staduld be due to interaction
of the EOs with components of the food such asdats proteins. A high concentration of fats
has been reported to have a negative influencé@madtivity of cinnamon and clove EOs [70],
while high concentrations of proteins promote thenaicrobial activity of EOs when applied to
food [71]. Therefore, the composition of the foagguct is also an influencing factor to the

efficacy of EOs as antimicrobial agents in food.
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CHAPTER 5: CONCLUSION

The control of foodborne pathogens is a majorlehgk confronting the food industry
[72, 73]. Hot water treatments, steam and orgarddsa are commonly used in the
decontamination process, but are not 100% effesiivee many pathogenic bacteria can survive
and thrive. It has been suggested that the useOsf iB combination with other conventional
treatments like preservatives or low temperatune loa used as a synergistic alternative to
existing methods [72]. This study focuses on theemial of using EOs in food products as a
means to prevent further infections. Tween—80 ¢sugial element to the EO composition, as it
allows for the application of the EOs to productgshaut their inherent hydrophobic nature

affecting their potential activity.

The EO combinations revealed possible combinatibas may be used. Cinnamon and
oregano showed an additive effect agaisbli ATCC 700927 E.coliATCC 25922 L.innocua
andL.monocytogendn addition, cinnamon with thyme and clove westestively effective. The
results of this study suggest that these combinstieshould be considered as potential
alternatives for control of pathogens and to reduoerobial spoilage. A difference in activity
betweenin vitro and actual food application was seen in the stwdych is consistent with
findings from previous studies [3, 6]. At twofoldet concentration used in threvitro study, the
EOs were only able to reduce growth rate rathen t@mpletely inhibit growth over a 6-day
period. However, there was significant reductiontlie growth rate when compared to the
control group. The results of this study suppoet #&ngument that EOs have the potential to be
used as antimicrobial control agents, and futuweliss should elucidate the potential of these

synergistic EO combinations in various food mo@asn alternative to synthetic preservatives.
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ABSTRACT

ANTIMICROBIAL ACTIVITY OF ESSENTIAL OIL
EMULSIONS AND POSSIBLE SYNERGISTIC EFFECT ON
FOOD BORNE PATHOGENS

by
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May 2014

Advisor: Dr. Yifan Zhang
Major: Nutrition and Food Science
Degree: Master of Science

The objective of this study was to evaluate thanantobial activity of essential oil
emulsions against food borne pathogenic bactedadatermine potential applications. The oils
used for this study were cinnamon, oregano, cltdwame, rosemary, sage, bergamot, nutmeg,
lemon grass and bay. Oil in water emulsions weepged using Tween 80 as an emulsifying
agent, with a stock oil concentration in the enarisi of 20,000 ppm. Essential oil emulsions
were individually screened againg&. coli (ATCC 25922), E. coli (ATCC 700927), L.
monocytogengATCC 19115),L. innocua(ATCC 33090) ands. Typhimurium (ATCC 19585)
using the broth micro dilution method. Cinnamon wgéd the highest antimicrobial efficacy
against all test organisms, as determined by th@mmam inhibitory concentration (MIC).
Oregano had the second highest efficacy, whileother oils did not exhibit high antimicrobial
activities. To determine synergistic effect of temulsions, combinations were tested using
checkerboard method. The only synergism observedb&Bveen cinnamon and oregano against

E. coli (ATCC 700927) and.. innocua(ATCC 33090) and also between cinnamon and clove
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towardsL. innocua(ATCC 33090). All other combinations were additveindifferent in nature

to the test organisms. To determine antimicrobesivay of the essential oils on food, chicken
pieces were inoculated with the bacteria standaddiza CAMHB, and consequently treated with
a twofold concentration of the individuia vitro MIC of the EOs that expressed synergism. The
pieces were placed in 60 mm dishes and stored uredegeration at 4°C. Samples were
prepared for day 0, day 1, day 3 and day 6 for éacierial treatment.Cinnamon in comparison
to control showed Log reduction d&. coli (ATCC 25922),E. coli (ATCC 700927),L.
monocytogengATCC 19115),L. innocua(ATCC 33090) ands. Typhimurium (ATCC 19585)
by 2.885, 3.39, 3.275, 4.29 and 3.06. While oregadocecE. coli (ATCC 25922) ancE. coli
(ATCC 700927) by 3.21 and 3.53 Log. All bacteripksies showed significant reduction (p <
0.05) in comparison to control samples. These tesuiggest that essential oil emulsions have

the potential to be used as antimicrobial agenteridancing food safety.
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