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ABSTRACT

Herbal extracts and oils apotential alternatives to chemicdlased disinfe@ntsdue to concerns
on antbiotic resistance an@ddverseconsequencesf synthetic antimicrobials on humarealth. A
native Mediterraneanspiceherb, Oreganoharbors bioactive compoundsCarvacrol and Thymol
which possessedoutstanding bacteriostatic effect on broadcommunity of microbes A
comparative analysis ofregano plantbased extracts their oil and commercial synthetic
antimicrobial was focusedon this research.Solventextraction method for Oregano extracts
synthesis and microdilution assaywas performed to determine the minimum inhibitory
concentrationof derived productagainstEscherichia coli AT®T5597 strainFour products viz:
ethanol extracts from freshly producedregano, Carvacrol rich essential oil of Oregano,
Benzalkonium chloride and Sodiutypochloritebased disinfectant were assessedfor their
efficacy as antimicrobial ageim invitro condition Data analysis was performed usi8#SS and
MSEXCELo calibrate the bacterial growth curvbased on optical density at 600nmll the
disinfectants killed bacteria at different concentrationat different time and a significant
bactericidal effect was observed between plant based and chemical based bioGdsgano
essential oil at 25% concentratioBJeach atl00%, 50%, 25% and 12.5%ncentration,Pineo-
Cleen@®t 25%, 12.5%, 6.3% ardd2% dilutionwere highly effective to suppress bacterial growth
for 24 hours. Oregano ethanol extractspictedmoderate antibacterial effeauntil 10-15 hoursof
exposure butfails for acomplete growth inhibition. The researchoutlined significant merits of
oregancbased antimicrobials, but confirmatory trialson efficacy andtoxicity need to be

performedfor future applications.
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CHAPTER 1: INTRODUCTION

Cleaning and sanitization are basic prerequisites to maintain and minimize the microbes within
safe level for human being. The economically feasible way to combat the spread of infections from
public spaces can only be possible from used of disinfectants. Increasing number of people with
low immune response and higher susceptibilityniocrobialinfections is major driving factor for
development of effective disinfectants. Recent trend of immunisation and vaccination had
lowered the burden of severe infections, but sanitisation has always been considered as initial
strategy to overcome the detrimental consequences (Australian Institute of Health and Welfare
2022). While chemical disinfectants are widely used as cleaning agent reasonable concern aroused
about its potential harm to human health and its role in antimicrobial resistance. Over a prolonged
period, this chemical exposure from disinfectants to food and human could have compromising
health effects to be concernedoreover, ncreasing concentration of benzalkonium chloride had
been correlated with bacterial adaptive resistance and development of cross resistance of Listeria
monocytogenes like bacteria to Ethidium bromide, Ciprofloxacin's and Cephalospdurst al.

2018)

Oreganoessential oil (OEQ has emerged as a potential alternativantimicrobial agent Its
constituents,Carvacrobnd thymol, have been studied for their antimicrobial properties and have
shown effectiveness against various pathogdi@hami et al. 2005, Siroli et al. 200kher than

this, Oreganooil's had beenusdl in feed additives for its immunomodulating and antioxidizing
nature (Alagawany et al. 2020While some research has asses$&ekganooil's efficacy against
bacterial biofilms, gaps remain in understanding its effectiveness, that needed to be confirmed
through repetitive studiegValeriano et al. 20125ince an efficient agent for biocide is always a

demand to control new and emerging pathogens. This study aims to evaluate the potential of
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Carvacrolrich Oreganooil and freshOreganoethanolic product as an environmentally friendly
alternative of chloridebased disinfectants using Escherichia. Coli (ATTC 15597) clinical strain as an

indicator in ambient growth environment

The introductory section will emphasized on review papers relatedOt@gano oil, their
antimicrobial nature, meachanism of actiaf essential oils (EOspnstituents, underlying safety

concerns, methods employed for the extractiand antimicrobial assessment

1.1 Trend ofchemical disinfectantuse.

Disinfectantsare a germicidal agentwhich is norspecificto microbesand can beapplied on non
living surfaceghat ensure no traces of vegetative spord&rious mode ofmicrobial inhibition
including alkylation, oxidatioror protein denaturationhas beenexpected from these agents.
(Kozmenkeet.al 2014).QuaternaryAmmoniumCompoundgQACs)are widely usedsupplements

for domestic cleaningproducts. Benzalkonium ChloriddBACs)was expected to be highly
produced QACE0-25million poundsyith majority (approximately80%9 of use in disinfectants or
sanitizers andbiocides whereas minor amount frair conditioners in shampoos and cream rinses,
emulsifying agents, andeodorizergBoethling 1984)Alcohol based disinfectants as an effective
disinfectants exhibad a promising market growth because of the biocidal property and easy
vaporisationafter use Global market oralcohotbased disinfectants attributed a market size of
1.78 billion (USDx) 2019 andhas been projected a CAGR>1% to attain a market value of 3.78
billion(USD) by 2026.In an industrial setting these disinfectardsused for sanitizing municipal
and streets areas, air craft and industrial equipment wherbagher demand for food storage
sanitation, pest elimination, household disinfection, industrial and commercial floor cleaning had
been expected to besignificant drivers for incremeat consumptionin future. (Global Market

Insights, 2020).



1.2 Antimicrobial efficacyof OreganoEssential Oil

An antimicrobial enhancement with 0.5%wBreganoessential oil (OEO) proved to be an efficient
detergent solution for handwashing and surface decontamination. Inoculation of Salmonella
containing wipes with 0.2%0EO solution decreased bacteria vole by tlogy@orming Unit
(CFUwipe. Minimal effects of 0.2% OEO solution was observedefocoliwhereas reduction of

3log CFU/wipe was noticed with 0.5% OEO solution. At a higher concentration (1% OEO
solution),no pathogens were detected and the bacterial counts were below 2.7 log

CFU/wipelRhoades et al. 2013)

Similarly, stainless steel surface decontaminationHorcoliafter wiping with water only produce

2.4 log CFU, plain shop was also not effective whereas combined effect of soap and OEO removed
all the detectable microbes(<0.95logCFU). Antimicrobial wiping of wooden surface using water,
plain soap, and soap with OEO influenced bacterial survival rate of 6.9, 4.2 andg2CFU
respectively while plastic surface were detected with visible count of 4.9, 1.8 and 1.2 log CFU

respectively(Rhoades et al. 201.3)

UropathogenicE. colibiofilm inhibition has been investigated and 79 essential oils were screened
for their effectivenessn 96well plates under crystal violet assay, scanning electron microscopy,
and confocal laser scanning microscopy. Biofilm producing ability of Uropathogemialiwvas
inhibited at sub lethal concentrations below 0.01%»eganooil and thyme red oilCarvacrobnd
thymol were expected to subdue fimbriae development and swarming motility of the bacteria.

(Lee et al. 2017)

The MIC and MBC estimation@feganooil (diluted in ethanol 96%) for incremental inoculation of
2log CFU/ml, 4log CFU/mI and 6log CFU/mI each of Listeria monocytogenes ScditAcalitb5
shows higher level of MIC and MBC. The MIC value of essential oil for L. monocytogenes lies

between 125275mg/ml whereas foE. coliit ranged between 25@50mg/ml. Higher MIC value

3



was estimated in gram negative bacteria due to the presence of outer membrane that is selectively

permeable and impervious to hydrophobic macromolecu{8goli et al. 2014)

1.3 Plant part as source dDreganooil compounds

Origanumvulgaresubsp. gracilewas observed for essential oil constituents in various plant parts
including leaves, stem, roots, and flowefSarvacrolwere extracted in the essential oils from
flowers (79.2%), roots (70%), and the early vegetative growth (67.3¥M#&sshedloo et al. 2018)
Substantial amounts oCarvacrolwere also found in both the leaves (45.92%) and stems (18.1%)
of the plant. Among the stem components, the essential oil contained the significant
concentrations of pymene (15.8%), -terpinene (13.19%), (Hrocimene (6.82%), -pinene

(5.82%), (Eb-ocimene (5.17%), and myrcene (4.8%)

1.4 Chemical composition oBreganooil.

The variation in theO. vulgareessential oil composition has been associated with distinct
ecological conditionsgollection periods and methods, origins, plant populations, stage of plant
growth, and extraction and quantification metho¢Bisht et al. 2009 0reganohas been assessed

for its qualitative and quantitative properties at different phenological stages which is expected to
vary accordingly with growth and plant parts. Overall, 41 metabolites had been extracted from
Origanum vulgaresubsp. gracile essential oil extract comprising highest amount of
monoterpenoidsCarvacrol(18.1¢79.2%) followed byp-cymene (3.@m y & m4ebphene (0.9
15.8%),Carvacrolmethyl ether (0.89.9%), and (&)-bisabolene (0.88.7%).(Morshedloo et al.

