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Abstract:

Eucalyptus globulus trees are available abundantly in the highland part of Ethiopia and traditionally used for the
treatment of various ailments including influenza, common cold, warts, febrile iliness, and headache. In view of
its traditional uses, an attempt was made to explore the chemical profile and antibacterial studies of the leaves
of Eucalyptus globulus from two district area. The chemical composition of essential oil obtained by steam
distillation extraction from the leaves of Eucalyptus globulus was analyzed by GC-MS. The extraction yields of
essential oils of the leaves of E. globulus collected from Haramaya Campus, and Entoto Park were 0.23% and
0.24%, respectively. Twenty-one compounds, constituting about 99.20% of the total oil, were identified from the
Haramaya University Campus, whereas eighteen compounds, constituting about 98.03% of the total oil, were
identified from Entoto Park. The main constituents identified in both areas were 1, 8-cineole (68.25-72.10%), cis-
sabinol (12.10-14.31%), Limonene (2.35-2.96%), o-pinene (2.15-2.50%) and a-terpineol (1.62-2.13. The
antimicrobial activity of the oil was evaluated against four microorganisms using paper disk diffusion methods.
Essential oils extract of Eucalyptus globulus leaves from Haramaya Campus showed comparatively less
antibacterial activity than Entoto Park.
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1. Introduction

In recent decades, the demand for plant derived products for therapeutic uses has been increased (Hermann &
von Richter, 2012). In many countries worldwide aromatic herbs are used in primary health care, especially in
rural areas (Kamatou et al,, 2005), and 80% of the populations in developing countries use these traditional
resources (Begossi, 1996). For this reason, the use of essential oils extracted from plants for clinical purposes
have become an important topic in scientific research and industrial application thanks to the different biological
activities of oils, which exercise antimicrobial (Lo, Shanmugaiah, & lacobellis, 2009), antioxidant (Dutra, Leite, &
Barbosa, 2008) and anti-inflammatory (Chao et al., 2005) activities It is not unusual for people living in the
countryside to treat some common ailments using plants available around them. Dawit Abebe and Ahadu Ayehu
in 1993 (Abebe & Ayehu, 1993) reported that 80% of the Ethiopian population depends on traditional medicine
for their health care. More than 95% of traditional medical preparations are of plant origin (Abebe, 1986).
Ethiopian people use different parts of plants for treatment of various diseases such as influenza (Alemayehu,
Asfaw, & Kelbessa, 2015; Atnafu, Awas, Alemu, & Wube, 2018), common cold (Megersa, Asfaw, Kelbessa, Beyene,
& Woldeab, 2013; Meragiaw, Asfaw, & Argaw, 2016), warts (Enyew, Asfaw, Kelbessa, & Nagappan, 2014), febrile
illness (michi) (Araya, Abera, & Giday, 2015; Chekole, Asfaw, & Kelbessa, 2015; Kassa, Asfaw, & Demissew, 2016),
itch (Kebebew & Mohamed, 2017) and headache (Meragiaw et al., 2016). Essential oil from leave of Eucalyptus
plant is one of them. There are many species of Eucalyptus such as E. camaldulensiq E. citriodora, E. daltympleana,
E. dean, E. delegatensis, E. globulus, E. orandis, E. nitens, E. saliana, E. teretiwrnis, E.urophylla and E. viminali
growing in Ethiopia (Dagne, Bisrat, Alemayehu, & Worku, 2000).

E. globulus the "white eucalypt” locally known as “nech bahrzaf” one of them. It has been cultivated for medicinal
oil production in many parts of the world. Eucalyptus globulus is an extremely adaptable species which grows
well on a variety of soils and in a variety of climates. In Ethiopia it succeeds everywhere in the highlands, and
does best at altitudes from 1800-2600m on loamy soils. Eucalyptus is known to be a rich source of secondary
compounds with a variety of biological activities (Guo & Yang, 2006). The essential oil of Eucalyptus globulus
contains 1,8-cineole as its major constituent that varies between 70-95%, however, some studies have shown as
little as 4% in its oil (Igbal, Bhatti, Ahmad, & Chatha, 2006; Whitman & Ghazizadeh, 1994). The use of eucalyptus
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oils, mostly obtained from the leaves, is grouped as medicinal, industrial, aromatic and flavoring, depending on
their chemical composition (Li, Madden, & Potts, 1996; Ogunwande, Olawore, Adeleke, & Ekundayo, 2005;
Sartorelli, Marquioreto, Amaral-Baroli, Lima, & Moreno, 2007). Numbers of reports are available all around the
world which shows the antibacterial (Bachheti, Joshi, & Singh, 2011; Gilles, Zhao, An, & Agboola, 2010) and
antioxidant (Bachheti, 2015; Barra, Coroneo, Dessi, Cabras, & Angioni, 2010; Marzoug et al,, 2011), antiseptic
agent (Song, Wang, & Liu, 2009) of Eucalyptus Leaves. Essential oils of E. globulusare constituted mainly by the
monoterpenes 1, 8-cineole (eucalyptol, 60%), o-pinene (30%) and D-limonene (5%) and the sesquiterpene
aromadendrene (Ammon, Barton, Clarke, & Tjandra, 1985). Eucalyptol has antifungal, antibacterial and antiviral
activity in vitro (Morcia, Malnati, & Terzi, 2012). In addition, eucalyptol and aromadendrene have synergistic
effects in regard to antioxidant and antimicrobial properties (Mulyaningsih, Sporer, Zimmermann, Reichling, &
Wink, 2010). Moreover, it has been determined that E. globulus leaves contain several polyphenolic compounds
such as ellagic acid, gallic acid, caffeic acid, chlorogenic acid, luteolin, rutinand quercetin in free or conjugated
forms which have antioxidant and antimicrobial properties (Almeida et al., 2009).

