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Abstract: The problem caused by drug resistant pathogenic bacteria has become a common phenomenon from the last
few decades. People infected with many bacteria which was once easily curable by the administration of proper
antibiotics, have become difficult to eradicate due to their acquisition of antibiotic resistant trait. As a result people are
dying from lack of proper medication which will be able to kill such pathogens. In search of such potent therapeutics,
natural resources are targeted and essential oil is such a natural resource which can actively inhibit different pathogenic
bacteria. Current study aimed in to determine the potency of tea tree essential oil, sweet orange essential oil and ylang-
ylang essential oil against antibiotic resistant bacteria. The efficacy of the essential oils was determined against
Staphylococcus aureus, Pseudomonas luteola, Pseudomonas aeruginosa, Klebsiella pneumonia, Bacillus subtilis and
Escherichia coli and was compared by using both micro dilution and agar well diffusion method. The highest average
inhibition rate was found for tea tree essential oil (93.67%) followed by ylang-ylang (81.33%) and sweet orange
essential oil (74.16%) after twenty four hours. Tea tree oil was 100% effective against all bacteria used in this
experiment except Bacillus subtilis (62%). Highest percentage inhibition for ylang-ylang was against Klebsiella
pneumoniae (100%). Sweet orange essential exhibited 100% inhibition for Klebsiella pneumoniae, Pseudomonas
luteola and Escherichia coli. Tea tree oil has the highest ability to inhibit all of the six selected bacteria which are
already resistant to antibiotics. It has been observed that multi drug resistant isolates (Escherichia coli- resistant to 4™
generation cephalosporin) is surprisingly inhibited by all of these essential oils. The antibacterial properties of these oils
can be aimed to produce new therapeutics to combat the resistant bacteria.
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I INTRODUCTION

Essential oils are generally secondary plant metabolites extracted from different parts of a plant like fruit, flowers,
leaves, seeds, barks, stems etc. belonging to the plant families of Aristolochiaceae, Meliaceae, Asteraceae, Rutaceae,
Fabaceae, Lamiaceae, Cupressaceae, Myrtaceae, Lauraceae etc.[1,2]. They can be stored in canals, cavities, secretory
cells or glandular ,trichomes [3]. These oils can serve in medical treatment as antimicrobial, antiviral, anticancer, anti-
inflammatory, antiparasitic, insecticidal, antifungal, as analgesic products and even as food preservatives as well as
active ingredients in cosmetics [4-13]. As many disease causing bacteria have become multiple drug resistant, they are
hardly resistible by using conventional antibiotics and as a result the morbidity and mortality rate is increasing because
of infections which were once easy to treat [14-18]. So seeking for new antimicrobial agents is continuing from natural
sources which can work against a wide range of bacteria including the multi drug resistant species and essential oils
have become a good candidate for such activities [19-24]. Essential oils are comprised of a mixture of low molecular
weight volatile compounds like terpenes, aromatic and aliphatic phenols and aldehydes, alcohol, acyclic esters, acids,
isoprenoids, lactones [25, 26]. Essential oil extracted from sunflower, cinnamon bark, lemongrass, clove, geranium,
lemon, lime, orange and rosemary, camphor, sweet basil, breckland thyme, lavender, oregano, olive, mustard,
eucalyptus oil, neem, anis, cumin, mint have been showed to possess antimicrobial properties in different studies
against many pathogenic bacterial isolates [27].

