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Abstract
Background: Echinops kebericho is an endemic medicinal plant in Ethiopia traditionally used for treatment of
various infectious diseases through different routes of administration such as inhalation, orally chewed, and
topically sprayed to affected area. This study investigated antibacterial activity of the essential oil (EO) and the
different fractions of ethanolic extract of Echinops kebericho tuber.

Results: MIC of EO ranged from 78.125 µg/ml – 625 µg/ml and it was most active against methicillin resistant S.
aureus (MRSA, NCTC 12493). Ethyl acetate fraction showed better activity against MRSA (NCTC 12493), MIC =
39.075 µg/ml followed by E. faecalis (ATCC 49532), MIC = 78.125 µg/ml and was least active against K.
pneumonia (ATCC 700603), MIC = 1250 µg/ml. MIC of hexane fraction ranged from 156.2- µg/ml to E. faecalis
(ATCC 49532) to 1250 µg/ml to E. coli (NCTC 11954). Chloroform fraction MIC ranged from 312.5 - 2500µg/ml;
while butanol fraction could be considered pharmacologically inactive as its MIC value is 2500 µg/ml for all and
no activity shown for E. coli (NCTC 11954). The MIC of DMSO against all strains ranged 12.5- 25 % w/v. The MIC
estimated by OD measurement correlated well with that of resazurin assay method.

Conclusion: Essential oil and ethyl acetate fraction showed noteworthy antibacterial activity, and MRSA was the
most susceptible strain. Further study, however, should be done to investigate the effect on the isolated active
component(s).

Background
Infectious diseases became a re-emerging contemporary global threat to human health with millions of infections
and thousands of annual deaths due to antimicrobial resistance (AMR)[1]. AMR is growing at a faster pace than
either discovery of new drugs or alternative approaches to tackle it, leaving common infections untreatable [2].
With this resurgence worldwide, the search for novel antimicrobials and alternative approaches to tackle the
problem is urgently needed. Modi�cation of existing antibiotics, rediscovering antimicrobials, repurposing
antimicrobials, combination treatment, looking for untested sources of antibiotics, and searching for compounds
found from chemists around the world are the possible sources of novel antibiotic discovery [3]. Plant based
molecules have promising potential for the discovery of novel antimicrobials or as adjuvants in modifying existing
antimicrobials [4, 5].

Among the many secondary plant metabolites, essential oils of different plant sources showed noteworthy
antibacterial activity [6, 7] and resistance modulatory effect [8]. The antibacterial activities of EO are mainly
attributed to the disruption of membrane enhancing the antibacterial activity of combined antibiotics by increasing
their in�ux [9]. This could contribute signi�cant potential in battling AMR as one of the main contributing factors to
the increased resistance in bacteria is the permeability barrier caused by their additional outer membrane [3]. The
EOs will infringe the outer membrane barrier restoring the activity of antibiotics. This has led to the exploration of
antibiotics-EO combinations in battling the antimicrobial resistance. Studies on antibiotics-EOs combinations from
various plant sources have shown synergistic activities [9]. Recently, there is renewed research focused in
discovering potential novel antibacterial agents and/adjuvants from plant Eos [5].

Echinops kebericho (Asteraceae) is an endemic medicinal plant which is used for the treatment of various
diseases [10]. Ethnomedicinal uses of E. kebericho have been recorded for human and livestock ailments.
Reported ailments treated by E. kebericho include wound infections, toothache tonsillitis, stomachache, gonorrhea,
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respiratory manifestations, febrile illness, lung tuberculosis, trypanosmiasis, typhoid, tonsilitis, tooth ache, typhus,
common cold, cancer, hypertension, colic, cough, and malaria [11–17]. It is also used to treat scabies, headache,
cough, fumigation during childbirth, and mosquito repellent [12]. It is formulated as a water decoction, infusion,
smoke inhaled, orally chewed, and topical sprayed to affected area [13, 15–17]. Echinops kebericho was also
reported to be used in veterinary practice where root tubers are powdered and mixed with water and given for black
leg disease, respiratory manifestations, liver disease, and skin infections [18]. Previous studies revealed �avonoids,
alkaloids, triterpenoids, resines, saponins and steroids [19, 20] as components and dehydrocostuslactone is also
identi�ed [20–23].