Essential oils or some of their constituents are indeed effective against a large variety of organisms including
bacteria and viruses (Duschatzky et al., 2005), fungi (Hammer, Carson, & Riley, 2002) and protozoa (Monzote et
al., 2006). The chemical profile of essential oils varies in the number of molecules, stereochemical properties of
molecules, and also depends on the type of extraction. The extraction products may vary in quality, quantity and
in composition according to climate, soil composition, plant organ, age and vegetative cycle stage (Masotti,
Juteau, Bessiere, & Viano, 2003). Therefore this study was designed to characterize the chemical profile of
essential oils of E. globulus from two district area of Ethiopia and evaluate their antimicrobial activities in vitro.

2. Materials and Methods
2.1. Description of the Study Area

Medicinal plants (Fresh leaves of Eucalyptus globulus) used in this study were collected from Haramaya University
(Eastern Ethiopia) is located 5km from Alemaya a town in the East Hararghe Zone, 17 km from the city of Harar
and 40km from Dire Dawa at altitude range from 1400 to 2340 meters above sea level. It has mean annual
rainfall and temperature of 1372 and 19°C respectively and Enteto Natural Park (Central Ethiopia) is the highest
peak north eastern rim city of Addis Ababa the capital of Ethiopia, slope of mountain. It reaches 3,200 meters
above sea level. Its annual average rainfall and temperature are 1200mm and 14°C respectively. It is situated at
an altitude of between 2,600 and 3100 meters.

2.2. Chemicals and Reagents

The following chemicals, solvents, and drugs were used: Chloroform (CHCls), anhydrous Na,SO4,
dimethylsulfoxide (DMSO), Streptomycin 10, 20 ug, Sodium chloride (NaCl), Muller Hinton Agar (MHA), and
Nutrient Agar was obtained from the Department of Pathology, Haramaya University.

2.3. Bacteria Pathogens

The bacterial test microorganisms used in this investigation were Staphylococcus aureus, Pseudomonas
aeruginosa, Streptococcus pyogenes and Proteus mirabilis which were donated by the Ethiopian Public Health
Institute (EPHI).

2.4. Preparation of Essential Oil

One kilo gram of the leaves of Eucalyptus globulus from Haramaya Campus and Entoto area were collected. The
collecting leaves were packed in plastic bags to reduce volatility from environmental factors (physical factors)
until the experiment was conducted.
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Figure 1: Leaves of E.globulus (locally Nech bahrzaf) from Entoto Park and Haramaya Campus

2.4.1. Steam-Distillation Essential Oil Extraction

A 500 g of the fresh leaf of E. globulus was mixed with 300 mL of distilled water in 1 L distillation flask and steam
distilled using an apparatus of Clevenger type for 3 h. The distillation flask was placed in heating mantle and
allowed to boil the sample up on the addition of boiling chips until the distillation was completed. The distillate
was collected in receiver apparatus (500 mL beaker). The extracted fractions of plant parts exhibited two distinct
layers an upper oily layer and the lower aqueous layer. The essential oil was separated from aqueous portion by
extracting twice with chloroform using a separatory funnel. The chloroform (lower) layer was slowly drowned off
until only the water layer remains. After filtration, the solvent was eliminated in rotary evaporator at 40 °C under
reduced pressure distillation. The collected oil was dried over anhydrous Na»SOs in order to remove water traces
and concentrated under vacuum, weighed its yield and stored in clean brown glass bottles at 4 °C in refrigerator
until used for antimicrobial screening. The chemical constituents of the oil were determined by GC-MS Ambo
University, Chemistry Department research laboratory.

2.5. GC-MS Analysis of Essential oil

The essential oil from leaves of E. globulus was analyzed on GC-MS QP 2010 Plus (Shimadzu Company) using
HP-5 MS column (30 m x 0.25 mm internal diameter x 0.25 L film thickness) which was coated by 5% phenyl
95% methyl poly siloxane stationary. The syringe was washed with 8 pL of chloroform and 2 pL essential oil
solutions in chloroform was injected through auto sampler and analyzed with HP5 MS column. Column
temperature was programmed as follows: 50 to 120 °C at 204 °C/min, 120 to 150 °C at 4 °C/min, 150 to 250 °C
at 20°C/min (10 min hold time) and 3.5 min solvent delay. The temperature of the injector was fixed to 260 °C
and the detector (FID) to 270 °C. Carrier gas was helium (1 mL/min) with 69.8 kPa and a split ratio of 100:1. The
interface temperature was 280 °C. The mass spectra were recorded in electron ionization mode at 70 eV with
scanning from 40 to 600 m/z at 0.5 s and ion source temperature was set at 230 °C. The percentage of each
constituent in the oil was determined based on GC peak areas. The constituents of essential oil were identified
by their retention index, MS Library search (NIST 08 and WILEY 8 libraries) and by comparison with the spectra
and retention index data in the literature.

@ ® 189



2.6. Antibacterial Activity of Essential Oil

The essential oil extracted by steam distillation was evaluated in vitro for antimicrobial activity by using the
paper disc diffusion method against the selected three intestinal bacterial species included Staphylococcus
aureus, Pseudomonas aeruginosa Proteus mirabilis and Streptococcus pyogenes. The bacterial cultures were
inoculated into the Muller Hinton Agar (MHA) and incubated at 37°C. The antimicrobial activity test was
conducted plant pathology laboratory school of plant sciences, Haramaya University. Streptomycin was used as
standard drug against the selected bacteria. Streptomycin and DMSO were used as a positive and negative
control respectively. The percentage yield of the essential oil was determined gravimetrically using the volume
of the extract (x) and the weight of wet leaves sample material (y) as follows

percentage yield = g X 100

2.6.1. Media Preparation

Thirty nine grams of Mueller-Hinton agar was suspended in 1000 ml of sterile distilled water and then sterilized
by autoclaving at 15 Lbs pressure (120°C) for 15 minutes. Immediately after autoclaving, the medium was
allowed to cool in a 48 to 50°C water bath and poured aseptically into a sterile Petri dish in the safety biological
hood at room temperature until it solidifies.