In present study we selected three essential oils like tea tree oil, sweet orange oil and ylang ylang oil. Tea Tree
(Melaleuca alternifolia) essential oil has been studied against several pathogenic antibiotic resistant bacteria and found
to be effective in inhibiting them quite efficiently [28-30]. Though it is toxic for consumption or injection, it works best
as topical formulations (for acne, dandruff or any other skin infection) to impart its antibacterial activity [31, 32]. Tea
tree oil increases the cellular permeability of liposomal systems encouraging their lysis due to the leakage of ions as
well as inhibition of respiration resulting in the desired death of the bacterium [33]. Similarly sweet orange (Citrus
sinensis) also possess some antimicrobial and antioxidant properties [34-36]. Ylang-ylang (Cananga odorata) exhibits
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antibacterial, antifungal and antiplasmodial activities which showed better inhibitory effect towards Gram-positive
bacteria rather than Gram-negative bacteria [37-39]. Current study was aimed to determine the antibacterial properties
of Tea Tree Oil (Melaleuca alternifolia) (TTO), Sweet Orange Qil (Citrus sinensis) (SOO) and Ylang-ylang (Cananga
odorata) oil against six bacterial isolates (Bacillus subtilis, Escherichia coli, Staphylococucs aureus, Pseudomonas
aeruginosa, pseudomonas luteola, Klebsiella pneumonia) and to compare the antibacterial properties of these three
essential oils.

1. MATERIALS AND METHOD

Study area and sampling

The study included commercially available three essential oil samples- Tea Tree Qil (Melaleuca alternifolia) (TTO),
Sweet Orange Qil (Citrus sinensis) (SO0) and Ylang-ylang (Cananga odorata) oil collected from super shops in Dhaka
metropolis. The study was done during the time span of January, 2019 to March, 2019. Samples were collected
aseptically from commercial sealed bottles and antimicrobial assay was conducted against six different bacterial
isolates.

Test organisms

Six different bacterial isolates were collected from different sources to analyze the antibacterial activity of Tea Tree Qil
(Melaleuca alternifolia) (TTO), Sweet Orange Oil (Citrus sinensis) (SOO) and Ylang-ylang (Cananga odorata) oil.
The bacteria isolates used for this study included Pseudomonas luteola, Pseudomonas aeruginosa, Escherichia coli,
Klebsiella pheumoniae (collected from hospitalizes patients), Bacillus subtilis (collected from soil environmental
sample), Staphylococcus aureus (collected from the collection of clinical freeze dried laboratory isolates). All of these
bacteria were identified following standard biochemical tests.

Antibiotic susceptibility of the tested organisms

To determine the susceptibility of the bacterial isolates towards some commonly prescribed antibiotics was revealed by
agar disc-diffusion method called the Kirby Bauer method. About 25 antibiotics were used including Amikacin (30ug),
Cefepime (30ung), Gentamycin (10ug), Colistin (10ug), Nitrofurantoin (50ug), Cephradine (30ug), Ceftriaxone (30ug),
Rifampin (5pg), Novobiocin (30ug), Nalidixic Acid (30ug), Amoxicillin (30ug), Ampicillin (10pg), Cefepime (30ug),
Cefoperazone,  Tigecycline,  Piperacillin/Tazobactam, Meropenem, Imipenem,  Ciprofloxacin  (5ug),
Trimethoprim/Sulfamethoxazole (25ug), Entrapenem (10ug), Cefpodoxime (30ug), Neomycin (30ug), Erythromycin
(30ug), Tetracycline (30ug). After standardizing with 0.5 McFarland solution suspensions of Klebsiella pheumoniae,
Escherichia coli, Staphylococcus aureus, Pseudomonas luteola, Pseudomonas aeruginosa, Bacillus subtilis were
prepared. Lawn of the bacterial suspension was prepared on Mueller-Hinton agar plates using sterile cotton swab
individually for each bacteria. Antibiotic discs were placed over the surface of the inoculated Mueller-Hinton agar
plates aseptically and incubated for 8 hours at 37°C. After the period of incubation, all the plates were observed for the
presence of the clear zone of inhibition and measured in mm afterwards.