2018)

O. vulgare species hirsutumssential oil from Greek origin was assessed for deriving their
antioxidant behaviour against lard oxidation. 16 compounds accounting for 97.6@segfno

essential oil composition, with thymol (40.4%)arvacrol(24.8%), and fgymene (16.8%) as the



LINA YI NB O2 y aerpinéndzQ yoh) zbEtent3-gl R2.1%), borneol (1.2%), and terpinén

ol (2.1%) in minor quantities were observed for their amtidising effect.

Oreganum vulgareessential oil from Portuguese origin was found to be composed of 64
compounds, collectively constituting 92.3% of its composition, with a predominant presence of
oxygenated monoterpenes (53.8%) and monoterpene hydrocarbons (26.4%) while assessing their
invitro antioxidant and antimicrobial properties. Major compounds examined by Agilent 6890 gas
chromatograph within the oxygenated monoterpenes includgarvacro(14.5%), thymol (12.6%),

I FSyOKet |t 02 K% NIGmE D 0 ETSINGLRYYSS vSreidinede 7)) = b
and ZXmethyl-3-(1-methylethyl}benzene (6.8%) were the main monoterpene hydrocarbons

(Teixeira et al. 2013)

1.5 Mechanism of action oOreganoessential oil

Essential oils are found to be higher radical scavengers and this antioxidant property varied
according to the plant parts and growth stageriganumvulgaresubsp. gracileflowers essential

oil exhibited the maximum antioxidant activity @@€50.68mL/mL) at flowering stage whereas the
stem oil had the minimum antioxidant activity in their vegetative and seed set period of growth.
(Morshedloo et al. 2018)Investigation of MRNA expression of hilA, prgH, invA, sipA, sipC, sipD,
sopB, sopE2 genes froBalmonella typhimuriuntultures alone (CTR), and with either thymol
0.47mM orCarvacrol0.47 mM at invitro condition exhibited a statistically significant (p < 0.05)
inhibition of these genes witlCarvacroland thymol. Moreover, except sipC gene comparatively
higher level of mMRNA expression was limited Warvacrol 0.47mM than thymol
0.47mM(Giovagnoni et al. 20200reganooil was effective in controlling MRSA (Methicillin
Resistant Staphylococcus Aureus) bacteria where it ruptured the bacterial cell membrane leaking

the cell content. Trcarboxylic acid (TCA) cycle inhibition has been noticed to affect the production



of its metabolites. TheCarvacrolin essential oil also limits the expression of PVL gene and

production of PVL toxin@ui et al. 2019)

1.6 Safety and toxicolgical aspect of essential oil

Oreganoessential oil has been in the list of generally recognized as safe products for general
provisions by Code of Federal regulations Title 21. (Electronic Code of Federal Regulations,2023).
The examination of genotoxicity ddriganum vulgare L. vireressential oil (OEO) in a @ay
repeated dose oral assay (micronucleus (MN) test and comet (standard and enzydiked
assays)) in 40 male and 40 female Wistar rats at various doses of 50, 100 and 200mg/kg body
weight as per OECD guideline 408 indicate that OEO did not prevail mortality or any forms of
oxidative impairment in tested specimens. Even at the highest tested dosage of oral feeding
(200mg/Kg), no significant observed effect was noticed. The study concluded OEO as a safe food
packaging alternative because of its ntxic nature even at significantly higher level (380@l)

than expected consumer exposure lev@ltanaRuizCabello et al. 2017he chemical composition

of tested OEO as observed in gas chromatograph @awacrolé p p @y sithane (16:39%),

thymol (5.14%),-0 S NLJA Yy S 6 watiophgltete (2.4098). |

Similarly, during in vivo study dDreganoessential oil opposed to 11 MDR clinical isolates
comprising 4Acinetobacter baumannii 3 Pseudomonas aeruginosaand 4 methicillin-
resistantStaphylococcus aure@®RSA) and 2 Iluminescent strains of PAOl1 and MRSA
USA30igher level of microbial inhibition was observed. In female BALB/c mice model,
administering 5 or 10mg/ml of grape seed oil dilut€ideganoessential oil Carvacrol(72.25%),
thymol (6.62%), 08 YSY S 0o & NMA v 5 Y $ -pinemed{M2£%)) ®Hpicdlly on third
degree burn wounds for three times in three consecutive days corresponding to control groups
reported no negative side effect on the skin hisigy. Tunnel assay for genotoxicity also revealed

similar nontoxic effect of Oreganooil (Lu et al. 2018)The results derived from treatment of



Candida albicans in oral candidiasis of rats also show an excellent inhibition of the fungal isolates
along with absence of severe toxicity ©arvacroland eugenol at approximated dose of>2fJkg

and 10>g/kg respectively{Chami et al. 2005Also0, invitro cytotoxicity evaluation by MTTF(B5
dimethylthiazot2-yl)-2,5-diphenyltetrazolium bromide) assay in HEL 12469 human embryonic cells
lines exhibited 50% cell death at 0.058 pL/mL for Essential orefano The cytotoxicity
assessment for wide range of essential oil frOmegang Thymus vulgarid,avandula angustifolia
Eugenia caryophyllatalrhuja pelicataand clary sage had a lowest cytotoxic effect on HEL12469
cells as assessed within 24 hours period. Thevacrokontent inOreganooil was not mentioned

in the research papad t dzO1t+ N2 @t SiG £ ® HAMTO

1.7 Selection of growth media.

Different growth media has been focused for their favourable responde.aolsurvivability. Luria
broths are suited for rapid growth &. colplasmids and higher yield of inoculum. Terrific broth on
the other hand constituted glycerol as major energy source supporting multiple microbial loads
and counteracts the acidity problems with potassium phosphdtessard 2013)Trypticase Soy
Broth (TSB) supported the growth Bf coliO157:H7in both acidic pH 4.5 induced by lactic acid
and alkaline pH 9 from 6.5% NaCl. But fermentation conditions, drying and temperature below 4°C
was not favourable foE. coligrowth in TSEGlass et al. 1992The viability assessment test far

col ATT@739 has confirmed that three growth media Nutrient Broth (NB), Brain Heart Infusion
(BHI) and LuriBertani Broth (LB) could be suitable media even up to 11 weeks. fooligrowth if

it is supplemented with optimal glucose lev@low et al. 2013)Moreover, the comparative
analysis of TSB, MacConkey, and Gnagative broth for enrichment of 52 isolates consisting of
0157 and norD157serotypes of Shiga Toxin produdisgherichia co(STEC]epicted TSB as the

more suitable initial enriching medium than rest of two. MacConkey and @Gregative broth,



being a selective media failed to support wide range of STEC isolates compared to the general

media(BordingJorgensen et al. 2021)

1.8 Streak plate method for isolation of pure culture:

It is one of the important aseptic techniques for isolation and propagation of bacteria from mixed
culture to a pure culture. Source for the bacterial inoculum could either belong to cell suspension
broth or original agar plate of source culture in this method. Streaking in the form of quadrant

could be developed following all the steps provided$snders 2012)

1.9 Microdilution assay:

Microtiter plate dilution method is considered as convenient and rapid way for a ‘srgke
bacterial screening. Some literatures have used microtiter plates for assessment of MIC value of
Oreganaooil. Oreganacstock solution is recovered in DMSO (40mg/ml) followed by-imia dilution

in brain heart infusion medium. Well plates were run with>2(of the suspensions containing 8.0
CFU/ml of bacteria and 188 [diluted Oreganooil at different concentrations. Control wells are
supplied with DMSO and media only. MIC estimation is based on the turbidity of wells, produced
by bacterial cell growth after microplates are incubated at 37°C for 24 h pdiiadet al. 2018)

The use of microtiter plate in immunoassay is found to be very effective for detecting sensitivities
for low drug concentratiorfKroener et al. 20035ince surface attached bacteria has been shown
to be more resistant to disinfectant compared to cells in planktonic broth. Therefore, further
confirmation of efficacy of disinfectant should also be checked in the surface test. For 18
commercial disinfectants under four different category (alcohol, mixed, chlorohexidine) microtiter
plate assay follows similar-féald dilution of disinfectants in mineralized water. 109 [ of
disinfectants added to 108 [mineralized water was serially diluted for its concextion by adding

100> [of mineralized water for up to 7 times {@ rows). Each well was subjected with 20(of



different concentration of disinfectants and 108 [ of bacterial inoculum. Positive control is
composed of sterile water and bacterial inoculum whereas negative control contains only tryptone
soy broth and sterile water. MIC was assessed in terms of visible bacterial growth across the

well.(Alajlan et al. 2022)

1.10Extraction, drying and storage @ddreganooil.