2.6.2. Preparation of Inoculums for Antimicrobial Activity Test

Four well isolated bacterial strains were transferred from the stock cultures and streaked on MHA plates and
incubated for 24 h at 37°C oven. Well separated bacterial colonies of S. aureus, P. aeruginosa, Proteus mirabilis
and S. pyogenes, were then used as inoculums. The MHA media was autoclaved at 121°C and 1.03 bars for 15
minute in order to sterilized and cooled to about 45°C in a water bath. The microorganisms were then transferred
to their media using sterile loop and mixed by gentle swirling the flasks and then poured to sterile petri dishes
plates, allowed to solidify and used for the bioassay test.

2.6.3. Determination of Antibacterial Activities

The antibacterial activities of the essential oil plant extracts were tested using disc diffusion method. The dried
surface of a Mueller-Hinton agar plate was aseptically inoculated with bacterial suspension by swabbing over
the entire agar surface in the safety hood. This procedure was repeated by swabbing two more times, rotating
the plate approximately 90° and 60° each time to ensure an even distribution of inoculums. As final step the
edge of the agar was swabbed. After inoculation, the lids of the plates were left partly open for 3-5 minutes to
allow surface moisture to be absorbed before applying the respective plant extracts impregnated discs, sterile
distilled water and standard drug.

2.6.3.1. Application of antimicrobial agent, sterile distilled water and test drug impregnated discs onto
inoculated agar plates

Filter paper discs of 0.6 mm diameter placed in a beaker were sterilized in an oven at 180 °C for 1 h. Then10 and
20 uL of the solutions of the essential oil extract (antimicrobial agent), standard drug (streptomycin) and distilled
water were added to the discs surface in three replications by using a micropipette. All discs used for
predetermined sets of antimicrobial agents and distilled water as well as antibiotics impregnated discs were
applied onto the surface of the inoculated Mueller-Hinton agar plates using sterile forceps. Each disc was
pressed down individually to ensure complete contact with the agar surface. The inhibitory activity of the oil was
evaluated by measuring the zone of inhibition against the test organisms after an incubation period of 24 h and
compared to that of commercial drugs.

2.6.3.2. Reading plates and interpreting results

After 24 hours of incubation, each plate was examined for zone of inhibition. The diameters of the zone of
complete inhibition (judged by the unaided eye) including the diameters of the disc were measured to the
nearest whole millimeter using a caliper. The zone margin was taken as the area showing no obvious visible
growth that can be detected with the unaided eye. Faint growth of tiny colonies, which can be detected only
with magnifying lens of colony counter at the edge of the zone of inhibition, was ignored. The experiment was
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repeated three times and the results were expressed as mean values of zone of bacterial growth inhibition by each
essential oil plant extract.

2.7. Data Analysis

Data were analyzed using computer software SPSS. Results of the study were expressed as mean + standard
error (M + SEM). Statistical significant differences values were determined using one way analysis of variance
(ANOVA).

3. Results and Discussion
3.1. Yield of Extract

The extraction yields of essential oils of the leaves of E. globulus collected from Haramaya Campus and Entoto
Park were 0.23% and 0.24%, respectively as shown in Table 1. There are many literature reported for E. globulus
where the essential oil yield was 0.8 — 2.0 % in Northern Ethiopia (Subramanian, Gebrekidan, & Nigussie, 2012),
1.9-2.7% (w/w, based on the fresh weight of the young leaves) in Morocco [26], 2.68% (w/w, based on the fresh
weight of the adult leaves) in Argentina [27] and1.05% in India [5]. The yield variability in the total essential oil
of E. globulus species may be attributed to the climatic conditions, ecological, soil conditions, age of plant and
the season of harvest.

Entoto Park Haramaya University

(sample material) | (sample material)

Weight of leaves(g) 500 500
Volume of extract oil(ml) 1.19 1.15
Percentage of yield(% ml/g) | 0.24 0.23

Table 1.The yield of the essential oils from Eucalyptus globulus Entoto Park and
Haramaya Campus
3.2. Essential Oil Analysis

The chemical composition of the leaves of E. globulus essential oil was shown in (Table 2, Figure 2 & 3). GC-
MS analyses revealed the presence of twenty one (21) compounds representing 99.20 % collected from
Haramaya Campus and eighteen (18) compounds representing 98.03% of the total oil collected from Entoto
Park. The essential oil composition collected from Haramaya Campus was revealed 92.37 % and 6. 83%
monoterpenes and sesquiterpenes, respectively, whereas the essential oil composition collected from Entoto
Park were revealed 93.37 % and 4. 66% monoterpens and sesquiterpenes, respectively. The main constituents
of the essential oil in the E. globulus leaves collected from Haramaya Campus were 1, 8- cineole (68.25%), cis-
Sabinol (14.31%), Limonene (2.35%), a-Terpinolene (1.24%), and a-pinene (2.15%), wereas E. globulus leaves
collected from Entoto Park were 1, 8- cineole (71.30%), cis-Sabinol (12.10%), Limonene (2.96%), a-Terpinolene
(0.90%), and a-pinene (2.50%).