Detection of inhibition percentage

At first one tube containing 5 ml of Brain Heart Infusion broth (BHIB) and one tube containing 4 ml of Brain Heart
Infusion broth (BHIB) were taken with 1 ml of essential oil in the second tube. Bacterial suspension (10 pl) prepared
earlier was inoculated into each tube. After vortex mixing the tubes were incubated for 24 hours at 37 ° C. Inhibition of
bacterial growth was observed at two time intervals- after 6 hours and after 24 hours respectively. After 6 hours,
dilution was prepared by taking 900 pl of normal saline in 5 test tubes for BHIB without oil and 3 test tubes for BHIB
with oil. 100 pl inoculum from normal BHIB was taken for serial dilution in 900 pl normal saline and transferred 100
pl to the rest of the tubes till 5™ tube and discarded 100 pl. By the same way dilution was done by taking 100 pl
inoculum from BHIB with oil and diluted till 3 tube. Then 100 ul sample from each diluted tubes were plated onto
nutrient agar plates. The plates were then incubated for 24 hours at 37 ° C and observed for the difference of bacterial
growth (CFU-Colony Forming Unit) for both incubation with oil and without oil. CFU for with oil and without oil were
then counted and compared to determine the percentage inhibition. Same procedure was applied after 24 hours too. The
whole process was done separately for all the six bacterial isolates as well as all three types of essential oils.

Antibacterial activity of direct extracts by agar well diffusion method

Six bacterial suspensions were prepared after inoculating the isolates into normal saline followed by incubation at 37°C
until matched with the McFarland turbidity standard (10® CFU/ml). On the Muller Hinton agar media bacterial lawn
was prepared using sterile cotton swab separately for each of six bacterial suspensions respectively. Each of the three
essential oil samples were then inoculated (about 100ul) separately in the holes made in MHA afar plates using sterile
cork borer. Plates were incubated for 24 hours at 37° C and then the presence of clear zone around the sample solution
was measured in mm.
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1. RESULTS

To determine the antibiotic susceptibility towards the commonly prescribed antibiotics, Kirby-Bauer antibiotic
susceptibility test was performed. 25 antibiotics from different groups were selected for antibiotic susceptibility test of
the six selected bacterial isolates (Table 2). Each bacterium was biochemically identified (Table 1). For each bacterium
separate antibiotics were used upon the availability of antibiotics during the study. Amikacin, Cefoperazone/Sulbactam,
Imipenem, Piperacillin/Tazobactam, Meropenem antibiotics were tested for four isolates which showed to be effective
against all them. Gentamicin was effective for all of six isolates under investigation. Cefpodoxime, Neomycin,
Tetracycline, Erythromycin were used only for environmental and laboratory isolates Bacillus subtilis and
Staphylococcus aureus which found to be capable of inhibiting growth around the disc showing clear zone. Bacillus
subtilis and Staphylococcus aureus were also susceptible for Cephradine, Ampicillin and Rifampicin,. The pathogenic
isolates Pseudomonas luteola (Colistin), Pseudomonas aeruginosa (Tigecycline), Escherichia coli (Cefepime, Nalidixic
acid, Ceftriaxone, Ciprofloxacine, Cefuroxime), Klebsiella pneumonia (Ampicillin) showed resistance to various
antibiotics. Only Escherichia coli showed higher degrees of resistance against five antibiotics including 3™ and 4"
generation cephalosporins. Total viable bacterial count was determined by incubation the isolates of Pseudomonas
aeruginosa, Pseudomonas luteola, Staphylococcus aureus, Klebsiellla pneumonia, Escherichia coli and Bacillus
subtilis separately in BHIB (Brain Heart Infusion Broth) and BHIB with oils (TTO,SOO, Ylang-ylang oil) separately
(Table 3-Table 8). In all cases, the growth inhibited with the presence of essential oil. Then the percentage inhibition of
the essential oil was determined by using the following equation.

