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(e aim of the present study was to determine the chemical composition of eight plant essential oils and evaluate their anti-
bacterial activity against Escherichia coli strains isolated from different turkey organs. (e essential oils were extracted by
hydrodistillation and analyzed using gas chromatography-mass spectroscopy. All essential oil yielded high in a range between 2.2
and 3.12%. Gas chromatography-mass spectroscopy (GC-MS) revealed that the major constituents of )ymus vulgaris, Ocimum
basilicum, Artemisia herba-alba, and Syzygium aromaticum oils were thymol (41.39%), linalool (37.16%), camphor (63.69%), and
eugenol (80.83%), respectively. Results of the E. coli sensitivity evaluated by the standard antimicrobial sensitivity method varied
depending on the organ of isolation. Similarly, the essential oils antimicrobial activity determined by the disc diffusion method
varied all along within the organs of isolation. T. vulgaris essential oil showed the highest effective antibacterial activity against
E. coli isolated from the throat with an inhibition zone diameter value of up to 23.33mm. However, all the essential oils showed
antibacterial activity and the MIC andMBC values were in the range of 1/3000 to 1/100 (v/v) and the ratios MBC/MIC were equal
to 1. In conclusion, this study showed that the essential oils could be promising alternatives to overcome E. coli multiresistance
in turkey.

1. Introduction

Poultry is the second most widely eaten meat worldwide
accounting for over 35% of the world’s consumed meat [1].
In fact, to match the increasing demand of the consumers, all
along with their requirements in terms of quality and taste,
the use of antibiotics as growth promoters has been imposed
in the poultry industry. Nowadays, it has become a wide-
spread practice in poultry breeding. (e main roles of an-
tibiotics are to control infectious animal diseases, increase
their weight, and improve their performance [2]. Avian
colibacillosis is an example of a serious poultry disease

caused by avian pathogenic Escherichia coli strains, and it
could be spread by fecal-oral cycle, contaminated dust, and
hatched egg residues [3]. Several studies have shown that
poultry is a very important source of contamination for
humans and a large number of potential human pathogenic
bacteria species are found in poultry meat, e.g., Enterococcus
faecalis, Enterococcus faecium, Staphylococcus aureus [4],
and Salmonella enterica [5]. A recent meta-analysis of Eu-
ropean published surveys between 2000 and 2017 revealed
that S. aureus is the main pathogen detected in poultry meat,
followed by Campylobacter spp. [6]. Contaminated food
with pathogenic microbes causes a variety of symptoms
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known as food-borne diseases and these symptoms vary
from mild to severe and sometimes fatal [7]. Meat handlers
and consumers are at risk of food-borne infections from
E. coli that are resistant to most antibiotics in use [8]. In the
last few years, the overuse of antibiotics in poultry breeding
and other industries has led to the appearance of antibiotic
residues and antibiotic resistant bacteria which has nu-
merous threats to the environment and the consumers’
health [9]. Antibiotic residues alter the microbial pop-
ulation and create a selection pressure towards resistant
strains in the environment, and the consumption of an-
tibiotic-containing meat products alters the human
microbiome with threats of emerged resistant strains in the
human body or altering the benefits of the symbiotic
bacteria [10]. Furthermore, some antibiotic residues or
their metabolic derivatives may lead to some health effects
on humans; even though the direct mechanism is not well
understood, a couple of studies suggest that antibiotic
residues are associated with obesity, carcinogenicity, re-
productive effects, and teratogenicity [11]. Apata [12]
reviewed the antibiotic resistance in poultry and provided
multiple examples like the use of fluoroquinolones anti-
biotic and the emergence of resistant Campylobacter in 10%
of human Campylobacter diseases found in the area of the
antibiotic introduction.