The major identified compounds in these oils were 1,8-cineole in agreement with other observations: 64.5% in
Uruguay, 77% in Cuba, 86.7% in California, 58% to 82% in Morocco, 48.7% in Africa, and 50% to 65% in Argentina
(Viturro, Molina, & Heit, 2003), 63.8 to 75.8% | Portugal (Silvestre, Cavaleiro, Delmond, Filliatre, & Bourgeois,
1997), 72.71% in China (Song et al., 2009), 66.28 to 75.36% in Ethiopia (Subramanian et al., 2012). Oxygenated
and hydrocarbon monoterpenes had shown the higher composition due to the presence of 1, 8-cineole (71.30%)
and cis-sabinol (12.10%). E. globules leaves essential oil were contained more oxygenated terpenes derivatives
mainly monoterpenes (84.56 -86.20%) compared to monoterpenes hydrocarbons (6.20-8.32%). Moreover
among sesquiterpenes, the oxygenated species were also detected in a higher percentage than hydrocarbons
in agreement with literature (Akolade et al., 2012).

We thus note significant differences in the chemical composition of E. globules leaves essential oil collected from
Haramaya Campus and Entoto Park. These qualitative and quantitative differences in the chemical composition
of essential oils could be attributed to several factors such as geographical location (Usman et al., 2010), climatic
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effects of the plants, harvest season, nature of the soil, age of the plant parts, the part of the plant used (Emara
& Shalaby, 2011), and time of collection (Marzoug et al., 2011) with consequent influence on biological activities
(Saliu, Usman, Sani, Muhammad, & Akolade, 2011).

Table 2. Major Chemical constituents of the leaves essential oil of Eucalyptus globulus Labill

S.No | Chemical Components Plant Sample Collected from

Haramaya Campus Entoto park

Retention  Time | Composition | Retention  Time | Composition

(min) (%) (min) (%)
1 Limonene 5.05 2.35 5.01 2.96
2 o-Terpinolene 5.93 1.24 6.53 0.90
3 B-Phellandrene 6.15 1.20 6.91 1.51
4 Camphene 6.20 0.76 6.95 0.87
5 cis-Sabinol 6.56 14.31 7.18 12.10
6 a-terpinol acetate 6.91 0.56 7.23 0.36
7 a-Pinene 7.07 2.15 7.73 2.50
8 1,8-Cineole 7.29 68.25 9.27 71.30
9 cis-Carveol 7.55 0.78 9.35 0.48
10 Globulol 7.75 133 10.58 1.60
11 Aromadendrene 8.05 0.35 - -
12 Pulegone 8.70 0.89 10.84 1.00
13 y-Terpinene 9.27 0.79 11.15 0.37
14 B-pinen 10.31 1.12 12.04 0.42
15 4-terpineol 10.56 1.62 12.06 2.13
16 B-myrcene 10.83 0.34 12.34 0.30
17 a-Fenchene 11.15 042 - -
18 p-Cymen 12.03 0.25 12.44 0.23
19 Spahulenol 12.35 0.24 12.50 037
20 Caryophyllene oxide 12.44 0.82 - -
21 tr-p-Mentha-1,7- 8dien- 13.24 0.63 12.77 0.14

2-ol
Total Content (%) | 99.20 98.03
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Figure 2: GC-MS Chromatogram of E. globulus essential oils collected from Harmaya Campus

Eucalyptus Ent
100
Area

5.01
13364530

495
165617
L

6.53
20076572

7.18
6604623

616
1099558

7.23
18176502

7.7

3
5801054  B.07

N LS
" i

93554006136

17391026

927
3607622 o048 | 1084 1115

)

075 e
1048, Lensiors osamzr

1003330 752040 [7265075 2

12.34
34032068

I

1204 [ 6630422

428320) w2t 1400
LA, L sostes  serame

Eucalyptus Ent2
100

"!f

| ooy |
).

728

718

773
|

035

y 1084 1116
11— |l

12.34
|
‘m.

i

12,04

w1
A

"
2,77
| 1

5.10

6.10

7.10

810

1010 110

12110 1310 14110 15.10

Time

1610 1710

Figure 3: GC-MS Chromatogram of E. globulus essential oils collected from Entoto Park

The medicinal properties of the oil are specified by minimum quantity of constituents, which are defined in the
British pharmacopoeia (Pharmacopoeia, 2004) require eucalyptus oil to contain not less than 70% 1,8-cinecle
and be practically free of phellandrene. Therefore, the oils extracted from all were free of phellandrene, and the
1,8-cineole content of Entoto Park were greater than 70%, therefore, the trees under study except Haramaya
Campus could be used for medicinal purpose while the case of Haramaya Compus needs further purification so

as to increase the 1,8-cineole content.

3.3. Antibacterial Activity of Eucalyptus globulus leaves essential oil extract

The study showed that the essential oil extracts investigated were active against Gram positive and Gram
negative bacteria .The antibacterial activities of essential oils extract of Eucalyptus globulus leaves were tested
by paper disk diffusion method. The essential oils extract of E. globulus leaves has exhibited effective
antimicrobial activity P.aeruginosa, P.mirabilis, S.aureus and S.pyogenesat concentrations of 10 and 20pm/ml.
Essential oils of E.globulus leaves extract from Entoto Park was produced maximum zone of inhibition
(14.43+0.15mm) against S.pyogenes while minimum zone of inhibition (6.57+0.26mm) against P.mirabilis wereas
essential oil extracts of E.globulus leaves from Haramaya Campus showed maximum zone of inhibition
(14.23+£0.11mm) against S.aureus while the minimum zone of inhibition (6.47+0.21mm) against P.aeruginosa.
The inhibition zones obtained were intermediate between those obtained for Gram negative bacteria and Gram
positive bacteria. Essential oils extract of Eucalyptus globulus leaves from Haramaya Campus showed
comparatively less antibacterial activity. Similarly among the gram negative and gram positive group bacteria
(P.aeruginosa, P. mirabilis, S. aeruginosa and S. Pyogenes) was observed less zone of inhibition while essential
oils Eucalyptus globulus leaves extract from Entoto Park showed high antibacterial activity with Gram negative
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and gram positive (P.aeruginosa, P. mirabilis, S. aeruginosa and S. Pyogenes) was observed with good zones of
inhibition (Table 3).