In an invitro assessment of antioxidant and free radical scavenging capacity, a povteggho

(25 grams) was stirred continuously for 2 hours in 150ml ethanol (95%)-dedi@e Celsius
temperature followed by drying using Blchi Rotavapor/water bath under vacuum at 40 degrees
Celsius and stored at 4 degrees Cel6Amarowicz et al. 2009) The confirmation of ethanol
concentration has been related to TPC (Total Polyphenol Content) for which 60% and 80% ethanol
was best suited producing higher (ABTS and DPPH) antioxidant values respecti@ehtala
asiatica(Chewet.al., 2011). Carvacrolcontent in Oreganooil show considerable volume ranging
from 56.2 to 81.4% when six different drying methods (shade drying at 25°C, hot air convective
drying, microwave assisted drying in 3 different conditions and Osmotic treatment) was used.
Assisted microwave heating/1150 W for 15 min show the higBesvacrolield under G@S and
GCFID chromatographic evaluatid@aputo et al. 2022) Thymus daenensis subsp. Daenehas

been found with incremental volume @arvacrobnd thymol constituents in its essential oil when
plant leaves were oven or microwave dried at 70°C temperature. Microwave drying produced
relatively low essential oil but it has been found effective in terms of short drying time, colour

quality and increment of major oil componeni®ahimmalek and Goli 2013)

The phenolic component for Origanum vulgare Extraction using 2L distillation unit at various time
frames from 1.25, 2.5, 5, 10, 20, 40, 80, 160, 240, and 360 min were studied for which the highest
concentration was found after 240 minutes of distillation. 2.312@meganooil per 100gm of

Oreganoleaves was the highest volume extracted at 240 minu(gkeljazkov et al. 2012)In a



comparative assessment of conventional hydro distillation with microwave assisted hydro
distillation method (MAHD) the duration for complete extraction differed among applied
techniques and conditions. Depending on the heat application of 600, 360 and 180W in microwave
assisted hydro distillation method total extraction time was 24, 29, and 45 min whereas hydro
distillation method took 136 min. The commencement of extraction also varied from 4, 9, and 25
min for MAHD at 600, 360, and 180 W, respectively, while in case of hydro distillation 16 min was
required. Heat transfer in hydro distillation was expected to occur gradually in contrast to
volumetric dispersion of radiated heat in MAHD methdéds NRA Yy A & .SHydrol-distifbation n H 1 0
method has been assessed with higher production of monoterpene hydrocarbons whereas
supercritical extraction was fruitful for oxygenated monoterpenéBusatta et al. 2017)
Components withhigher molecular weight is expected in the retention time of48 min from

hydro distilled essential oils. Modified Clevenger method for extraction of peppermint and lemon
grass essential oil from the fresh vegetal mass was able to produce the hydrolate within 2.5hours
at approximately 100C(de Oliveira et al. 2010 levenger apparatus has been used for extraction

of lightdark yellow oil from finely ground aerial parts@feganowithin a time of 4 hour. Moisture

content in the essential oil were dried using anhydrous Sodium sulgxtkalp et al. 2010)

Organic solvents show a higher yield of total phenolic content and greater scavenging activity for
Mediterranean and Mexica®©reganoin the order of Acetone>Methanol>Ethanol>Water. Also,
among the various techniques of extraction including shaking, sonication, and vortex method,
vertexing the specimen was assessed to be best method with higher yield of phenols from both
type of Oregano(Karimi et al. 2015)Phenolic compoundCarvacrolhad been assessed with no
polymerization or oxidation loss at higher temperature of 80thus expressed no significant
changes in colour or smdlGandova et al. 2023 he heat stability fo€arvacrohad been related

to the aromatic ring structure itCarvacrokhus preventing the loss of its antimicrobial functions

during extraction. process. Thermal stabilityGdrvacroln nanofibers had been assessed to found
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Carvacrol degradation around 2003 -250 3 thus representing itself as thermostable
encapsulating agenfFonseca et al. 2019)erpenes recoveriesasfound to be 7680% at 10%
and the highesCarvacrolvas obtained at 158 but higher temperature exposure for prolonged
period(300min)nducedpoor stability of terpenes during subcritical water extraction tééang et

al. 2007)

Qualitative and quantitative assessment ©feganooil constituents has been done using HPLC
chromatogram (Fraj et al. 2019pr Gas Chromatography coupled to Mass Spectromédiey

Oliveira et al. 2013nd GGFID Morshedlooet.al 2018) Hewlett Packard gas chromatograph 6890

D/ 6AOK |y Fdzi2al YLX SNJ OF NNASNJ Il a KSt AdzYz n
Ft26 NIYGST Ay2SOGAz2yyY &aLXAG cnYmI ndp >[I Ayt
°C/min to 250 °C] has been used to analyse the constituents of digbitledanooil. The column

used for detecionwas HPb b h2! . 6 ONRaadf Ay SR LRfeéeSiketSysS

and the flame ionization detector temperature was 275Z6eljazkov et al. 2012)

Storage related changes has been assessed donurus cardiaca Imotherwort) essential oll
where twofold decrease in initial hydrocarbon concentrations was found at the end of 7 month.
The critical factor affecting the essential oil constituents with low boiling temperature such as

mono and sesquiterpene hydrocarbons were evaporation and oxidglitntkuté et al. 2005)

1.11 Biofilm development

The ability to develop biofilm varied across the human pathogenic Shigatoxigeodadiexhibiting

higher level of biofilm growth by seropathotype A (0157:H7 and O157: NM) compared to B and C.
(Vogeleer et al. 2016xopolysaccharide (ATCC 4385 EPS) and curli production (mutant strain ATCC
43895) byE. coliwas reported to increase the biofilm resistance against chlorine to some extent.

Curli production byE. coliwas associated to the biofilm formation rather than on bacterial
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adhesion on surfacéRyu and Beuchat 2005)he nutrient concentration has been found to be
directly correlated to volume of bacterial growth on liquid media and contact surfaces exhibiting
significant bacterial colonization. Bacterial adhesion behaviour has also been guiding factor for
stable colony formation across these med@owan et al. 1991)An optimal temperature of 37°C,
proper aeration, and pH 7 was found to double the growth of E coli within 20 minutes in Luira
Bertani (LB) broth and further attain overnight cell growth of more thafi @BU/mI(Son and
Taylor 2012)In relation to contact surfaces studies showed thiaé tgrowth ofE. coliO157:H7
significantly increased by 3lagCFU/coupon after 1 day incubation at 25 °C and the pathogenic
volume was maintained for consecutive 7 day. Among the three different broth PBS, DW and TSB,
five microbes produced a bacterial count of approximatety,3%5, and 6 logo CFU/coupon

after 2h of initial inoculation at 25°C. Significantly higher pathogenic lev@ll§go CFU/coupon)

was obtained for TSB after 1 day of storage at RH 10Uktle Relative humidity of 100%vas
suitable to maintain the increased level of 31¢GFU pathogen until 21 dayssteel coupongBae

etal. 2012)

1.12 Bacteria Culture for Viability Assessment

Viability assessment of bacterial film has been done done by various methods including
permeability assessment by hydrophobic probe, conventional cultivation, resistivity measurement
by BacTrac 410mstrunment, epifluorescence analysis of acridine orange stained sample and so
on (Wirtanen et al. 2001)In this reportPesudomonas speciege detected in conventional

method by scraping the biofilms with cotton swab, transferred into Maximal Recovery Diluent,
stirred for 1minutes, serially diluted and finally incubated at 30°C on plate count agar for 3 days.
Conventional method despite being tedious and time consuming is convenient method for initial

detection of bacteria(Nocker et al. 2007)The challenges for molecular assay and polymerase
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chain reaction despite being rapid method is the over estimation of cell volume during DNA

amplification by dead cells and extracellular DNA within the tesidi et al. 2005)
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CHAPTER AIMS AND HYPOTHESIS

2.1 Aims

The study will address the questions related to efficacy of plant derived product as an alternative
to chemical based bactericidal solutiornkhis studycomprised afresh Australia grownOregano

herb and a foodbasedOreganoessential oilfor assessent of their potential to be usedas an
antimicrobial solution

Aim 1: To extract th®regangphenolic content through ethanolic extraction method.

Aim 2: To investigate the antimicrobial inhibition of novel disinfectant from different origin against

Escherichia coli.

2.2 Hypothesis

From among the disinfectants and plant derived biologic@ieganoextracts and oil will have

greater antimicrobial control than the chloriA@ased sanitizing agents.
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CHAPTER 3: MATERIAL AND METHODS

This section dictates on the materials, media preparation, method development for extract

preparation and the experimental design followed.

3.1 Biosafety training

The microbial strain of Escherichia coli has been used as an indicator organism to assess the
microbial response for which PC2 level risk had been realized. Biosafety training to excess PC2
facility was completed in initially weeks. This biosafety training certificate was renewed in October

2024 by Flinders University Institutional Biosafety Committee and is attached within appendix 1.