Banning the use of antibiotics as growth promoters
remains possible and presents a major challenge for
poultry meat production, hence the need to find new
methods or alternatives in order to overcome this
problem [13, 14]. Natural substances are in great demand
in the field of bio-farming also known as organic farming
systems, and thus plant derivative products are gaining
increased attention at different levels in the chain in-
dustry, mainly as immune-modulators [15]. Plant de-
rivatives not only have the potential of antibiotic
alternatives in terms of growth promoters and disease
control [16] but also have the potential to increase meat
and egg quality [17, 18]. Furthermore, encapsulated
essential oils have been shown to be effective to control
necrotic enteritis in broiler chickens [19]. Moreover, EOs
have been tested as natural food additives for protection
and flavouring purposes [20]. Overall, Adaszyńska-
Skwirzyńska and Szczerbińska [21] have shown strong
evidence of essential oils’ positive effects on the growth,
health, and quality of poultry meat. Many essential oils
and plant extracts have been widely used in traditional
medicine and nowadays are gaining increased attention
in modern medicine, cosmetic practices, and agricultural
and food industry [22, 23]. However, their potential
application in animal production, especially poultry,
remains largely unexploited.

(e objective of this work was to search for new al-
ternatives to antibiotics used in the poultry industry. And
therefore, eight EOs of Moroccan aromatic plants were
tested regarding their antimicrobial activity against E. coli
isolated from different raw turkey organs. (e choice of
these plants was made after a preliminary study that in-
cluded more than 20 plants that are popular in Morocco and
used for various practices [24, 25].

2. Materials and Methods

2.1. Plant Material. (e plants used in this study were as
follows: )ymus vulgaris, Artemisia herba-alba, Ocimum
basilicum, Syzygium aromaticum, Eucalyptus globulus,
Mentha pulegium, Mentha spicata, and Rosmarinus offici-
nalis. Samples were collected from various areas of Morocco,
brought to our laboratory, and prepared for the EOs
extraction.

2.2. Microorganism. (e study was carried out on 168
samples from different parts of the turkey meat: breast
(n� 24), liver (n� 24), thigh (n� 24), upper thigh (n� 24),
throat (n� 24), garlic (n� 24), and skin (n� 24). Each
sample was collected in the morning and placed in a sterile
stomacher bag and then transported to the laboratory in a
cooler (4°C). Upon arrival, the samples were immediately
analyzed in three repetitions. A portion of 25 g of each
sample was cut aseptically and then crushed carefully using a
chopper Ultra-Turrax and then added in an Erlenmeyer flask
containing 225ml of sterile physiological water, from which
we have prepared a tenfold dilution series ranging up to 10−6

(NM 08.0.117, 2007). E. coli isolation was carried out on
MAC Conckey (CM 105 Oxoid, Germany) medium by
cooling 1ml of each dilution on the plate and cultured for
24 h at 37°C (NM 08.0.127, 2012). Colonies of big size
(>0.5mm diameter) and surrounded with a dark pink area
were considered to be E. coli colonies. (e identification of
isolated E. coli strains was done on a total of 168 analyzed
samples, and 82 isolates of E. coli were identified. (e
identification was carried out with a classical gallery and the
confirmation was made by the gallery API 20E identification
system (bioMerieux, France).

2.3. Antibiotics. (ree antibiotics were selected as positive
checks based on the resistance-sensibility profiles of the
studied E. coli collection [26]. And they were as follows:
streptomycin (ST) 300 μg, colistin (CT) 50 μg, and genta-
micin (GT) 15 μg. (e antibiotics were kindly provided by
the National Hygiene Institute in Rabat, Morocco.

2.4. EOs Extraction. Plant samples were powdered and
macerated in distilled water for 24 h in a ratio of 1/10 (g/ml).
(en, the EOs were obtained by 3 h hydrodistillation using
the Clevenger-type system. EOs were collected, determined
for extraction yield, and stored in screw-capped glass vials at
4°C until use.