The extracts of E. kebericho exhibited a wide range of pharmacological effects including anti-helminthic,
antibacterial, antifungal, antidiarrheal, anti-spasmolytic and antimalarial activities. The methanolic root extract
and EO showed relatively strong effect [24, 25] which established a scienti�c basis for therapeutic uses of E.
kebericho. In vitro and in vivo studies have con�rmed the ethnomedicinal use [19, 26–28]. Antibacterial activities
from crude extracts [24, 29, 30] and EOs [25] were reported. Ivan reported anti-mycobacterium activity against
Mycobacterium smegmatis and signi�cant antimicrobial resistance modulatory effects [22]. Signi�cant activities
were reported against fungi (Aspergillus �avus and Candida albicans) [24], malaria parasite (Plasmodium berghei)
[19], Leishmania [26], earthworm [31], and Trypanosoma [32]. Echinops kebericho extract produced a dose
dependent reduction in intestinal propulsion and mean defecation comparable to loperamide [27] and EO
produced dose-dependent mosquito repellent activity [33] and moderate larvicidal activity [34]. .

However, the antibacterial activity to different multi-drug-resistant strains and various solvent fractions have not
yet been studied. The spectrum of activity and most active component of the extract were not elucidated. Herein,
we have determined the antibacterial activity of essential oils and fractions of crude extract to eight strains
belonging to �ve species of bacteria aimed at determining the spectrum of activity and identifying most
susceptible strains and paving a way for isolation of most active components against most susceptible strains.

Methods And Materials
Extraction of the plant material

Fresh plant tuber was collected from Andracha woreda, Sheka zone, Southwest Ethiopia. The tuber was collected
after �owering time in November in the morning as this season was commonly harvesting time. The plant
specimen was identi�ed by a taxonomist from Addis Ababa University and voucher specimen (voucher number
SD-001/2018) was deposited at the National Herbarium, Department of Biology, and Addis Ababa University. The
tuber was rinsed with running water to remove dirt materials. It was then air-dried in shade place away from sun
light. In four cycles, �ve hundred gram of the plant material was soaked with 2 liters of ethanol for 48 hour under
agitation. Pounded plant material was dissolved in water in 1/5 (w/v) ratio in a round bottom glass �ask and
subjected to hydro-distillation for 3 hours using Clevenger type apparatus. The EO was collected, and the volume
and weight were measured.

The ethanolic extract was evaporated on rotary evaporator. Then, dried extract was soaked in distilled water in a
separatory funnel. An equal volume of hexane was added, shaken carefully, and allowed to stand until two layers
were formed. The hexane layer was separated and the process was repeated three times. Chloroform and n-
butanol fractions were prepared following same procedure. The residue of ethanolic extract was soaked in ethyl
actate and re-extracted.
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Microorganisms

The bacteria strains used were Staphylococcus aureus (ATCC 29213), S. aureus (MRSA) (NCTC 12493),
Enterococcus faecalis (ATCC 29212), Enterococcus faecalis (ATCC 49532), Pseudomonas aeruginosa (ATCC
27853), Escherichia coli (ATCC 25922), E. coli (NCTC 11954), and Klebsiella pneumoniae (ATCC700603).

Preparation, Storage And Testing Reagents

Resazurin was prepared at 0.015% by dissolving 0.015 g in 100 ml of PBS, vortexed, sterilized by micro�ltration
and stored at 40c [35].

Preparation And Serial Dilution Of The Extract Solution

Essential oils and fractions/extracts were dissolved in dimethyl sulfoxide (DMSO) for antibacterial activity assay.
The �nal concentration of DMSO was less than or equal to 2%. The stock solution of the extract prepared was
5 mg/ml. This solution was serially diluted with broth forming testing solution ranging from 2.5 to
0.004883 mg/ml. A stock concentration of 128 µg/ml of cipro�oxacillin was prepared serially diluted with the
broth forming testing solution ranging from 0.0625 to 64 µg/ml. DMSO was also serially diluted with broth.