Number of colonies x reciprocal of the dilution factor

CFU=
Volume of plated suspension
Inhibition percentage = 1 — (c:;ljr:::m) X 100

The inhibition percentage was found to be highest with TTO and SOO for all bacteria except Bacillus subtilis after 24
hours (Table 9). Ylang-ylang oil showed the lowest inhibition percentage for Pseudomonas luteola and Bacillus subtilis.
Average percentage inhibition was the calculated and found out (Table 10) to be quite effective for all the essential oils
after 24 hours. This result is easily understandable by the graph of Figure 1. Here it has been seen that TTO showed the
best result in inhibiting bacteria on average than the other two oils. SOO showed the minimum average inhibitory
activity leaving Ylang- ylang oil in between of TTO and SOO. All of these three oils passed the test to impart efficient
activity against bacteria. Table 11 shows the antibacterial activity by Kirby Bauer method and here we found highest 32
mm and minimum 14 mm zone of inhibition. By the Figure 2 graph, it is clear that for all isolates of Escherichia coli,
Pseudomonas aeruginosa, Pseudomonas luteola, Klebsiella pheumoniae, Staphylococcus aureus, Bacillus subtilis, TTO
showed the highest antibacterial activity. It worked the most against Pseudomona luteola and Escherichia coli. SSO
and Ylang-ylang oil showed varying results with minimum activity for Staphylococcus aureus by Ylang-ylang oil.

Table 1. Biochemical identification of bacteria collected from different sources.

Test © E Test §
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Gram negative bacteria Gram positive bacteria
APPA - - - - APPA - -
H,S - - - - H,S - -
BGLU () - - + BGLU - -
ProA + - + + ProA +
SAC - - - + SAC + +
ILATK + + + + ILATK + +
GlyA + - - + NAG +
O129R + ND + + O129R +
ADO - - + NOVO - ND
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BNAG - - - - LAC - -
dMAL - + - + dMAL +
LIP - - - - BGURr -
dTAG - - - - AGLU - -
AGLU - - - - dGAL + ND
OoDC - + - - dRIB - +
GGAA + ND - - PyrA + -
PyrA + - - + dRAF - -
AGLTp - - - (+) dMAN + -
dMAN - + - + dXYL ND -
PLE - - - + dTRE + +
dTRE - + - + dMNE + -
SUCT + + + + TyrA -
LDC - + - + URE - +
IMLTa + ND + + AGAL - -
IARL - - - - BGAL - +
dGLU + + + + dSOR - -
dMNE + + + + PHOS + +
TyrA + - + + BGUR - +
CIT + - + +
NAGA - - - +
IHISa - - + +
ELLM - ND -
dCEL - - - +
GGT + - + +
BXYL - - - +
URE - - - +
MNT + - + +
AGAL - + - +
CMT + + + -
ILATa + ND + +
BGAL - + - +
OFF - + - +
BAlap + -
dSOR - + -
5KG - + - +
PHOS - - - -
BGUR ) - - -

1. ADONITOL=ADO, L-Pyrrolydonyl-ARYLAMIDASE=PyrA, L-ARABITOL=IARL, D-

CELLOBIOSE=dCEL, BETA-GALACTOSIDASE=BGAL, H,S production=H,S, BETA-N-ACETYL-
GLUCOSAMINIDASE=BNAG, Glutamyl Arylamidase pNA=AGLTp, D-GLUCOSE=dGLU, GAMMA-Glutamyl-
TRANSFERASE=GGT, FERMENTATION/GLUCOSE=0FF, BETA-GLUCOSIDASE=BGLU, D-
MALTOSE=dMAL, D-MANNITOL=dMAN, D-MANNOSE_dMNE, BETA-XYLOSIDASE=BXYL, BETA-Alanine
arylamidase pNA=BALap, L-Proline ARYLAMIDASE=ProA, LIPASE=LIP, PALATINOSE=PLE, Tyrosine
ARYLAMIDASE=TyrA, UREASE=URE, D-SORBITOL=dSOR, D-TAGATOSE=dTAG, D-TREHALOSE=dTRE,
CITRATE(SODIUM)=CIT, MALONATE=MNT, 5-KETO-D-GLUCONATE=5KG, L-LACTATE
alkanization=ILATK, ALPHA-GLUCOSIDASE=AGLU, SUCCINATE alkanization=SUCT, Beta-N-ACETYL-
GALACTOSEAMINIDASE=NAGA, ALPHA-GALACTOSIDASE=AGAL, PHOSPHATASE=PHOS, Glycine
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ARYLAMIDASE=GIyA, ORNITHINE DECARBOXYLASE=0ODC, LYSINE DECARBOXYLASE=LDC, L-
HISTIDINE assimilation=IHISa, COUMARATE=CMT, BETA-GLUCORONIDASE=BGUR, 0/129 RESISTANCE
(comp. vibrio.)=0129R, Glu-Gly-Arg-ARYLAMIDASE=GGAA, L-MALATE assimilation=IMLTa, L-LACTATE
assimilation=ILATa, D_XYLOSE=dXYL, BETA GLUCORONIDASE=BGURr, D-GALACTOSE=dGAL,
LACTOSE=LAC, N-ACETYL-D-GLUCOSAMINE=NAG, NOVOBIOCIN RESISTANCE=NOVO, D-
RAFFINOSE=dRAF, D-TREHALOSE=dTRE, D-RIBOSE=dRIB.