2.5. GC-MS Analysis. Chromatographic analyses of eight
essential oils were carried out in CNRST institute, Morocco:
1 μl of the liquid of each sample was dissolved in an ap-
propriate volume of chloroform. (e profile of volatile
compounds was characterized by gas chromatography (GC)
(Hewlett Packard 5890 II) coupled to mass spectrometry
(MS) (Hewlett Packard 5972 MSD operating in the EI mode
at 70 eV) equipped with a VB-5 capillary column (meth-
ylpolysiloxane 5% phenyl) (30m× 0.25mm) with a film
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thickness of 0.25 μm, an FID detector set at 300°C and
supplied by a mixture of H2/Air-gas, and a split-splitless
injector set at 220°C. 1 μl of the soluble extract was injected
into the column by 1 : 50 split mode using helium as carrier
gas at 1.4mlmin−1. (e temperature was programmed from
40 to 300°C at 4°C/min and a plateau of 5 minutes at the final
temperature. (e identification of the compounds was based
on the comparison of their relative retention indexes and
mass spectra with those of NIST 98 and Wiley 275 library
data. (e percentages relative of the compounds were ob-
tained electronically from area percent data.

2.6. Antibiotics Sensitivity. In this study, 3 antibiotics were
chosen according to their natural spectrum, their authori-
zation in poultry production, and their wide use in the
treatment of avian colibacillosis in Morocco [27]. (e an-
tibiotics sensitivity was carried out following the standard
antimicrobial sensitivity method [28] using Mueller-Hinton
medium (CM 0337 Oxoid, UK), and antibiotic discs
((ermo Scientific™ Oxoid™, Sweden). (e bacterial sus-
pension was prepared from viable colonies for 24 to 48 h,
well homogenized in 8.5% NaCl solution. After inoculum
preparation, flood inoculation was performed on the entire
surface of the nutrient Mueller-Hinton agar medium (CM
0337 Oxoid, England). From the application of the discs
impregnated with specific antibiotics to be tested, the an-
tibiotics diffuse uniformly. After incubation, at 36± 1°C, for
24 h, the discs were surrounded by circular zones of inhi-
bition. (e strains were categorized as sensitive (S), inter-
mediate (I), or resistant (R) according to the critical
diameters provided by the Antibiogram Committee of the
French Microbiology Society [29, 30]. (e E. coli reference
strain ATCC® 25922™ was used as a control strain (Table 1).

2.7. EOs Antibacterial Tests

2.7.1. Antibacterial Activity Screening. (e antibacterial
activity of the EOs was evaluated by the disk diffusion
method which is recognized as reliable and reproducible; it is
mainly used in a preliminary stage of the in-depth studies
because it gives access to qualitative results [31, 32]. (e
method was used with slight modifications [33]. Briefly, it is
based on depositing a sterile disk, pre-soaked in EOs, on a
bacterial carpet at the beginning of the growth and mea-
suring the zone where the bacteria could not develop: the
inhibition zone diameter value, which reflects the antibac-
terial activity of the EOs.

A bacterial suspension of density equivalent to 0.5
McFarland standards (108 CFU/ml) was prepared and then
diluted to 1/100. 15ml of Mueller-Hinton agar medium was
poured on per Petri dish. 2ml of the inoculumwas deposited
on each Petri dish. After 5 minutes of impregnation, the
excess inoculum was removed. On the surface of each Petri
dish, the sterile filter paper discs of 6mm (Whatman paper
No. 1, Oxoid) were impregnated with 15 μl EOs and placed
on the inoculated Petri dishes. After having remained at 4°C
for 2 h, the Petri dishes were incubated at 37°C for 24 h [34].
After incubation, the inhibition zone diameter was

measured in millimeters, including the disk’s surface. Each
test was performed three times in three successive
experiments.

2.7.2. Minimum Inhibitory Concentration (MIC). (e
minimum inhibitory concentration (MIC) is defined as the
smallest concentration of the product for which no bacterial
growth is visible compared to the control, after an incu-
bation time at 37°C for 24 h [35].