Preparation And Standardization Of Inoculum

The inocula were prepared in accordance with the Clinical and Laboratory Standards Institute (CLSI)
recommendation and standardized to 0.5 McFarland turbidity standards equivalent to 1 × 108CFU/ml using
inoculum densitometers. Then it was further diluted to obtain the desired cell density of 5 × 105 CFU/ml [36].
Brie�y, an equivalent of 0.5 McFarland suspensions (1 × 108CFU/ml) inoculum was prepared and then diluted 1:20
to yield 5 × 106CFU/ml using saline media. Then, 0.02 ml of this suspension is inoculated into 0.18 ml of broth
yielding �nal concentration of bacteria approximately equal to 5 × 105 CFU/ml.

Minimum Inhibitory Concentration Determination

Minimum inhibitory concentration of the EO was determined using broth micro-dilution method [37] and CLSI
guideline procedures and safety precautions were strictly followed [38]. Stock solution of EOs in 2% dimethyl
sulfoxide (DMSO) was prepared and then serially diluted in ten two-fold. The 96-well plates were prepared by
dispensing into each well �rst with 100 µl MHB. The EO and the fractions of 100 µl were added in the �rst well and
then serially diluted up to the tenth well and the excess 100 µl removed from the tenth well. Finally 100 µl ofMHB
mixed with inoculum was added from the �rst to eleventh well. The 11th well contains the broth without the
intervention while the 12th contains broth without inoculum and intervention. The �nal volume in each well was
200 µL. The bacteria were incubated for 24 h at 36- 37oC. The MIC of DMSO was also evaluated as negative
control while cipro�oxacin as positive control. Prior to use, the broth was checked for sterility and fertility.
Microbial growth was indicated by an irreversible change in color from the blue of resazurin to pink resofurin after
20 hours of incubation. Minimum bactericidal concentration (MBC) was determined by re-culturing from four well
plates which have concentration equal to or greater than the MIC. The plates on which bacterial grow starts to be
seen was considered MBC. Measurement of optical density (OD) at 620 nm were taken at 0, 2 4 18 and 24 hours.
Graph of time versus absorbance (OD) versus concentration was plotted at time 0 h, 2 h, 4 h, 18 h, and 20 h. The
plot at 18 h and 20 h were compared with resazurin assay value for MIC.
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Results
Essential oil components and fractions of ethanolic extrat of E. kebericho tuber yield

The yield of the EO was 0.18% w/v of dried weight. The fractionation of 96.7 g of ethanolic extract yielded 34.5 g
hexane, 34.6 g ethyl acetate, 14.5 g chloroform, and 13.1 g butanol fractions. The yield of ethanolic extract was
6.04%, while that of ethyl acetate residual extract was 2.16% (Fig. 1).

Effect of essential oil of E. kebericho tuber on the bacterial strains

Moderate antibacterial activity of the EO was observed against the tested strains. The activity against methicillin
resistant S. aureus was the highest; while least antibacterial activity was observed against S. aureus (ATCC
29213), E. fecalis (ATCC 49532), K. pneumonia (ATCC 700603), P. aeuroginosa, ATCC 27853, and E. coli (ATCC
25922). The MIC value of the EO ranged from 78.125-625 µg/ml. The MBC value ranged from 0.1562 to
2.5 mg/ml. Sensitivity to EO varied even among strains of the same species. DMSO did not show inhibition at
concentration used for dissolving (2%) and its MIC value ranged 12.5–25% w/v (Table 1).

Table 1
Mean Inhibitory and bactericidal concentration of Echinops kebericho EO against bacterial species

  Microorganisms Essential oil Cipro�oxacillin Dimethyl sulfoxide

MIC (µg/ml) MBC
(µg/ml)

MIC (µg/ml) MIC (% W/V)

1. S. aureus, ATCC 29213 625 1250 0.5 12.5

2. S. aureus (MRSA), NCTC 12493 78.125 156.2 4 12.5

3. E. fecalis, ATCC 29212 156.2 156.2 2 12.5

4. E. fecalis, ATCC 49532 625 1250 4 12.5

5. K. pneumonia, ATCC 700603 625 2500 8 25

6. E. coli, ATCC 25922 625 1250 4 25

7. E. coli, NCTC 11954 312.5 625 8 25

8. P. aeuroginosa, ATCC 27853 625 1250 1 12.5

Graph of OD versus concentration plotted at 18 h and 20 h showed MIC and dose dependent effect. The OD of EO
treated group is rapidly falling possibly due to bactericidal reducing the viability and the loss of EO through
evaporation. The OD measurements at 18 h and 20 h indicated the MIC values and the concentration dependent
effect of the EO on bacterial cells and well correlated with the value determined using resazurin assay (Fig. 2).