3.2 Choice of chemical disinfectant

Two commercially used disinfectant irrespective of their active compounds for bactericidal action
had been comparatively assessed with each other@rehancebased extracts and EO. The widely

used hospital grade disinfectant containing 1.6% w/w concentration of Benzalkonium chloride as

an active ingredient in 1.25 litiwaschosen for this research. The disinfectéwaid been marketed

08 Ala (RheBCSeegdYSK&A [ OSYRSNI I NR2YI AyFdzaSR
disinfecting the hard surfaces with tracesEdcherichia cqlStreptococcus aurewand viruses like

Polio virus, Corona 19 virus, Herpes Simplex Vjargd Influenza A Virus

The second chemical disinfectant selected was Australian manufactured and Woolworths
marketed Bleach. This product had been reviewed with 4.8 ratings to be used for general purpose
cleaning. An active ingredient for this product as specified in a label was Sodium hypochlorite
42gm/L with available chlorine of 4% w/v and sodium hydroxide 9gi&ibsequently, both
productshad been assessed for their minimum inhibitory concentration of bacteria in pure form

and no stock solution has been made for these two disinfectants.
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3.30reganoEssential Oll

The package®reganoessential oilwasselected with an assumption that th@arvacrokcontent
>80% is enough to inhibit the bacterial growth to greater extent. The dietary essential oil
YI Ny SGSR o0& %I y Serivedfforh OrigadumKhierBelediichiBupplemented with
blend of 30% part extra virgin olive oil and & 7p%&st Oreganoessential oil. The certificate of
confirmation in Appendid proved that the oil hagCarvacrolcontent >86% and less than 2%

Thymol.

3.4 Oregano Extract Preparation

Australia grown fresh Oregano leaves available in market were dried at room temperature for
three weeks. Once dried, mortar and pestle were used for manual grinding of all the leaves into
fine powder and debris like stems were removed. After that, 10 g of finely ground Oregano
powder was immersed and extracted with 100 mL of 70% ethanol using a magnetic stirrer at room
temperature for 4 hours operated at 800 revolution per minute inside the fume hood. The initial
extract at the end of 4 hour was filtereding Whatman 1 filter paper fitted in Buchner funnel
under the 85kpa vacuum pressure. The residue we Eeli N} OG SR Ay wmnn Y[ 27
time and filtration process was repeated. The ethanolic extract was then centrifuged (4000rpm)
for 20 minutes, and the combined ethanol filtrates were collected and taken to dryness in a rotary
evaporator. This process is optimized frof@huang et al. 2018pPregano ethanol extract
preparation method.The rotary evaporation unit was operated inside the fume hood all the time

to avoid harmful effect of ethanol vapour produced during the evaporation process. Firstly,
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heating bath was filled %2 of its volume with water and temperature was maintained add§@e

A.

FIGURE A: represented a packaged 10gm of fresh Oregano as a source material, Figure B & C: represented a room
temperature dried leaf for day 1 and day 20, Figure D: comprised manual grinding process with finely crushed
powder(left) and coarse leaves(right), Figure E: represent ethanolic extraction using magnetic stirrer either at 4 or
8hrs period, Figure F & G: illustrates vacuum assisted filtration setup and filtrated product, Figure H is a step for
concentration of extract in rotary evaporator, Figure | is the final ethanol extract of Oregano.

Figurel: Ethanol extracts of Oregano prepared from rotary evaporation techniques.

Celsius at boiling point of water. The high temperature extraction process was expected to speed
up the extraction process. 190 ml of Oregano filtrates was fed into the rotating evaporation flask.
Condenser unit is adjusted with cold water flow throughout an experiment whereas vacuum
pressure of 85kpa was created at rear end of condenser unit. The evaporation process was
operated constantly for a period of approximately 1 hour until the extract was concentrated in to
brown and greasy semi liquid form. To avoid the problem of overcooking from rapid evaporation
the speed of rotary flask was adjusted, and extract was retrieved prior to sticking of brownish
concentrate in the wall of flask. The final extract was recovered using 10ml pipette into a
container as shown in figure 1(I). The container was completely sealed with the masking tape to
prevent light exposure to the phenolic derivatives present in the extracts. The tube was labelled

and sealed properly and stored inside a refrigeratof2®&3 until further use
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3.4.1 Trial forOreganopreparation

The source material for the trial experiment was dried leaveOm#ganoobtained from the
nearest market. Té Oreganofor this product had been imported and packaged in Austrahd

was marketed as Garden freslach containing 1grams per packagdheOreganoused for trial

was selected irrespective of their origin ©Ofeganoplant during research. The motive of the trial
was to be familiar with the techniques used during extraction process and make necessary

optimization.

Optimization 1:Crushing with small volume for (approx. 50 mg) creating the fine powder for

extraction. It eased the manual grinding process and prevented yourself from hurting your fingers.

Optimization 2:70% ethanol was supposed to be vaporized for prolonged period of stirring as
observed during trial when left open inside the fume hood. The beaker was covered with
aluminium foil throughout the 1&our (first extraction: 4hrs and Second extraction: 8hrs)

extraction process to minimize the loss.

Optimization 3: The size Glass beaker was minimized (from 400ml to 200ml) to allow uniform
stirring of the powdered product. Large beaker had a disadvantage of escaping the powder mass

to the sides and remained isolated throughout the mixing process.

Optimization 4: Majority of the refinement in techniques for rotavapor use was learnt. It was
related with carefully maintaimgwater levelin awater bath, proper fitting of the Keck clips in the
joints of round bottom flask and distillation unit. Finalizing the rotating speed of the boiling flask
as well as estimabn of extract volumeto be concentrated in the flaskwere done The cooking
time for theextract had been minimized to prevent overcooking and stickiness of the dried extract

G2 glftta 2F o02AtAy3 Filaled® ¢KA& aAGSL) KIR 0SSy

18



be retrieved by scraping. The problem with scraping prevailed as result of round structure of flask

GKFG OFyQl 06S NBI OKSRZ

I RKSaA GBS yIF GdzNBE 27

3.5 Media preparationEscherichia colCulturing and Standardization.

The culture media of choice for growth &. coliATTC®15593train was nutrient broth media

z

idKS

which was optimized at the concentration of 13gm/litre of water. Moreover, nutrient agar at

concentration of 28gm/litre of water was useful for streak plating as well as spread plating. The

powdered mass of nutrient broth (3.25gm/250ml water) and nutrient agar (7gm/250ml| water)

wereautoclaved at 121 degree Celsius for 15 minutes and used in experimental culiireaf

C. Nutrient broth culture

, B. Quadrant Streaking

A. Pure culture

G. Incubation

H. Colony counting

pN

D. Optimization of Optical Density

1. MIC test

F. Spread plating

“Figure-A” illustrated cryopreserved pure culture of ATTC 15597 strain of E. coli. “Figure-B”
demonstrated 24hrs incubated streak plates prepared for pure colony isolation. “Figure-C”
demonstrated the triplicated 50ml centrifuge tubes containing 20 ml nutrient broth and single E.
coli colony prior to incubation. “Figure-D” represented bacterial broth standardisation at 0.1

McFarland standard using UV-1800 Spectrophotometer (SHIMADZU UV-1800).

“Figure-E”

represented 10-fold serial dilution of E. coli from 1 to 1:1078 folds. Figure-F: represented
triplicates of spread plated petri-plates each containing dilutions from 1 to 1:1078 fold dilutions.
“Figure-G” illustrated overnight incubation of spread plates at 37 degrees Celsius. “Figure-H”
depicted a picture for manual colony counting for 30-300 isolated E. coli colony. “Figure 1”
represented finalization and use of optimized bacterial culture in MIC Test.
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Figure 2: E. coli culture standardization for MIC test.

Clinical isolates d&. col(ATCC 15597, 19/8/21 EK) pure culture, preservei(d wasfavoured

It was a commerciaktrain sourced from bacteriophage dE.coli K12 and considered as an
indicator strain for disinfectioest (Quek and Hu 2008\ sterile loop was used to extract cryo
preservedE. colifrom microcentrifuge tube and spread plating was performed on the gdttes

of nutrient agar. Initially, 15 plates were streak plated and incubated at & ernightto isolate

pure E. colicolony in a Quadrant structure. Fresh sterilized nutrient broth was used to grow single
colony ofE. colifrom spread plate to incubate it for 328 hours period in a shaking incubator
(NewBrunswickM Innova®44)at 373 at 100rpm. Triplicates of test tube each containing 20ml of
nutrient broth were incubated in a shaking incubatdacterial broth was taken out from
incubator and centrifuged at 3000rpm faO min at 203 in a centrifuge machinéQuek and Hu
2008) After centrifugation step, the supernatant in a tube was removed using a pipette gently
without disturbing the pellet situated at the bottom of tub&terile PBS (Phosphate Saline Buffer)

was used for dilution of the bacterial culture acrossfal@ dilution.

Using the spectrophotometer, the bacterial solution was standardized laM@Farland standard

at 600nm. The initial pellet in a tube was diluted until the spectrophotometric readas0.1. In

case of higher dilution (i.e. spectrophotometric reading less than 0.1 OD) the diluent was
centrifuged, and the process was repeated. Thedl@ serial dilution for bacterial broth (0.1 OD)
was done simultaneously. 1ml from the standard tukas transferred to the next test tube (107

1) with 9ml of PBS and the solution was mixed using pipette gently and the proassspeated

until the last test tube (i.e. 1078). The bacterial dilutimmbsequentlyfollows the order as 1, 1:10,

1:10"2, 1:10"3, 1:10"4, 1:10"5, 1:10"6, 1:10"7 to 1:10"8.