Table 3: In vitro antimicrobial activity of E.globulus leaves essential oil extracts and standard antibiotics against
test- bacteria.

Compounds | Zone of inhibition(l)(mm) of Test Microorganisms

Gram(-) Bacteria Gram(+) Bacteria
P. geruginosa P. mirabilis S. aurous S. pyogenes
10pug/ml | 20pg/ml | 10pg/ml | 20pg/ml | 10pg/ml | 20pg/ml | 10pg/ml | 20pg/ml
EPEO 7.77+ 12.2+ 7.5+ 1223+ | 10.01+ | 1443+ | 1017+ | 1243+
029 0.84 0.28 0.16 0.10 0.15 0.40 0.69
HCEO 6.47+ 11.83+ | 6.57+ 11.87+ | 10.0¢ 1423+ | 9.87+ 12.57+
0.21 0.31 0.26 0.33 0.12 0.11 0.14 0.28
SM 10.07+ | 15.9% 9.73+ 15.83+ | 13.8% 1720+ | 1397+ | 16.73+
0.29 0.11 0.17 0.21 0.07 0.09 0.04 0.06
DMSO - - - - - - - -

Key: P=Pseudomonas aeruginosa, S=Staphylococcus aurous, P=proteus mirabils,

S: Streptococcus pyogenes,Gram (-) = Gram negative, Gram (+) = Gram positive, EPEO=Entoto park essential oil,
HCEO= Haramaya campus essential oil, - = No inhibition was observed, DMSO= dimethyl sulfoxide as a negative
control, SM= streptomycin as a positive control.

The antimicrobial activity of E. globulus essential oil is due to the presence of a mixture of monoterpenes and
oxygenated monoterpenes (Damjanovi¢-Vratnica, Dakov, Sukovi¢, & Damjanovi¢, 2011). In this study percentage
of oxygenated monoterpenes Eucalyptol (1,8-cineole) 65.25 and 71.30 from two different place ( Haramaya
University campus and Entoto Park) is high which is responsible for antibacterial activity. Essential oils are
potential sources of novel antimicrobial compounds (Daroui-Mokaddem et al., 2010) especially against bacterial
pathogens. An important characteristic of essential oils and their components is their hydrophobicity, which
enable them to partition the lipids of the bacterial cell membrane and mitochondria, disturbing the cell
structures and rendering them more permeable (Knobloch, Weigand, Weis, Schwarm, & Vigenschow, 1986;
Mitscher, Drake, Gollapudi, & Okwute, 1987). Extensive leakage from bacterial cells or the exit of critical
molecules and ions will lead to death (Sikkema, de Bont, & Poolman, 1994).

4. Conclusions

The result of the present study have revealed that the chemical Profile and antibacterial activity of essential oils
of E. globulus, varied greatly depending upon different type of geographical location. The main constituent of
Haramaya University Campus and Entoto Park E. globulus oil are 1, 8-cineole (Eucalyptol), ranging from 68.25%-
71.10% and cis-sabinol, ranging from 12.10%-14.31%. The slightly difference in composition might be attributed
due to different agro-climatic conditions and soil composition in the region. Twenty one compounds were
detected from Haramaya University Campus and eighteen chemical components were identified from Entoto
Park E. globulus essential oils. The essential oils obtained from Entoto Park could be used for medicinal
application and/or pharmaceutical agents but in the case of Haramaya University Campus it needs further
purification and enrichment so as to make 1, 8-cineole composition greater than 70%.

The results of the antibacterial activity of essential oils from different area of Ethiopia may be directly associated
with their major constituents or the presence of synergy between the major and minor constituents within the
essential oil. The relationship evaluated between the chemical composition of the oil and the antibacterial
activity was suggested that the presence of oxygenated monoterpene 1, 8- cineole as the principal component
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of the essential oil which is very responsible for the potent antibacterial activities. In general, the strong
antibacterial activity was not related only to a high composition of major component such as 1, 8-cineole, but
also the presence of other moderate and minor chemical constituents of the oil. The Gram (-) bacteria
(P.aeruginosaand P.mirabilis) was the most resistant to the oils in comparison with the Gram (+) bacteria (S.
pyogenes and S. aureus). Thus, E. globulus leaves essential oils chemical components can be used against for
selected pathogenic and some microorganisms, and may provide better alternatives or supplements to the
conventional antibacterial.

Conflict of Interest: The author declare no conflict of Interest
Funding: Nil

Acknowledgment: Not Applicable

5. Reference

Abebe, Dawit. (1986). Traditional medicine in Ethiopia. The attempt being made to promote it for effective and
better utilization.

Abebe, Dawit, & Ayehu, Ahadu. (1993). Medicinal plants and enigmatic health practices of Northern Ethiopia.

Akolade, Jubril Olayinka, Olajide, Olutayo O, Afolayan, Michael Olalekan, Akande, Sarah Abimbola, Idowu,
Doyinsola Idiat, & Orishadipe, Abayomi Theophilus. (2012). Chemical composition, antioxidant and cytotoxic
effects of Eucalyptus globulus grown in north-central Nigeria. J Nat Prod Plant Resour, 2(1), 1-8.