Effect of fractions of ethanolic extract of E. kebericho tuber on the bacterial strains

Of all fractions tested, ethyl acetate fraction showed highest activity followed by hexane fraction, and the butanol
fraction showed the least activity of all. MRSA was the most susceptible followed by E. fecalis (ATCC 49532);
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while E. coli (NCTC 11954) was the most resistant strains among the tested strains. No bactericidal activity was
observed against E. coli (NCTC 11954) in the tested concentration range (Table 2).

Table 2
Mean Inhibitory and bactericidal concentrations of Echinops kebericho fractions against bacterial species

  Microorganisms Hexane fraction Ethyl acetate
fraction

Chloroform
fraction

Butanol fraction

MIC
(µg/ml)

MBC
(µg/ml)

MIC
(µg/ml)

MBC
(µg/ml)

MIC
(µg/ml)

MBC
(µg/ml)

MIC
(µg/ml)

MBC
(µg/ml)

2. S. aureus, ATCC
29213

625 1250 312.5 - 2500 - 2500 -

3. S. aureus, NCTC
12493

625 625 039.075 78.125 312.5 625 2500 -

4. E. fecalis, ATCC
29212

625 1250 156.2 312.5 2500 - 2500 -

5. E. fecalis, ATCC
49532

156.2 625 78.125 156.2 1250 - 2500 -

6. K. pneumonia,
ATCC 700603

625 1250 1250 - 2500 - 2500 -

7. E. coli, ATCC
25922

312.5 625 312.5 625 1250 - 2500 -

8. E. coli, NCTC
11954

1250 - 625 - 2500 - - -

9. P. aeuroginosa,
ATCC 27853

312.5 1250 312.5 625 2500 - 2500 -

MIC is minimum inhibitory concentration; MBC is minimum bactericidal concentration

Effect of fractions of ethanolic extract of E. kebericho tuber on S. aureus strains

The methicillin resistant strain (NCTC 12493) was more susceptible compared to the wild type (ATCC 29213) to all
E. kebericho fractions. Butanol fraction showed equal effect on both S. aureus strains, and it was the least
effective fraction against both strains. The ethyl acetate fraction was the most active fraction against MRSA, while
hexane fraction had better activity against wild type (Fig. 3).

Effect of the fractions of ethanolic extract of E. kebericho tuber on E. fecalis strains

Ethyl acetate fraction showed the highest activity followed by hexane fractions among all fractions. The butanol
fraction was the least active fraction. Ethyl acetate and hexane fractions showed higher activity against resistant
strains (ATCC 49532) compared to wild types (ATCC 29212) (Fig. 4).

Effect of the fractions of ethanolic extract of E. kebericho tuber on E. coli strains
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E. coli strains were the most resistant strains to E. kebericho fractions among all tested strains. Wild types were
more susceptible compared to mutant resistant strains. Butanol fractions had the least activity followed by
chloroform fraction (Fig. 5).

Effect of the fractions of ethanolic extract of E. kebericho tuber on K. pneumonia (ATCC 700603) and P.
aeuroginosa (ATCC 27853)

Similar to other species, ethyl acetate fraction showed the highest activity among all fractions, and the butanol
fraction was the least active fraction. P. aeuroginosa appeared to be more susceptible compared to K. pneumonia
(Fig. 6).