The serially diluted bacteria were spread plated in three plates for each dilution. The visible

colony forE. coliranging from 36300 colonie&l00>l were obtained after series of dilution at
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1:10"5 range containing smooth white, round and raised isolated coloMeseover, for 1:10"4
dilution more than thousand colonies were obtained which were too many to count and for

1:1076 dilution less than 30 colonies were observed from the triplicated petri plates.

3.6 Minimum Inhibitory Goncentration (MIC)assayand growth curve

All the MIC plating procedure for designated chemical and extract treatments, broth and bacterial
inoculation was performed inside PC2 lab in sterile environment. The freshly optimized volume of
5>| E. coliculture in Phosphate Saline Buffer (PBS9.8t1073 cfu E. coliml comprising 36300

colony forming units was preferred for MIC test. The bacterial count was assessed for single

dilution using the formula by (Hamilton & Parker, 2010).

Each disinfectant for the test were sublimated wfiod microdilution from its pure form (100%) to
zero to observe the lowest inhibitory concentration. An experimental design for 96 well plate
invitro assay of minimum inhibitory concentration for 4 treatments Rineo-Cleen® Bleach,
Oreganooil andOregancextract has been laid out in Appendix 2 and Appendix 3 respectively. The
MIC assay was done for bacterial growth assessment using absorbased microplate reader
(SPECTROstar® Nano) at OD 600nm for approximately 24 Weur&So4 was used as the
negative controlkestimating it as the lowest threshold of Qihere all the bacterial cells didOgm

of anhydrousZnSo4was dissolvedin 100ml of sterile water and a stock solution was prepared
Microcalorimetric evaluation for Zinc sulphate at 2501 (approximately: 40 mgpnl) exhibited the

significantbactericidal effect oiPseudomonaaeruginosaAveledo et al. 2018)

Growth curve analysissing a microplate reader wallowed because itallows quantitative
analysis ofnteractive effectbetweendisinfectant andoacteriaover aperiod. Microplatereaders
are assessed fotheir high throughput and precisealculation throughabsorbancebasedtest

(Krishnamurthi et al. 2021)
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3.7 Statistical data analysis

All theMICtestsfor disinfectantsvere repeated for threetime and each containing not less than
two replicates.The mean value and standard deviation error bars weatulated,and graphs
designed in MS Excel. version 2403(build 17425.20 &/ batistical software IBM SPS&tistic®
(Statistical Package for Social Sciepaekagev. 29.0.1.0(171)Chicago, lllinois, US#as used for
the statistical analysiddata used for the statistical analysis were thaseamined throughthe
validation control testsValidation control was performed using reliability analygsisSPSSThe
assumption of data normality was carried out using the Shapitk test. Similarly, Kruskal
Walli@ testwas performed for testing significan differences between the disinfectant products

consideringsignifi@ant levelh 0f 5%.
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CHAPTER RESULTS

4.1 Growth curve

OD (600nm)

Figure3: E. coliATCC ®1559fowth curve based on absorbance readings for 24 houbata

expressed irsD + Mean .

The assessment of lag, log(exponential) and stationary phade foligrowth in 96 well plate for
24 hours periochassessed theurbidness in OBy values. The log phase ranged from 6 hourd2o
hours periodwith a significant differencen ODso0 readingsfor every houras shown in Figure 3.
Betweenl2 hoursto 23.5 hours the bacterial gravth rate was slow ando significantincrement

in absorbance were depictethereby a stationary phasecould be observedThis growth pattern
developed in a supplemented nutrient broth was optimizedpasitive control for comparison
with all the seleced disinfectant for 24 hoursData was expressed as means of replicates and

error barsdevelopedfrom standard deviation of OD forery 30 minutes

4.2 Oreganoethanol extract mediatecE. coligrowth inhibition.

5>| bacterial suspension d&. coliATCG@L55914900 cfu/ml), nutrientoroth(190>1) and Oregano
EthanolExtract(5 >l) across Zold dilution from 100% to 0% (positive control) were incubated for

24 hours period at 33 in a microdilution assayAbsorbance valubased onUV/vis spectrum
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were calculatedat 600nmat every 30minutes intervaand protocoladjustedfor 100rpm shaking
in double orbital movement between every cyclefpon assessment @verage OEyo reading for
bacterial growth acros®©EEtreatment, the highest bacterial inhibition was observéal 0.8%
concentrationthroughout the 21 hoursinterval as shown in figure .4A statidically significant
difference was observedat 100% conentration for mean absorbancereadingin contrastto
positive control until 16 hours of incubatioras shown in figure.4The bactericidal effectiveness at
this point wassimilar withthe 4% Zinsulphate (negative control)The error graphslerived from
standard deviation value®r 0.8%0OEEand negative control align in similar fashi@presntingit
as the minimum inhibitory concentratiofor our indicator ATCC15597 strain. Deviationsin
absorbancevaluewashigher in OEEherefore, no significantdifferences in bacterial Qb were

noticed between 0.8%OEE aather OEEconcentrationsas shown in figurd.

1.2
100 %OEE vs Positive vs Negative control
1
0.8 B
80.6
w
[
O o4
0.2 -
0
o5 gfﬁ%%%%ﬁ%%éfﬁ%%%éﬁ%%éfﬁﬁ
Time(hour)
| ==—=100%OEE  =——50%OEE T 725% OEE T
| e 12.5%0EE = 6.3% OEE e 3.2%0EE i
| e 1.6%OEE — (). 8%O0EE — (). 4%O0EE i
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L

Figure 4: Growth curve analysis for 100% OEE based on optical density for 24 hours. Data expressed

in SD + Mean.

4.2 Oreganoessentialoil antibacterial activity assessment.
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Figure6: Comparative analysis of 25% OEO, 0.2% OEO and Positive cdddtal expressed i1sD

+ Mean .

5>| bacterial suspension of (4900 cfu/mfutrient broth(190>) and Oreganoessential oil (5°l)

across Zold dilution from 100% (active ingredien€arvacrol89.08%) to 0% (positive control)
were incubated for 24 hours period at 37 in a microdilution assayAbsorbance values were
assessed at 600nm at every 30minutes interval and protocol was adjusted for 100rpm shaking in
double orbital movement between every cycl€xreganoessential oil (OEO) at 25€6ncentration
represented dowest meanabsorbance exhibiting the minimum bacterial growth across each 30
minutes interval. Thdrighestmeanabsorbancewas observed for 0.2%0EOQO but still a significant
bacterial control was observed across stationary phase than positive control. The highest
inhibitory concentrationof 25% OEQevealed an outstanding biocidal effesimilarasnegative
control throughout incubation periodas shown in figure 5Therefore the minimum inhibitory

concentration for Oregno essential oil waiss 25% dilution.
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4.3 Effect of bleach on the bacterigkowth.
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Figure 7:Disinfection status of bleach at different concentration accessed in optical density growth

curve within 24 hours. Data expressed in SD + Mean. Error bars given for positive control and

negative control.

5>| bacterial suspension4000 cfu/ml), nutrient broth(190>) and bleach(5 >I) across 2fold
dilution from 100% (Sodium hypochlorite 42gm/L with available chlorine of 4% w/v and sodium
hydroxide 9gm/L) to 0% (positive controljere incubated for 24 hours period at 373 .
Absorbance values were assessed at 600nm at every 30minutes intervapratwtol was
adjusted for 100rpm shaking in double orbital moveméetween every cyclesThe solid lines
represented the significant effecf bleach across 100%, 50% and 25% dilutions. Upon assessment
of absorbance forthese three respectiveconcentrationsusing a standard deviation error bars
against the growth control, highly significant difference for average.2lues vere observedas
shown in Figurés. The mean value for these threeilditions exhibited similarity with negative
control depicted by error barsThemicroplate (SPECTROstar® Naregding at 600nm for all of
GKNBS RAf dzil A 2 ya thraighdutl2dINGuistheréford, $he &inimuménhibitory

concentrationdor bleachwasfound to be at25% diluion level

26



44. Pineo-Cleen@ssociated inhibitory effect.

A 5| bacterial suspension (4900 cfu/ml), nutrient broth(290andPineo-Cleen®&5 >l) across 2
fold dilution from 100%%.6%w/w Benzalkoniunthlorideactive ingredient in 1.5t 0% (positive
control) were incubated for 24 hours period at 37in a96 well plate Absorbance values were
determined bymicroplate reader (SPECTROstar® Nah6POnm at every 30minutes interval and
protocol was adjusted for 100rpm shaking in double orbital movement between every cycles.
Mean data for absorbance exhibitethe lowest E. coli ATCC ®15590D at 3.2% POC
concentration.The highestmean bacterialabsorbancewas obtained forl00% POC followed by
50% PO@r 24 hoursas shown in the figure with dot lineShe average absorbance reading ddir
POC treatment rangefrom 0 to approximately0.2 OD.Error barsfor 25% PO@xpress the
similarity inbacterial ODof 25%P0C12.5% PO@.3%P0OC 3.2%P0OCand 1.6% PO spectively
with the negative controlfor 24 hours observation Therefore the minimum irhibitory
concentration for POC wats 1.6% dilutionOptical densityfor 100% and 8% POGreatment did
not follow the similartrend of bacterial growthfor lag phase and log phase seenfor positive

control.