Table 2. Antibiotic susceptibility test of the bacterial isolates (according to CLSI guideline).

Antibiotics
[13]
8 0
© = =} ©
kS S | 2 S| g
8 - £ |5 s | £
2 S1= |82 a3
=] o %] [%2) = 5]
8 s| & | 8|8 8|8
Q. = = —
o w | a a |l h | ¥
Nitrofurantoin (100 pg) Macrobid S |- - - |- S
Cefepime (30uQ) Cephalosporins (4™) R |S S |- |- S
Gentamycin (10ug) Aminoglycosides S |s S |Ss|sS |sS
Piperacillin/Tazobactam (100/10pg) | Piperacillin/Blactamase inhibitor | S | S S |- |- S
Cefuroxime (30uQ) Cephalosporins (2™) R |- - - |- S
Cephradine (30ug) Cephalosporins - |- - |s|s |-
Colistin (10ug) Polymixins S |R S |- |- S
Amoxicillin (30ug) Aminobenzyl penicillin S |- - |-1- s
Amikacin (30ug) Aminoglycosides S |S S |[-]S |S
Ampicillin (10ug) Aminobenzyl penicillin - |- - |s|s |R
Meropenem (10ug) Carbapenems S |S S |- |- S
Ertapenem (10uQ) Carbapenems S |- - - |- S
Cefoperazone/Sulbactam (75/30ug) Blactamase inhibitor S |S S |- |- S
Trimethoprim/Sulfamethoxazole Trimethoprim/ Sulfonamide S |S - - |- S
Ciprofloxacin (5u9) Quinolones (2") R |S S |- |- S
Imipenem (10pug) Carbapenems S |s S |-1|- |S
Neomycin (30ug) Amynoglycoside - |- - |s|s |-
Tetracycline (30ug) Tetracyclines - - |s|s |-
Rifampicin (5ug) Ansamycins - |- - |s|s |-
Ceftriaxone (30ug) Cephalosporins (3 & 4™) R |S - -1-Ts
Erythromycin (15ug) Macrolides - |- - |s|s |-
Cefpodoxime (30pug) Cephalosporins (3 & 4™ - |- - |s]s |-
Tigecycline (15u9) Glycylcyclines S |S R [- |- S
Nalidixic Acid (30u9) Fluoroquinolones (1) R |- - - |- S
Novobiocin (30ug) Aminocoumarin - - - S |- -

Table 3. Total viable bacterial count of Pseudomonas aeruginosa in BHIB and BHIB with essential oils

Dilution | CFU/100pl | CFU/100ul | CFU/100ul | CFU/100pl | CFU/100pl | CFU/100ul | CFU/100uI | CFU/100pl
in BHIB|in BHIB|in BHIB|in BHIB|in BHIB|in BHIB|in BHIB|in BHIB
after 6 | after 24 | with TTO | with TTO | with SOO | with SOO | with Ylang | with Ylang
hours hours after 6 | after 24 | after 6| after 24| ylang oil | ylang oil

hours hours hours hours after 6| after 24
hour hour

10" TNTC TNTC 3 65 TNTC TNTC 41 145

107 TNTC TNTC 0 48 TNTC TNTC 15 100

10° 220 TNTC 0 26 200 280 8 40

107 70 TNTC 0 0 35 185 0 11

10° 13 290 0 0 12 33 0 0
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Table 4. Total viable bacterial count of Pseudomonas luteola in BHIB and BHIB with essential oils