Discussion
Eight strains of bacteria belonging to �ve species investigated for antimicrobial susceptibility to EO and
fractions/extract of E. kebericho demonstrated a range of susceptibilities. Essential oil and ethyl acetate fraction
exhibited higher activity against most bacteria tested compared to the fractions perhaps due to the presence of the
most active component(s) in the EO. Resazurine assay method worked and matched well with OD measurement.
However, the OD measurement value for EO was dropping with time due to evaporation. The reduction of OD
measurement decreased the concentration of EO and consequently its activity. The orders of activity of the
fractions were ethyl acetate followed by hexane fraction and then chloroform and �nally butanol fraction was the
least active. The highest antibacterial effect of ethyl acetate fraction could be attributed to the type of chemical
compound present in the fraction indicating the component(s) is/are most active. N-hexane removes all non-polar
compounds, chloroforms all pigments (such as chlorophyll), and while ethyl acetate takes all biological active
compounds and n-butanol extracts all other hydrocarbons. The results of previous studies [39] were in agreement
to those of the present study where extraction by different solvents showed different activities. The highest
antibacterial activity of ethyl acetate fraction compared to crude extract and/or fractions were also reported in
previous studies [40, 41].

Gram-positive species were more susceptible to both the EO and fractions compared to gram-negative species.
Signi�cant variation in the activity of the same fraction towards strains of the same species was observed in the
case of S. aureus and E. feacalis. In both cases, resistant strains were more susceptible compared to wild type.
Methicillin resistant S. aureus (MRSA), mecA positive was more susceptible to EO and ethyl acetate fraction
compared to a wild type strain ATCC 29213. Similar �nding was also recorded with epigallocatechin Gallateb
(plant extract) where S. aureus ATCC 29213 was less susceptible compared to MRSA strains, possibly due to an
increasing a�nity of the extract to mutated proteins of MRSA [42]. Mutation is an energy demanding process, and
it results in increased susceptibility to a naive stress compared to wild type. Previous studies had outlined
increased overall antibiotic susceptibility to new antimicrobial agents in S. aureus mutants [43]. The increased
susceptibility of mutant strains of S. aureus and E. feacalis in the current study could indicate that mutation
favors susceptibility.

Greater susceptibility of gram-positive species compared to gram-negative was ascribed to differences in their cell
wall structures. The gram-negative outer membranes are diffusional barriers making bacteria less susceptible to
many antimicrobial agents [44]. Gram-positive mutant strains were susceptible compared to wild type but more
resistance was observed in gram-negative mutant strains. This could be due to membrane alteration in gram-
negatives favoring more resistance which was also shown in previous study where reduced outer membrane
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permeability contributed to enhanced resistance of E. coli O157:H7 to antimicrobial agents [45]. Gram-positive
bacteria are known to be more susceptible to EO than gram-negative bacteria. E. coli was least susceptibile to EO
in the present study which was in agreement with the previous �nding [46]. Resistance of gram-negative bacteria
was in most cases ascribed to the presence of complex resistant outer membrane [47, 48].

The antibacterial activity of the EO could be attributed to their membrane disruptive property [49]. Cinnamon EO,
for example, have been reported to damage cell membrane; alter lipid pro�le; inhibit ATPases, cell division,
membrane porins, motility, and bio�lm formation; and anti-quorum sensing effects. In general, EOs destabilize the
cellular architecture, leading to the breakdown of membrane integrity and increased permeability, which interrupts
many cellular activities, including energy production, membrane transport, and other metabolic regulatory
functions. Membrane disruption affects various vital cellular processes, nutrient processing, the synthesis of
structural macromolecules, and the secretion of growth regulators [50]. The �ndings of the current study where
more non-polar fractions and EO possess higher antibacterial activities could be due to the membrane disruptive
potential.

From a clinical perspective, natural products exhibiting antibacterial activities with MIC values over 1 mg/ml have
little relevance as a number of relatively inert substances may display activity at this and/or above concentration
[51]. Butanol fraction could be considered pharmacologically inactive as MIC of all of the strains was greater than
or equal to 2.5 mg/ml indicating the removal of active components by more non-polar solvents. Previous studies
on the plant had also indicated better activity of EO and non-polar components [22, 52]. Researchers consider that
only plant extracts with MICs lower than 0.1 mg/ml are interesting in a search for potential new antibiotics [53].
The current study, thus, revealed that the EO and ethyl acetate fraction deserve further research for new potential
antibacterial agents.