(e minimum inhibitory concentrations (MIC) of es-
sential oils were determined according to the method re-
ported by Remmal et al. [36] and Satrani et al. [37]. Due to
the non-miscibility of the essential oils with water and
therefore with the culture medium, the emulsification was
carried out using a 0.2% agar solution in order to facilitate
the germ/compound contact.

Dilutions were prepared at 1/10th, 1/25th, 1/50th, 1/100th,
1/200th, 1/300th, and 1/500th in this agar solution. 1ml of each
of the dilutions was added so as to obtain the final con-
centrations of 1/100, 1/250, 1/500, 1/1000, 1/2000, 1/3000,
and 1/5000 (v/v). (e tubes were then shaken well before
pouring them into Petri dishes. Controls, containing the
culture medium and the 0.2% agar solution alone, were also
prepared.(e experiment was carried out in triplicate and the
MIC was determined by the lowest EO concentration that
totally inhibits bacterial growth.

2.7.3. Minimal Bactericidal Concentration (MBC). MBCwas
used to reconfirm the results of MIC by determining the
number of surviving organisms through observing the
growth of the bacteria. (e minimum bactericidal con-
centrations (MBCs) were done on the nutrient agar poured
into Petri dishes, which were streaked with the contents of
the dishes having a concentration≥MIC in the previous
dilution series [38]. (e MBCs determined from the test
dishes showing no visible growth during the MIC experi-
ments were inoculated by using the plates which had fresh
Mueller–Hinton agar. (e inoculated dishes were incubated
for 24 h at 37°C. (e experiment was carried out in triplicate
and the concentration at which no growth was observed
visibly from the plates was recorded as the MBC of the EOs
that can kill more than 99.9% of the initial bacterial inoc-
ulum [39].

2.7.4. Antibacterial Effect Interpretation. (e ratio MBC/
MIC was calculated to determine the efficacy and the bac-
tericidal/bacteriostatic effect on the bacterial growth of
E. coli [39]. If the MBC/MIC is ≤4, then the effect is bac-
tericidal, while if MBC/MIC is >4, then the effect is bac-
teriostatic [40].

2.8. StatisticalAnalysis. All experimental data were analyzed
using analysis of variance (ANOVA), at a significance level
of P< 0.01. (e data are expressed as percentages values for
each measurement.
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3. Results

3.1. Extraction Yield. (e plant species tested in this study
indicate moderate yields of EOs obtained by distillation,
which varies between the eight plants from 2.2 to 3.12%
(Table 2).

3.2. Chemical Constituents of Essential Oils. (e chemical
composition of the eight EOs that was analyzed by GC-MS is
given in Table 3 all together with the percentage of each
molecule and the total cumulative areas of all the constit-
uents. Results show that the major compounds of T. vulgaris,
O. basilicum, A. herba alba, M. spicata, M. pulegium,
R. officinalis, E. globulus, and S. aromaticum were thymol,
linalool, camphor, carvone, neo-menthol, eucalyptol (1.8
cineole), and eugenol, respectively.

3.3. Antibiotics Sensitivity. Results of the antibiotics sensi-
tivity are presented in Table 4. All isolates from the seven
organs were sensitive to gentamicin. Isolates from the thigh
and breast were resistant to both streptomycin and colistin at
the same time, while isolates from the upper thigh and liver
were resistant to streptomycin and colistin, respectively.
However, colistin and streptomycin had either medium or
high activity against the rest of the isolates.

3.4. EOs Antimicrobial Activity. (e screening for antimi-
crobial activity was done by the disc diffusion method and
results are presented in Table 5. All the EOs exhibited an-
tibacterial activity and could be grouped into 3 groups: (a)
E. globulus, M. pulegium, M. spicata, and R. officinalis with a
zone of inhibition around <10mm; (b) A. herba-alba,
O. basilicum, and S. aromaticum with a zone of inhibition
between 10 and 20mm; and (c) T. vulgaris which was the
most effective EO against almost all the isolates with a zone
of inhibition around 20mm.