Dilution | CFU/100ul | CFU/100ul | CFU/100ul | CFU/100ul | CFU/100pl | CFU/100ul | CFU/100ul CFuU/100pl
in BHIB|in BHIB|in BHIB|in BHIB|in BHIB| in BHIB| in BHIB with | in BHIB with
after 6| after 24| with TTO | with TTO | with SOO | with SOO | Ylangylang Ylang ylang
hours hours after 6 | after 24| after 6| after 24| oil after 6| oil after 24

hours hours hours hours hours hours

1071 120 TNTC 28 24 10 60 87 TNTC

107 48 TNTC 14 18 3 35 36 230

10° 9 TNTC 9 8 0 7 8 150

10° 0 TNTC 0 0 0 0 0 78

10° 0 236 0 0 0 0 0 17

Table 5. Total viable bacterial count of Staphylococcus aureus in BHIB and BHIB with essential oils

Dilution | CFU/100u | CFU/100n | CFU/100p | CFU/100p | CFU/100u | CFU/100u | CFU/100pl CFuU/100pl
l'in BHIB| | in BHIB| | in BHIB | | in BHIB | | in BHIB | | in BHIB | in BHIB with | in BHIB with
after 6 | after 24| with TTO | with TTO | with SOO | with SOO | Ylang-ylang | Ylang-ylang
hours hours after 6 | after 24 | after 6| after 24| oil after 6| oil after 24

hours hours hours hours hours hours

107 132 TNTC 46 18 118 TNTC 122 TNTC

1072 94 TNTC 20 10 89 220 81 TNTC

10° 66 TNTC 3 0 56 190 40 160

10* 42 280 0 0 12 75 8 42

10° 18 140 0 0 0 14 0 16

Table 6. Total viable bacterial count of Escherich

ia coli in BHIB and BHI

B with essential oils

Dilution | CFU/100ul | CFU/100ul | CFU/100ul | CFU/100ul | CFU/100ul | CFU/100ul | CFU/100pl CFu/100pl
in BHIB|in BHIB|in BHIB|in BHIB|in BHIB| in BHIB | inBHIBwith | in BHIB with
after 6 | after 24 | with TTO | with TTO | with SOO | with SOO | Ylang-ylang | Ylang-ylang
hours hours after 6 | after 24| after 6| after 24| oil after 6| oil after 24

hours hours hours hours hours hours

101 TNTC TNTC 44 70 110 TNTC 38 236

107 TNTC TNTC 35 45 64 216 25 168

10° TNTC TNTC 11 32 13 180 16 78

10 270 TNTC 0 13 0 52 0 56

10° 150 290 0 0 0 6 0 25

Table 7. Total viable bacterial count of Klebsiella pneumoniae in BHIB and BHIB with essential oils

Dilution | CFU/100n | CFU/100p | CFU/100p | CFU/100pu | CFU/100u | CFU/100pn | CFU/100pl CFuU/100p! in
lin BHIB| Il 'in BHIB| | in BHIB| | in BHIB | | in BHIB | | in BHIB | in BHIB | BHIB with
after 6| after 24| with TTO | with TTO | with SOO | with SOO | with Ylang- | Ylang-ylang
hours hours after 6 | after 24 | after 6 | after 24 | ylang oil | oil after 24

hours hours hours hours after 6 hours | hours

107 TNTC TNTC 76 110 TNTC TNTC 72 TNTC

1072 TNTC TNTC 55 90 88 TNTC 25 TNTC

10° TNTC TNTC 28 56 30 290 15 70

107 TNTC TNTC 2 14 4 126 0 48

10° 90 286 0 0 0 15 0 12

Table 8. Total viable bacterial count of Bacillus subtilis in BHIB and BHIB with essential oils