Alemayehu, Getu, Asfaw, Zemede, & Kelbessa, Ensermu. (2015). Ethnobotanical study of medicinal plants used
by local communities of Minjar-Shenkora District, North Shewa Zone of Amhara Region, Ethiopia. Journal of
Medicinal Plants Studies, 3(6), 01-11.

Almeida, Isabel F, Fernandes, Eduarda, Lima, José LFC, Valentdo, Patricia, Andrade, Paula B, Seabra, Rosa M, . ..
Bahia, MF. (2009). Oxygen and nitrogen reactive species are effectively scavenged by Eucalyptus globulus leaf
water extract. Journal of medicinal food, 12(1), 175-183. https://doi.org/10.1089/imf.2008.0046.

Ammon, Donald G, Barton, Allan FM, Clarke, Douglas A, & Tjandra, Juhana. (1985). Rapid and accurate
determination of terpenes in the leaves of Eucalyptus species. Analyst, 110(8), 921-924.

Araya, Solomon, Abera, Balcha, & Giday, Mirutse. (2015). Study of plants traditionally used in public and animal
health management in Seharti Samre District, Southern Tigray, Ethiopia. Journal of ethnobiology and
ethnomedicine, 11(1), 22. https://doi.org/10.1186/s13002-015-0015-5

Atnafu, Hailu, Awas, Tesfaye, Alemu, Sisay, & Wube, Sisay. (2018). Ethnobotanical study of medicinal plants in
selale mountain ridges North Shoa Ethiopia. Biodiversity International Journal, 2(2).

Bachheti, RK. (2015). Chemical composition and antibacterial activity of the essential oil from the leaves of
Eucalyptus Globulus collected from Haramaya University, Ethiopia. Der Pharma Chemica, 7(2), 209-214.

Bachheti, RK, Joshi, Archana, & Singh, Arjun. (2011). Oil content variation and Antimicrobial activity of Eucalyptus
leaves oils of three different Species of Dehradun, Uttarakhand, India. International Journal of ChemTech
Research, 3(2), 625-628.

Barra, Andrea, Coroneo, Valentina, Dessi, Sandro, Cabras, Paolo, & Angioni, Alberto. (2010). Chemical variability,
antifungal and antioxidant activity of Eucalyptus camaldulensis essential oil from Sardinia. Natural Product
Communications, 5(2), 1934578X1000500232. https://doi.org/10.1177/1934578X1000500232

Begossi, Alpina. (1996). Use of ecological methods in ethnobotany: diversity indices. Economic botany, 50(3),
280. https://doi.org/10.1007/BF02907333

Chao, Louis Kuoping, Hua, Kuo-Feng, Hsu, Hsien-Yeh, Cheng, Sen-Sung, Liu, Ju-Yun, & Chang, Shang-Tzen.
(2005). Study on the antiinflammatory activity of essential oil from leaves of Cinnamomum osmophloeum.
Journal of Agricultural and Food Chemistry, 53(18), 7274-7278. https://doi.org/10.1021/jf051151u

@ @ 195


https://doi.org/10.1186/s13002-015-0015-5

Chekole, Getnet, Asfaw, Zemede, & Kelbessa, Ensermu. (2015). Ethnobotanical study of medicinal plants in the
environs of Tara-gedam and Amba remnant forests of Libo Kemkem District, northwest Ethiopia. Journal of
ethnobiology and ethnomedicine, 11(1), 4. 10.1186/1746-4269-11-4

Dagne, Ermias, Bisrat, Daniel, Alemayehu, Markos, & Worku, Tadele. (2000). Essential oils of twelve Eucalyptus
species from Ethiopia. Journal of Essential Oil Research, 12(4), 467-470.
https://doi.org/10.1080/10412905.2000.9699567

Damjanovi¢-Vratnica, Biljana, Dakov, Tatjana, Sukovi¢, Danijela, & Damjanovi¢, Jovanka. (2011). Antimicrobial
effect of essential oil isolated from Eucalyptus globulus Labill. from Montenegro. Czech Journal of Food Sciences,
29(3), 277-284.

Daroui-Mokaddem, Habiba, Kabouche, Ahmed, Bouacha, Mabrouka, Soumati, Boudjemaa, El-Azzouny, Aida,
Bruneau, Christian, & Kabouche, Zahia. (2010). GC/MS analysis and antimicrobial activity of the essential oil of
fresh leaves of Eucalytus globulus, and leaves and stems of Smyrnium olusatrum from Constantine (Algeria).
Natural product communications, 5(10), 1934578X1000501031. https://doi.org/10.1177/1934578X1000501031

Duschatzky, Claudia B, Possetto, Mirta L, Talarico, Laura B, Garcia, Cybele C, Michis, Fabiana, Almeida, Norma V,
... Damonte, Elsa B. (2005). Evaluation of chemical and antiviral properties of essential oils from South American
plants. Antiviral Chemistry and Chemotherapy, 16(4), 247-251. https://doi.org/10.1177/095632020501600404

Dutra, Rafael C, Leite, Magda N, & Barbosa, Nadia R. (2008). Quantification of phenolic constituents and
antioxidant activity of Pterodon emarginatus vogel seeds. International Journal of Molecular Sciences, 9(4), 606-
614. https://doi.org/10.3390/ijms9040606

Emara, Kh S, & Shalaby, A Emad. (2011). Seasonal variation of fixed and volatile oil percentage of four Eucalyptus
spp. related to lamina anatomy. Afr J Plant Sci, 5(6), 353-359.