Absorbance at 600nm
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Figure 8:Optical density graph for growth curve analysis of Pine-0-Cleen® disinfected E. coli ATTC®
15597 well plates. Data expressed in SD + Mean. Error bars for positive control, 25% and negative

control.
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4.5Data Analysis

/I N2y ol OK Q &aluk df QIK F fodisiBféciantconcentration, time and optical density upon
reliability analysis was obtaineéfrom Shapirewilk test, the significance levelgalue) of all four
disinfectants was less than expected p value (p<0.05) indicating thatltberbance data did not
follow a normal distributionas shown in Table. ITherefore, to prevent the inaccuracy from
parametric test, a no#parametric method for statistical analysis using Kruskal f tedt was

performed.

Table 1. ShapireWilk Test for assessment of normality for Bleac®reganoEthanol Extract

(OEE)QOreganoEssential Oi{OEO) andPine-0-Cleen®&POC) at gralue(<0.05).

OD| DISINFECTANT | Statistic Df Sig.
Bleach 0.730 4320 <0.01
OEE 0.848 3360 <0.01
OEO 0.713 3360 <0.01
POC 0.769 4320 <0.01

a.Lilliefors Significance correction.
The independent sample test Krusk&hlliQ test for disinfectants expressed astatic value of
498.177 at p<0.01(df=3, N=15360) referring to a statisticsilipificant differences in the OD

distribution among disinfectant groups.
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Table2: Pairwise Comparisonf disinfectantbased onODspo at significance level(p<0.05)

Sample 1 Sample| Test Std. Error Std. Test Sig Ad).Sig?
2 Statistic Statistic

OEGQGBIleach 445.407 100.578 4.428 <0.001 0.000
OEGPOC -675.409 | 100578 -6.715 <0.001 0.000
OEGOEE 2218.841 | 106.679 20.799 <0.001 0.000
BleachPOC -230.002 | 94.082 -2.445 0.014 0.087
BleachOEE -1773.434 | 100.578 -17.632 <0.001 0.000
POGOEE 1543.432 | 100.578 15.346 <0.001 0.000

a.Bonferroni correction.

The aim of the KruskdWalli@ test was to compare the statistically significant differences in the
distributions of OD values between multiple groupsdidinfectants used. A postoc pairwise
comparison using Kruskalli@ test depicts that at p<0.05 significance level, distribution of
absorbance (O30 between all the disinfectanta/as statistically significant except for bleach
POC. An adjustedymlue (p=0.087) for a test statistic «<#30.002 between Bleach and P@@s
higher than the expected (p<0.05), therefore the null hypothakest both disinfectants have

similar antimicrobial effecivas accepted
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CHAPTER DISCUSSION

5.1. Growthcontrol response in MIC test.

MICtest has been considered as effective tool to address antimicrobial resistanmvitro assay

of new bactericidal compoundand very oftenused as gold standard in susceptibility testing
(Andrews 2001)E. colIATT@L5597 strainhas been selected before for adiacterial response at
varying temperature and their effect was studied for different chemical disinfectant on the surface
of strawberry fruits(Yu et al. 2001) The nonpathogenic strainwas found to be nutrient
responsive and significant reduction lracterial volumewas realized while comparing between
the surface inoculation and inoculum injected conditionstrawberry fruit An excess supply of
nutrient through broth prior to incubation of bacterian MIC test reduced the chances of outliers
from bacterial deathin nutrient deficit conditionsMoreover,ODsooreadingisalsocorrelated with

the average cell mass present in the growth media and depend on the media composition itself for
microbialgrowth responsdgSchaechter et al. 1958)n the Luria broth the estimated absorbance
at 600nm for the end of steadstate growth was observed to &6 tol ODfor E. coli(Sezonov et

al. 2007) Thisabsorbanceaeading was approximatelgqual tothe initiation of stationary phase
observed for nutrient brothcultured E. coliIATTC®155%trainin our casefor positive control as
shown in figure 3The lag phasebservedfor E. coliwas approximately 6 hours whickvas
consideredas normal incubation time for bacterial celkinetic growth This period had been
effective to ensure disinfection andterilization in a surgical spacerior to robust growth

afterwards(Percin et al. 2015)

5.2.Oreganoethanol extractsand Oregano essential oiklated bacterial response.

Biocidal activity found against the tested strain from use of ethanolic extrattoreganoshow

efficacy atdifferent concentration with an approximate @9 of 0.2inhibiting logarithmic growth
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compared to positive controlEventhough the complete stagnation fromdead cellswere not
depicted at anylevel of dilutions for24 hours, still bacterial arrest wagisibleuntil 14 hoursfor
most of thelaboratory preparedOEEas shown imPAppendix 4Oregano extractat 100%and 50%
concentration were found effective for Klebsiella pneumomiad 100%, 50%, 25% and 13%
concentratiors were effective for Staphylococcus aureuns18-24 hourstube dilution test. The
actual concentration of bioactivef Oregano extracteas not been discussed this papefAmri et

al. 2023)

Similarly, bacteriostatic role of @gano essential oWas scrutinized forits 25% attenuations
resulting alongterm suppressionin 24 hourssurveillance Our findings were similar wit©EO
effectivenessagainst Staphylococcus aureus akkkbsiella pneumonia where hibition was
obtained from 100% to 0.25 dilutions in DM&®nri et al. 2023) Carvacrohcts by compromising
cell membranesausing a leakage of cytoplasmic flind. coli Pratein concentrationfrom 400 to
480> 3 kwagdetectedto becontinuously dispersettom the ruptured celldy Bradford method
and membrane lysis was confirmég proteinmolecularprofile analysis in SBFAGE(Khan et al.
2017) Thisactivity of cell membrane disruptioby non-polar monoterpenes ofCarvacrolwas also
reported in antibacterial test for Carvacrolcombired with erythromycin againsterythromycin
resistant GroupA Streptococ€GAS]Magi et al. 2015) Carvacrol (450 > 3 K) ¥exhibited a
complete death of 1077 cfu/mE. coliwithin two hours of incubationn a time kill assaynd
createdhigheroxidative stress acrods. colibacterial cellsvhich wasexaminedthroughH2DCFDA
[5(6) -CarboxyH -Blighlorofluorescein diacetate] and rhodamine 123 fluorescent stairdng

microscopy(Khan et al. 2017)

5.3. Pine-o-Cleen®esponsive effecbn E. colIATCC®15597

Four proportions of POGit 25%, 12.5%, 8% and 3% exhibited optimal lethality towards the
indicator ATCC15597 strain Lag phase imny bacteria is a preparative period and there is no
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significant increment in bacterial cetlserefore, hgher OD for 100%POC and 50%[@0<&rvedn

dotted linesduring1 to 8 hous period in figure8 isuncommon. The higher initial OD might be
influenced by inoculum size or bacterial clumps during bacterial inoculategmfor microdilution
(Bertrand, 2019). ptical densityfor BAC inhibited bacteria consequently decreased in 0.2% POC,
0.8%POC, and 0.4%POC after 10 hours of incubation which is unusual response for de@ad cells
turbidimetric test BAC is a broaspectrum disinfectanttiat killsfood borne pathogens including
gram negative and graipositive bacteria, fungus, virus, and their spores. Its amphiphilic
surfactantsallow easy interaction of cationic charges with lipid and wéi&ections ofbacterial cell
membrane thereby induced lysis and leakage of cytoplasmic corffeadiara and Ekhtelat 2012)

The sudden rise in OD at 0.2%, 0.8% and 0.4%POC during active growth period might be influenced
by the cytolysis and leakage from bacterial cells into the broth. The permanent loss of cell
membrane integrity inEscherichia colstrains C9490, H1071, and NCTC 8@@ss also higher
during exponential growth phase upon osmosiad pressuretreatment whereas cells at

stationary phase were more resistant to same pressure lefRdgan and Mackey 2000)