The OD of EO had decreased from baseline value which could possibly be due to either volatilization of the EO at
incubation temperature (36-370c) or increased solubility at increased temperature. If the reduction in OD is due to
volatilization, this would have reduced the antibacterial activity. Essential oils therapeutic utilization was highly
impaired by their chemical instability including volatilization and auto-oxidation in air. Microencapsulation has
been utilized for stabilizing and worked well in the previous study [54]. Their toxicity pro�le in systemic use has not
yet been fully explored though some small studies elucidated their safety. With their limited data on systemic use,
they can still continue to be used for topical purposes. Our recent reviews established EO as viable topical anti-
infective agents [55].

In conclusion, this study revealed noteworthy antibacterial activities of EO and ethyl acetate fraction of ethanolic
extract of E. kebericho tuber. MRSA was the most susceptible strain and resistant gram-positive strains were more
susceptible compared to wild type. Further study, however, should be done to investigate the antibacterial effect of
the isolated active component(s).

Acronyms
ATCC: American Type Culture Collection

CLSI: Clinical and Laboratory Standards Institute

DMSO: Dimethyl sulfoxide,
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EO: Essential oil

MBC: Minimum bactericidal concentration

MHB: Muller-Hinton broth

MIC: Minimum inhibitory concentration

MRSA: Methicillin-resistant Staphylococcus aureus

NCTC: National Collection of Type Cultures

OD: Optical density
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Figures

Figure 1

Depicts the extraction procedure and the yield
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Figure 2

Graph of concentration versus absorbance (optical density) showing growth curve, MIC and dose dependent effect
on EO treated bacteria. The MIC can be considered where the graph of the curve for the 18 hour or 20 hour crosses
or approximates x=0 line. Number 1-8 respectively indicates bacterial strains; ATCC 29213, NCTC 12493, ATCC
29212, ATCC 49532, ATCC 700603, ATCC 25922, NCTC 11954, and ATCC 27853.

Figure 3

Graph of OD versus concentration showing growth curve, MIC and dose dependent effect on S. aureus (ATCC
29213 and NCTC 12493). The MIC could be considered where the curve of graph for the 18 hour and /or 20 hour
crosses or approximates x=0 line. Figures numbered 1-4 indicate MRSA (NCTC 12493) while 5-8 indicate ATCC
29213. Note: But._fraction = butanol fraction, Chlor_fraction = Chloroform fraction, EA_fraction = Ethyl acetate
fraction.
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Figure 4

Graph of OD versus concentration showing growth curve, MIC and dose dependent effect on E. fecalis (ATCC
29212, ATCC 49532). The MIC could be considered where the graph of the curve for the 18 hour and /or 20 hour
crosses or approximates x=0 line. Figures numbered 1-4 indicate resistant strains (ATCC 49532) and 5-8 indicate
the wild type (ATCC 29212). Note: But_fraction = butanol fraction, Chlor_fraction = Chloroform fraction,
EA_fraction = Ethyl acetate fraction.

Figure 5

Graph of OD versus concentration showing growth curve, MIC and dose dependent effect on E. coli (ATCC 25922,
ATCC 11954). The MIC could be considered where the graph of the curve for the 18 hour and /or 20 hour crosses
or approximates x=0 line. Figures numbered 1-4 indicate the resistant strains (ATCC 11954) and 5-8 indicated the
wild type (ATCC 25922). Note: But_fraction = butanol fraction, Chlor_fraction = Chloroform fraction, EA_fraction =
Ethyl acetate fraction.
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Figure 6

6: Graph of OD versus concentration showing growth curve, MIC and dose dependent effect on P. aeuroginosa
(ATCC 27853) and K. pneumonia (ATCC 700603). The MIC could be considered where the curve of the graph for
the 18 hour and /or 20 hour crosses or approximates x=0 line. Figures numbered 1-4 indicate K. pneumonia (ATCC
700603) and 5-8 indicate P. aeuroginosa (ATCC 27853). Note: But_fraction = butanol fraction, Chlor_fraction =
Chloroform fraction, EA_fraction = Ethyl acetate fraction.