Enyew, Abiyu, Asfaw, Zemede, Kelbessa, Ensermu, & Nagappan, Raja. (2014). Ethnobotanical study of traditional
medicinal plants in and around Fiche District, Central Ethiopia. Current Research Journal of Biological Sciences,
6(4), 154-167.

Gilles, Martin, Zhao, Jian, An, Min, & Agboola, Samson. (2010). Chemical composition and antimicrobial
properties of essential oils of three Australian Eucalyptus species. Food Chemistry, 119(2), 731-737.
https://doi.org/10.1016/j.foodchem.2009.07.021

Guo, Qing-Mei, & Yang, Xiu-Wei. (2006). Cypellocarpin C and other compounds from the fruits of Eucalyptus
globulus Labill. Biochemical systematics and ecology.

Hammer, KA, Carson, CF, & Riley, TV. (2002). In vitro activity of Melaleuca alternifolia (tea tree) oil against
dermatophytes and other filamentous fungi. Journal of Antimicrobial Chemotherapy, 50(2), 195-
199. https://doi.org/10.1093/jac/dkf112

Hermann, Robert, & von Richter, Oliver. (2012). Clinical evidence of herbal drugs as perpetrators of
pharmacokinetic drug interactions. Planta medica, 78(13), 1458-1477. DOI: 10.1055/s-0032-1315117

Igbal, Z, Bhatti, HN, Ahmad, IN, & Chatha, SAS. (2006). Contents and compositional variations in the essential
oils of different eucalyptus globulus trees from Faisalabad, Pakistan. Journal of the Chemical Society of Pakistan,
28(4), 397-400.

Kamatou, GPP, Viljoen, AM, Gono-Bwalya, AB, Van Zyl, RL, Van Vuuren, SF, Lourens, ACU, . . . Van Staden, J.
(2005). The in vitro pharmacological activities and a chemical investigation of three South African Salvia species.
Journal of Ethnopharmacology, 102(3), 382-390. https://doi.org/10.1016/j.jep.2005.06.034

Kassa, Zewdie, Asfaw, Zemede, & Demissew, Sebsebe. (2016). Ethnobotanical study of medicinal plants used by
the local people in Tulu Korma and its Surrounding Areas of Ejere District, Western Shewa Zone of Oromia
Regional State, Ethiopia. Journal of Medicinal Plants Studies, 4(2), 24-47.

@ ® 196


https://doi.org/10.1186/1746-4269-11-4
https://doi.org/10.1080/10412905.2000.9699567
https://doi.org/10.1177%2F1934578X1000501031
https://doi.org/10.1177%2F095632020501600404
https://doi.org/10.3390/ijms9040606
https://doi.org/10.1016/j.foodchem.2009.07.021
https://doi.org/10.1093/jac/dkf112
https://doi.org/10.1055/s-0032-1315117
https://doi.org/10.1016/j.jep.2005.06.034

To Chemistry Journal Vol 6 (2020) ISSN: 2581-7507 https://purkh.com/index.php/tochem

Kebebew, Mulugeta, & Mohamed, Erchafo. (2017). Indigenous knowledge on use of medicinal plants by
indigenous people of Lemo district, Hadiya zone, Southern Ethiopia. International Journal of Herbal Medicine,
5(4), 124-135.

Knobloch, K, Weigand, H, Weis, N, Schwarm, HM, & Vigenschow, H. (1986). Progress in Essential Oil Research:
16th International Symposium on Essential Oils: Berlin: De Gruyter.

Li, H, Madden, JL, & Potts, BM. (1996). Variation in volatile leaf oils of the Tasmanian Eucalyptus species II.
Subgenus Symphyomyrtus. Biochemical Systematics and Ecology, 24(6), 547-569. https://doi.org/10.1016/0305-
1978(96)00040-3

Lo, P Cantore, Shanmugaiah, V, & lacobellis, NS. (2009). Antibacterial activity of essential oil components and
their potential use in seed disinfection. Journal of agricultural and food chemistry, 57(20), 9454-9461.
https://doi.org/10.1021/jf902333¢g

Marzoug, Hajer Naceur Ben, Romdhane, Mehrez, Lebrihi, Ahmed, Mathieu, Florence, Couderc, Francois,
Abderraba, Manef, . . . Bouajila, Jalloul. (2011). Eucalyptus oleosa essential oils: chemical composition and
antimicrobial and antioxidant activities of the oils from different plant parts (stems, leaves, flowers and fruits).
Molecules, 16(2), 1695-1709. https://doi.org/10.3390/molecules16021695

Masotti, Véronique, Juteau, Fabien, Bessiére, Jean Marie, & Viano, Josette. (2003). Seasonal and phenological
variations of the essential oil from the narrow endemic species Artemisia molinieri and its biological activities.
Journal of agricultural and food chemistry, 51(24), 7115-7121. https://doi.org/10.1021/jf034621y

Megersa, Moa, Asfaw, Zemede, Kelbessa, Ensermu, Beyene, Abebe, & Woldeab, Bizuneh. (2013). An
ethnobotanical study of medicinal plants in Wayu Tuka district, east Welega zone of oromia regional state, West
Ethiopia. Journal of ethnobiology and ethnomedicine, 9(1), 68. https://doi.org/10.1186/1746-4269-9-68

Meragiaw, Misganaw, Asfaw, Zemede, & Argaw, Mekuria. (2016). The status of ethnobotanical knowledge of
medicinal plants and the impacts of resettlement in Delanta, northwestern Wello, northern Ethiopia. Evidence-
Based Complementary and Alternative Medicine, 2016. https://doi.org/10.1155/2016/5060247