5.4. Bleachresponsive effect orE. cOlIATCC®155%train.

Bleach containin@.5 to 2mg/L free Chlorineresidueis commonly usedlisinfectantfor water
treatment andgramnegativeLegionellagrowth controlin water distribution systen®.2mg/mlor
belowthis concentration recolonization of bacteriavas expected to occur in the watacross the
sink (Queensland Health, 2017Attenuations at 6.5%evel (equivalent to 025 mg/ml free
chlorine) and belowfor our treatment also bleachdid not show significant reduction igram
negativeE. coli ATCC®155%train. Sincebelonging tosameproteobacteria in gamma taxonomic
group, the cellmembranelipidsfor Legionellavere characterized by the presence gfiosphatidy
glycerol, cardiolipin, phosphatidylethanolamineand monomethyl phosphatidylethanolamine

whereas similar lipid profile were found forE. colispeciescomprising phosphatidyl glycerol,
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cardiolipin andphosphatidylethanolamingSohlenkamp and Geiger 2016)Bleach might have
similarinhibitory effect for both bacteriaat this concentratiorbecause of same membrane lipid
compositiors. Hypochlorite ions at neutral ph (7) was observednullifying the bacterial cells
through disruption @ cellular membranen E.coliascribed bye GFREnhanced Green Fluorescent
Protein) detectiontest for leaked protein(Mizozoe et al. 2019Higher efficiency obleach from
oreganooil and extractsnight beinfluencedby the complementary factors like sodium hydroxide
Corrosive effectof NaOHon the membrane layeby reverse osmosis and deionization at 0.4%
concentration on bacillus ATCC9372 strain cells had also been found (Mazzola et al. 2006)
Moreover, NaOHis alkaline in nature thus, it increastee ph value of the solutio@and helps in

liberation of hypochlorite ionrom sodium hypochlorite into the solutior{Mizozoe et al. 2019)

5.5. Interpretation of results fromdata analysis

¢ KS / NPy o Ineds@e indicatetlJalue of 0.017 is less than the acceptable value for
research purpose (0.7 to 0.8). The consistency of data for our research did not meet the
acceptable threshold for performing the parametric tesintimicrobial testing for plant derived
polyphenols has always been limiting because of the inherent complex compound structure in
them which are prone to be inconsistent witusceptibilitytest (Bubonja~ 2y 2S S {Thé f ® H
KruskalWallis testfor 4 disinfectants exhibit a statistical difference in OD between th&he
statistical difference is examined based wariation of OD data from central tendency, so the
variation could be from any of the groups of concentrations among disinfectantsur test, the

level of bacterial inoculumused was 9.810"3 colony/ml for each MIC well platesthat
corresponds to 4&olony/5>1. This bacteriavolumewas incubated into 196l of nutrient broth
therefore the cells count at the initial periodnight not reach the thresholdequired for

susceptibility analysisTheinconsistencyin OD reading may be influenced by the inoculum size
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with lower cell counts than 5*10"5 cfu/ml rendering the false susceptibility values in microdilution

test(Bubonja~2y2S S Ff ® HnanHAO

5.6. Relevance ofesearch forgeneral purpose.

Bleach i costeffectivecommercialdisinfectant for cleaning household spat®spital areaand
food supply chains0.1%sodium hypochlorite solutiorhad been proposed for hospital grade
disinfectantaccording to thestandard disinfection procedur€Australian Nursing and Midwifery
Federation, 202 Our findingswere relevant forsterilizingwater-solubleE. colistrainsusing the
lowest concentration of bleagMazzola et al. 2006 0reganoessential oilefficacy estimation
from our research could be used with moddtion with surfactants and complementary
antibacterial agentso boost their efficacyBut the ethanol extracts frorprepared need further

analytical testing to use for general purpose.

5.7. Limitations of study

Extraction:Rotary evaporation could not confirm if the ethanol in the final extract is fully dried off
and free from ethanol. The antibacterial assessment using concentf@tedganoethanol extracts
may also require 70% ethanol as a control to further check if bacterial inhibition is from the
extracts or the ethanol itselfThe concentration step of extracts at higher temperature was
feasible because of high boiling point of Carvacfalagawany et al. 2015put it might

compromisedan underlying phenolic compourshnd antioxidants thatvas lost by heating.

MIC test: Age of bacterial broth in serial dilution highly effect the bacterial growth in MIC assay
outliers may prevail from presence of higher number of dead cBlsceptibility asessmenby

spectrophotometric analysis cannot fully explain the cause of antibacterial activity of plant derived
ethanolextracts thus other confirmatory assay is important to relate its efficacy from antioxidant

present in sampleMoreover, microdilution of Oregano essential oil with sterile water did not
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allow proper mixing of hydrophobic oil components thus, it severely hindered the feasible contact

of Carvacrol to bacterial cell membrane.

5.8. Conclusion and Future directions

Turbidimetric methodsthe simplestway to evaluate the bacterial growth trerity assessment of
their standard growth curvem antibacterial susceptibility testing for disinfectant€he research
findings from data analysis and interpretation shaareasonable biocidal role of the Oregaand
chlorinebased disinfectantOur analysis could onlgonfirmthe presence of antibacterialature
in laboratory formulated product which activity level was different from the chemical
disinfectants. Microdilution assay for confirmation of thabsorbance activityfails to provide
consistent datdor the tested productsThe experiment demands for more than 3 MIC tesith 3
replicatesfor each disinfectanto limit the inconsistencyn data In conclusionQregano essential
oil and ethanolextract both were found to be promising solutiofier their useas anactive

ingredientin development of novel bactericide.

This researchwill guidefor the assessmenof antimicrobial compounds fresh Australia grown
oreganoproducts This research will provide insights to prepare the ethanol extracts ahows
wise selection of diluenand proper spectrophotometric evaluatidior disinfectants in days to

come
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APPENDIX 2MIC PLATE LAYOUT FOR 96 WELL PLATE FOR BLEATGNEGQRDEAN

DISINFECTANTS TESTING.
Concentrat | 1 2 3 4 5 6 7 8 9 10 11 12
ion 100% 50% 25% 12.5% 6.3% 3.2% 1.6% 0.8% 0.4% 0.2% 0% Negative Control
Positive (4%  ZnSo4
Name control Bacteria+broth)
(bacteria+
water+broth)
A BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=1| Broth=190uL Broth=190pL
Bleach opL opL OopL opL opL OopL opL opL OopL 90pL +E. +E.
Bleach =5p | Bleach =5u | Bleach =5u| Bleach =5u | Bleach =5u | Bleach =5u| Bleach =5pu| Bleach =5p| Bleach =5u | Bleach coli=5pL+wate | coli=5pL#ZnSo45
L L L L L L L L L =5u L =5 L uL
E. coli=5puL | E. coli=5pL | E. coli=5pL | E. coli=5uL | E. coli=5pL | E. coli=5pL | E. coli=5uL | E. coli=5uL | E. coli=5uL | E. coli
=5uL
B BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=1| Broth =190uL Broth=190uL
Bleach opL opL opL opL opL OopL opL opL OopL 90pL +E. +E.
Bleach =5p | Bleach =5p| Bleach =5u| Bleach =5u| Bleach =5u| Bleach =5u| Bleach =5u | Bleach =5u| Bleach =5u | Bleach coli=5pL+wate | coli=5uLZnSo45
L L L L L L L L L =5u L =5 L uL
E.coli=5uL | E. coli=5pL | E. coli=5pL | E. coli=5puL | E. coli=5puL | E. coli=5uL | E. coli=5uL | E. coli=5puL | E. coli=5pL | E. coli
=5uL
[ BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=1| Broth =190uL Broth=190pL
Bleach opL ouL opL opL ouL opL opL OouL opL 90uL +E. +E.
Bleach =5p | Bleach =5pu| Bleach =5p | Bleach =5u| Bleach =5u| Bleach =5u| Bleach =5u | Bleach =5u| Bleach =5u | Bleach coli=5pL+wate | coli=5uLZnSo45
L L L L L L L L L =5p L r=5 L uL
E. coli=5uL | E. coli=5pL | E. coli=5pL | E. coli=5puL | E. coli=5pL | E. coli=5uL | E. coli=5puL | E. coli=5puL | E. coli=5pL | E. coli
=5uL
D BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=1| Broth =190uL Broth=190uL
Pine-o- opL ouL opL opL ouL opL opL OopL opL 90uL +E. +E.
Cleen® POC =5p L | POC=5puL | POC=5uL | POC=5puL | POC=5pL | POC=5uL | POC=5uL | POC=5uL | POC=5uL | POC =5u| coli=5uL+wate | coli=5uLZnSo45
E. colE5uL E. colF5pL E. colE5uL E. colE5uL E. colF5pL E. colE5uL E. colE5uL E. colF5pL E. colE5uL L r=5pL uL
E.
coli=5puL
E BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=1| Broth =190uL Broth=190pL
Pineo- opL ouL oupL opL ouL opL opL ouL opL 90uL +E. +E.
Cleen® POC =5uL | POC=5uL | POC=5uL | POC=5uL | POC=5pL | POC=5puL | POC=5uL | POC=5uL | POC=5uL | POC =5u| coli=5uL+wate | coli=5uLZnSo45
E. colE5pL E. colF5pL E. colE5puL E. colE5pL E. colF5puL E. colE5puL E. colE5pL E. colF5pL E. colE5puL L r=5 pL uL
E.
coli=5pL
F BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=19| BROTH=1| Broth =190uL Broth=190uL
Pineo- opL OouL ouL OopL OouL ouL OopL OouL ouL 90uL +E. +E.
Cleen® POC=5pL | POC=5uL | POC=5uL | POC=5uL | POC=5puL | POC=5uL | POC=5uL | POC=5uL | POC=5uL [ POC =5u| coli=5uL+wate | coli=5uLZnSo45
E. colE5pL E. colF5pL E. colE5puL E. colE5pL E. colF5pL E. colE5puL E. colE5pL E. colF5pL E. colF5puL L r=5 pL pL
E.
coli=5pL
G.Blank Broth=190 Broth=190 Broth=190 Broth=190 Broth=190 Broth=190 Broth=190 Broth=190 Broth=190 Broth=19
(Bleach) uL pL uL uL pL uL uL uL uL 0 pL
Bleach=5 Bleach=5 Bleach=5 Bleach=5 Bleach=5 Bleach=5 Bleach=5 Bleach=5 Bleach=5 Bleach=5
pL pL puL pL pL puL pL pL puL pL
PBS=5 pL PBS=5pL | PBS=5puL PBS=5pL | PBS=5pL PBS=5pL | PBS=5puL | PBS=5pL | PBS=5puL | PBS=5 pL|
H.Blank Broth=190 Broth=190 Broth=190 Broth=190 Broth=190 Broth=190 Broth=190 Broth=190 Broth=190 Broth=19
(Pineo- uL uL pL uL uL uL uL uL uL 0opL
Cleen® POC=5uL | POC=5uL | POC=5puL | POC=5uL | POC=5puL | POC=5puL | POC=5uL | POC=5uL | POC=5puL | POC=5 uL
PBS=5uL | PBS=5puL | PBS=5puL | PBS=5uL | PBS=5uL | PBS=5puL | PBS=5uL | PBS=5uL | PBS=5uL | PBS=5pL