Dilution | CFU/100ul | CFU/100pl | CFU/100ul | CFU/100pl | CFU/100pl | CFU/100pl | CFU/100pl | CFU/100pl
in BHIB|in BHIB|in BHIB|in BHIB|in BHIB| in BHIB | in BHIB with | in BHIB with
after 6| after 24 | with TTO | with TTO | with SOO | with SOO | Ylang-ylang | Ylang-ylang
hours hours after 6 | after 24| after 6 | after 24 | oil after 6| oil after 24

hours hours hours hours hours hours

10* 78 217 46 83 70 204 65 188

1072 60 124 32 58 54 112 56 112

10° 41 78 18 41 32 66 33 68

107 32 56 6 28 21 41 20 41

10° 17 42 0 0 11 34 7 31
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Calculation of inhibition percentage:

CFU = Number of colonies X reciprocal of the dilution factor

Volume of plated suspension

CFU in oil
CFU in broth

Inhibition percentage = 1 — ) x 100

Table 9. Inhibition percentage of TTO, SOO and Ylang-ylang oil

Bacteria TTO SO0 Ylang-ylang Oil
After 6 hours | After 24 hours | After 6 hours | After 24 hours | After 6 hours | After 24 hours
incubation incubation incubation incubation incubation incubation

Pseudomonas 100 100 50 89 97 100

aeruginosa

Pseudomonas 77 100 80 100 27 93

luteola

Escherichia coli | 100 100 81 100 80 100

Staphylococcus | 66 100 16 74 81 89

aureus

Bacillus subtilis | 42 62 6 11 17 27

Klebsiella 100 100 95 100 96 100

pneumonia

Table 10. Average inhibition percentage of TTO, SOO and Ylang-ylang oil

Essential oils Average percentage inhibition
After 6 hours incubation | After 24 hours incubation
Tea Tree Qil (TTO) 80.83% 93.67%
Sweet Orange Qil (SO0) 59.5% 74.16%
Ylang-ylang Oil 70.33% 81.33%

Table 11. Comparing the effectiveness of essential oils by agar well diffusion method

Bacteria TTO SO0 Ylang-ylang QOil
Pseudomonas aeruginosa 26 mm 20 mm 18 mm
Pseudomonas luteola 32 mm 20mm | 20 mm
Escherichia coli 30 mm 16 mm | 24 mm
Staphylococcus aureus 20 mm 18 mm 10 mm
Klebsiella pneumoniae 22 mm 18 mm 14 mm
Bacillus subtilis 25 mm 20mm | 20 mm

Average percentage inhibition of essential oils against
bacteria

93.67%
100.00% - . 21 339

74.16% 70.339

80.00% -
60.00% -
40.00% -

20.00% -

Inhibition percentage

0.00% T T 1
Tea Tree Oil Sweet Orange Oil  Ylang-ylangOil

Time intervals

M6 hoursincubation M 24 hoursincubation

Figure 1. Comparison of average percentage inhibition of essential oils.

Copyright to IARJISET DOl 10.17148/IARJSET.2019.6602 15



ISSN (Online) 2393-8021
- IAR\] SET ISSN (Print) 2394-1588
TARISET.
y International Advanced Research Journal in Science, Engineering and Technology

Vol. 6, Issue 6, June 2019

Comparing the effectiveness of essential oil against different bacteria
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W Tea Tree Oil  ® Sweet Orange Oil Ylang-ylang Qil

Fig2. Comparison among the effectiveness of essential oils against six different bacteria by agar well diffusion method.
V. DISCUSSION

To investigate the antibacterial activity of three essential oils from tea tree, sweet orange and ylang-ylang, some
clinical, environmental and laboratory freeze dried isolates were selected. Do to the abuse of antibiotics, from the last
few decades many bacteria stopped responding with antibiotic treatments and new approaches are under investigation to
find alternatives to combat diseases caused by such antibiotic resistant bacteria. Plants and their extract are used from
the prehistoric era to treat disease generally, but little was known to use a specific extract for treating specific disease.
Essential oils possess antimicrobial properties and in the current context we compared the activities of TTO, SOO and
Ylang-ylang oil against six different bacterial isolates specifically.