Mitscher, Lester A, Drake, Steven, Gollapudi, Sitaraghav R, & Okwute, Simon K. (1987). A modern look at folkloric
use of anti-infective agents. Journal of natural products, 50(6), 1025-1040. https://doi.org/10.1021/np50054a003

Monzote, Lianet, Montalvo, Ana M, Almanonni, Salah, Scull, Ramén, Miranda, Migdalia, & Abreu, Juan. (2006).
Activity of the essential oil from Chenopodium ambrosioides grown in Cuba against Leishmania amazonensis.
Chemotherapy, 52(3), 130-136. https://doi.org/10.1159/000092858

Morcia, Caterina, Malnati, Mauro, & Terzi, Valeria. (2012). In vitro antifungal activity of terpinen-4-ol, eugenol,
carvone, 1, 8-cineole (eucalyptol) and thymol against mycotoxigenic plant pathogens. Food Additives &
Contaminants: Part A, 29(3), 415-422. https://doi.org/10.1080/19440049.2011.643458

Mulyaningsih, S, Sporer, Frank, Zimmermann, Stefan, Reichling, Jirgen, & Wink, Michael. (2010). Synergistic
properties of the terpenoids aromadendrene and 1, 8-cineole from the essential oil of Eucalyptus globulus
against antibiotic-susceptible and antibiotic-resistant pathogens. Phytomedicine, 17(13), 1061-1066.
https://doi.org/10.1016/j.phymed.2010.06.018

Ogunwande, Isiaka A, Olawore, Nureni O, Adeleke, Kasali A, & Ekundayo, Olusegun. (2005). Volatile constituents
from the leaves of Eucalyptus cloeziana F. Muell and E. propinqua Deane & Maiden from Nigeria. Flavour and
fragrance journal, 20(6), 637-639. Pharmacopoeia, British. (2004). The Stationery Office British Pharmacopoeia.
https://doi.org/10.1002/ffj.1516

Saliu, BK, Usman, LA, Sani, A, Muhammad, NO, & Akolade, JO. (2011). Chemical composition and antibacterial
(oral isolates) activity of leaf essential oil of Ocimum gratissimum L. grown in North central Nigeria. International
Journal of Current Research, 33(3), 022-028.

Sartorelli, Patricia, Marquioreto, Alexandre Donizete, Amaral-Baroli, Adriana, Lima, Marcos Enoque L, & Moreno,
Paulo Roberto H. (2007). Chemical composition and antimicrobial activity of the essential oils from two species
of Eucalyptus. Phytotherapy Research, 21(3), 231-233. https://doi.org/10.1002/ptr.2051

@ ® 197



https://doi.org/10.1016/0305-1978(96)00040-3
https://doi.org/10.1016/0305-1978(96)00040-3
https://doi.org/10.1021/jf902333g
https://doi.org/10.3390/molecules16021695
https://doi.org/10.1021/jf034621y
https://doi.org/10.1186/1746-4269-9-68
https://doi.org/10.1155/2016/5060247
https://doi.org/10.1021/np50054a003
https://doi.org/10.1159/000092858
https://doi.org/10.1080/19440049.2011.643458
https://doi.org/10.1016/j.phymed.2010.06.018
https://doi.org/10.1002/ffj.1516
https://doi.org/10.1002/ptr.2051

To Chemistry Journal Vol 6 (2020) ISSN: 2581-7507 https://purkh.com/index.php/tochem

Sikkema, Jan, de Bont, Jan A, & Poolman, Bert. (1994). Interactions of cyclic hydrocarbons with biological
membranes. Journal of biological Chemistry, 269(11), 8022-8028.

Silvestre, Armando JD, Cavaleiro, JoséA S, Delmond, Bernard, Filliatre, Claude, & Bourgeois, Guy. (1997). Analysis
of the variation of the essential oil composition of Eucalyptus globulus Labill. from Portugal using multivariate
statistical analysis. Industrial Crops and Products, 6(1), 27-33. https://doi.org/10.1016/5S0926-6690(96)00200-2

Song, Aihua, Wang, Ying, & Liu, Yanmei. (2009). Study on the chemical constituents of the essential oil of the
leaves of Eucalyptus globulus Labill from China. Asian Journal of Traditional Medicines, 4(4), 34-140.

Subramanian, PA, Gebrekidan, Abraha, & Nigussie, Kebede. (2012). Yield, contents and chemical composition
variations in the essential oils of different Eucalyptus globulus trees from tigray, northern Ethiopia. Journal of
Pharmaceutical and Biomedical Sciences, 17.

Usman, LA, Zubair, MF, Adebayo, SA, Oladosu, IA, Muhammed, NO, & Akolade, JO. (2010). Chemical composition
of leaf and fruit essential oils of Hoslundia opposita Vahl grown in Nigeria.

Viturro, Carmen |, Molina, Ana C, & Heit, Cecilia I. (2003). Volatile components of Eucalyptus globulus Labill ssp.
bicostata  from  Jujuy, Argentina. Journal of Essential Oil Research, 15(3), 206-208.
https://doi.org/10.1080/10412905.2003.9712115

Whitman, BW, & Ghazizadeh, H. (1994). Eucalyptus oil: Therapeutic and toxic aspects of pharmacology in
humans and animals. Journal of paediatrics and child health, 30(2), 190a-191. https://doi.org/10.1111/j.1440-
1754.1994.tb00613.x

@ @ 198


https://doi.org/10.1016/S0926-6690(96)00200-2
https://doi.org/10.1080/10412905.2003.9712115
https://doi.org/10.1111/j.1440-1754.1994.tb00613.x
https://doi.org/10.1111/j.1440-1754.1994.tb00613.x