43




APPENDIX MIC PLATE LAYOUT FOR 96 WELL PLAOREGRNE@&THANOL EXTRACT AND
OREGANESSENTIAML TESTING.

Concentrati | 1 2 3 4 5 6 7 8 9 10 11 12
on 100% 50% 25% 12.5% 6.3% 3.2% 1.6% 0.8% 0.4% 0.2% 0% Negative
Positive Control
control (4%
(bacteria ZnSo4 +
Name +water+ Bacteria+
broth) broth)
A BROTH=19 | BROTH=19 | BROTH=19 | BROTH=19 | BROTH=19 BROTH=19| BROTH=19 | BROTH=19 | BROTH=19 | BROTH=19 | Broth=190 Broth=19
Oregano opL ouL opL opL opL opL ouL opL opL opL pL opL
ethanol OEE =5 L | OEE=5puL | OEE=5uL | OEE =5pL | OEE=5uL | OEE =5uL | OEE=5uL | OEE=5uL | OEE=5uL | OEE =5p L | +E. +E.
extract E. coli=5pL | E.coli=5uL | E.coli=5uL | E.coli=5pL | E.coli=5uL | E.coli=5uL | E. coli=5uL | E.coli=5pL | E.coli=5uL | E.coli=5uL | coli=5ul+w | coli=5uL+
(OEE) ater=5 pL ZnSo45
pL
B BROTH=19 | BROTH=19 [ BROTH=19 | BROTH=19 | BROTH=19| BROTH=19| BROTH=19 | BROTH=19 | BROTH=19 | BROTH=19 | Broth Broth=19
Oregano opL OopL ouL ouL opL opL OopL ouL ouL opL =190pL opL
ethanol OEE =5p L OEE=5pL | OEE=5pL | OEE=5puL [ OEE =5p L OEE=5puL | OEE=5puL | OEE=5pL | OEE=5uL | OEE =5uL +E. +E.
extract E. coli=5pL | E.coli=5puL | E.coli=5pL | E. coli=5pL | E.coli=5uL | E.coli=5uL | E.coli=5uL | E.coli=5pL | E. coli=5pL | E.coli=5uL | coli=5uL+w | coli=5pL+
(OEE) ater=5 pL ZnSo45
pL
(03 BROTH=19 | BROTH=19 | BROTH=19 | BROTH=19 | BROTH=19| BROTH=19| BROTH=19 | BROTH=19 | BROTH=19 | BROTH=19 | Broth Broth=19
Oregano opL ouL opL opL opL opL ouL oupL opL opL =190uL opL
ethanol OEE =5u L | OEE=5uL | OEE=5uL | OEE =5pL | OEE=5uL | OEE =5uL | OEE =5uL | OEE=5uL | OEE =5uL | OEE =5uL | +E. +E.
extract E. coli=5pL | E. coli=5pL | E.coli=5uL | E.coli=5pL | E. coli=5puL | E. coli=5pL | E. coli=5pL | E. coli=5uL | E. coli=5pL | E. colE5uL coli=5uL+w | coli=5uL+
(OEE) ater=5 pL ZnSo45
pL
D BROTH=19 | BROTH=19 [ BROTH=19 | BROTH=19 | BROTH=19| BROTH=19| BROTH=19 | BROTH=19 | BROTH=19 | BROTH=19 | Broth Broth=19
Oregano opL ouL ouL ouL opL opL ouL ouL ouL opL =190pL ouL
essential OEO =5pL | OEO=5uL | OEO=5uL | OEO=5pL | OEO=5uL| OEO=5uL| OEO=5puL | OEO=5pL | OEO=5uL | OEO=5uL | +E +E.

oil (OEO) E. colE5uL E. colE5pL E. colE5pL E. colE5uL E. colE5uL E. colE5uL E. colE5pL E. colE5uL E. colE5uL E. colE5uL col}:5pL+w coli=5pL+
ater=5 pL ZnSo45

pL
E BROTH=19 | BROTH=19 | BROTH=19 | BROTH=19 | BROTH=19| BROTH=19| BROTH=19 | BROTH=19 | BROTH=19 | BROTH=19 | Broth Broth=19
Oregano opL ouL opL opL opL opL ouL opL opL opL =190uL opL
essential OEO =5p L | OEO=5uL | OEO=5uL | OEO=5uL | OEO=5uL | OEO=5uL| OEO=5uL | OEO=5uL | OEO=5uL | OEO=5uL | +E. +E.

oil (OEO) E. colE5uL E. colE5pL E. colE5uL E. colE5uL E. colE5uL E. col5pL E. colE5puL E. colE5puL E. colE5uL E. colE5pL coli=5uL+w | coli=5uL+
ater=5 pL ZnSo45

pL
F BROTH=19 | BROTH=19 | BROTH=19 | BROTH=19 | BROTH=19| BROTH=19| BROTH=19 | BROTH=19 | BROTH=19 | BROTH=19 | Broth Broth=19
Oregano OopL OouL OouL opL OopL OopL OouL ouL ouL opL =190pL opL
essential OEO =5pL | OEO=5uL | OEO=5uL | OEO=5pL | OEO=5uL| OEO=5pL | OEO=5puL | OEO=5uL | OEO=5uL | OEO=5uL | +E. +E.

oil (OEO) E. colE5uL E. colE5pL E. colE5uL E. colE5uL E. colE5uL E. colE5uL E. colE5uL E. colE5pL E. colF5uL E. colE5uL coli=bpL+w | coli=5uL+
ater=5 pL ZnSo45

pL
G. Broth=190 BROTH=19 | BROTH=19 | BROTH=19 | Broth=190 BROTH=19| BROTH=19 | BROTH=19 | Broth=190 BROTH=19
Blank uL OopL OopL OopL uL opL OopL OopL uL opL
(Oregano OEO=5uL | OEO=5uL | OEO=5uL | OEO=5uL | OEO=5uL | OEO=5pL | OEO=5uL | OEO=5uL | OEO=5puL | OEO =5u L
Essential PBS=5puL | PBS=5uL PBS=5pL PBS=5pL PBS=5puL | PBS=5uL PBS=5uL PBS=5uL PBS=5puL | PBS=5uL
Oil)

Broth=190 Broth=190 Broth=190 Broth=190 Broth=190 Broth=190 Broth=190 Broth=190 Broth=190 Broth=190
pL pL pL puL pL pL pL pL puL pL

OEE=5uL | OEE=5uL | OEE=5uL | OEE=5yuL | OEE=5uL | OEE=5uL | OEE=5uL | OEE=5uL | OEE=5uL | OEE=5uL
PBS=5 pL PBS=5 pL PBS=5 pL PBS=5 pL PBS=5 pL PBS=5 pL PBS=5 pL PBS=5 pL PBS=5 pL PBS=5 pL
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APPENDIM4: OREGANESSENTIAL EXTRMEDIATED BACTERIALCOIMPARISIOANT 100%,

50%,25%,12.5%,6.3%,3.2%,1.6%,00M¢0 0.2% WITH POSITIVE AND NEGATIVE CONTROL.
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