To start our research at first we needed to choose some bacteria and identify them properly as well as their antibiotic
susceptibility pattern to find whether the essential oils works with the antibiotic resistant isolates as we concern about
the resistant bacteria which can be inhibited by essential oils. Here after biochemical identification we confirmed the
identification of six bacteria like Escherichia coli, Pseudomonas aeruginosa, Pseudomonas luteola, Klebsiella
pheumoniae, Staphylococcus aureus, Bacillus subtilis.

During the study of antibiotic susceptibility of the selected bacteria we found Escherichia coli was resistant to 1%
generation Fluoroquinolones and to a few 2™, 3" and even 4" generation cephalosporin drugs. Other bacterial isolates
showed sensitivity to some antibiotics as well as resistance to some antibiotics. It can easily be understood that the
infection caused by such multi drug resistant Escherichia coli is beyond the capability of treatment using antibiotics.
Environmental and laboratory freeze dried isolates showed sensitivity toward the antibiotics we used during this study
for them. The reason for such sensitivity might be they never have encountered with antibiotics before, they have not
exposed the resistance genes from other drug resistant isolates.

After studying the antibiotic sensitivity test, we further attempted to determine the antibacterial activity of TTO, SOO
and ylang-ylang oil both by agar well diffusion and broth dilution method. From the results we can see the similarities
found in both methods applied for detection of antibacterial activity. From table 3 to table 8 we found the reduction of
CFU after incubation with essential oils than the CFU from samples without essential oil. We found such results for all
of the six bacterial isolates and all the three essential oils. The inhibition of growth was further calculated as percentage
inhibition and there found the percentage of the inhibiting capacity of the oils against these bacteria (Table 9). Most
effective essential oil was TTO which imparted inhibiting activity after 6 hours for Escherichia coli, Pseudomonas
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aeruginosa, Pseudomonas luteola, Klebsiella pheumoniae, Staphylococcus aureus, Bacillus subtilis was ranging from
100% to 42% and after 24 was it ranged from 100% to 62%. SOO showed inhibiting capacity after 6 hours 100% to
11% and after 24 hours from 100% to 6% (the lowest activity was for Bacillus subtilis). Finally Ylang-ylang oil had the
inhibition percentage of 100% to 10% at 6 hours and 100% to 27% at 24 hours incubation. All the oils exhibited quiet
remarkable results showing inhibiting capabilities except Bacillus subtilis. It showed the lowest degree of sensitivity
towards all the oils. As it is still sensitive towards the conventional antibiotics, our concern was with the drug resistant
isolates. Pseudomonas aeruginosa, Klebsiella pneumoniae and Escherichia coli having higher degrees of antibiotic
resistance showed satisfactory result with TTO, SOO and Ylang-ylang oil. These oils can be used to treat infections
caused by these bacteria specifically.

V. CONCLUSION

At present medical science is facing problem to treat infectious diseases with antibiotics due to the multi drug resistance
properties of the bacteria. As a result, these bacteria can now cause life threatening conditions being nonresponsive
toward the antibiotics. So searching for alternatives especially from plant origin (due to less toxicity, availability) is
going on to treat people infected with such antibiotic resistant bacteria. In our current study we observed that TTO has
the highest ability to inhibit all of the six selected bacteria which are already resistant to antibiotics. The most
significant result was found for Escherichia coli (having resistance to 4™ generation antibiotics) towards all of these
three essential oils. This breakthrough information can be aimed to develop new drugs for treating 4™ generation
cephalosporin resistant bacteria.

All paragraphs must be indented. All paragraphs must be justified, i.e. both left-justified and right-justified.
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