3.5. Measurement of the Antibacterial Activity of EOs. (e
minimum inhibitory concentration MIC and the minimum
bactericidal concentration MBC and their ratio MIC/MBC
were done to measure the antibacterial activity of the EOs
and to determine whether they act as bacteriostatic or
bactericidal agents and the results are presented in Table 6.

4. Discussion

Antibiotics resistance has been a rising issue during the past
couple of decades, and the poultry industry contributed to
the problemmainly by excessive use of these antibiotics [41].

Indeed, our results showed streptomycin and/or colistin
resistant E. coli strains from different turkey organs. Anti-
biotic multiresistant bacteria are a serious threat to both
animal and humans’ health and difficult to cure as they resist
commonly used antibiotics [42]. However, our experiments
showed that gentamicin was effective against all the isolates.
Previous studies have reported the effectiveness of genta-
micin against E. coli strains with a sensitivity reaching up to
90% [43]. Filali et al. [44] reported a 100% efficacity of
colistin against E. coli strains isolated from chickens with
colisepticaemia. Furthermore, other pathogenic bacteria
isolated from poultry meat such as Salmonella [45], Listeria
[46], and Campylobacter [47] have also developed antibiotic
resistance towards one or more antibiotics. Chaiba et al. [48]
spotted Methicillin-resistant S. aureus isolated from poultry
farmers and chicken slaughters which stresses even more the
fact that poultry could be a reservoir for antibiotic resistant
microbes that could easily infect humans especially those
with direct contact like farmers.

In this context, alternatives to antibiotics are an urgent
need to reduce their use in the poultry industry, i.e., plant
essential oils. (ese plant derivatives are rich in secondary
metabolites that could play a variety of functions in plant
defense mechanisms towards herbivores and pathogenic
bacteria and fungi. Plant secondary metabolites can act in a
selective or non-selective way to trigger cell death. Fur-
thermore, EOs are rich in hydrophobic molecules that could
simply disrupt cell membrane fluidity and/or functionality
[49]. Numerous studies were published about the use of EOs
as antimicrobial agents, and especially against food-borne
pathogens and their potential use in the food industry [50].
Regarding the yields, M. pulegium EO was the highest yield
found in our study (3.12%) which was slightly similar to
3.30% found by Hmiri et al. [51]. (e second yield in our
study was obtained from E. globulus (3%); this value is close
to 2.5% found by Farah et al. [52]. T. vulgaris and A. herba-
alba yielded 2.2% and 2.84% EO in our work which is
significantly higher than reported yields from eastern Mo-
rocco (1%) [53] and Tunisia (0.65%) [54], respectively.

Table 2: (e essential oil yields.

Plant species EOs yield (%)
T. vulgaris 2.2
A. herba-alba 2.84
O. basilicum 2.1
S. aromaticum 2.34
E. globulus 3
M. pulegium 3.12
M. spicata 2.25
R. officinalis 2.75

Table 1: Phenotypic characterization of the antibiotic resistance of Escherichia coli ATCC® 25922™ strains according to the diameter of
inhibition (mm) of three antibiotics [30].

Antibiotics Dose (μg) Resistant (mm) Intermediate (mm) Sensitive (mm)
Colistin 50 <15 — ≥18
Gentamicin 15 <16 16–17 ≥18
Streptomycin 300 <13 13–14 ≥15
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Regarding the composition, we found that the major
components of T. vulgaris were thymol (41.39%) and
camphor (38.5%), whereas Cheurfa et al. [55] found thymol
(27.43%) and carvacrol (34.62%). Concerning O. basilicum,
linalool (37.2%), methyl chavicol (14.3%), and limonene

(13.2%) represent the major components of this oil. (is
finding is confirmed by Hanif et al. [56]. In the essential oil of
A. herba-alba, the main components are camphor (32.82%),
chrysanthenone (24.1%), and davanone (15.1%); this result
agrees with that reported by Kadri et al. [57]. Regarding

Table 4: Antibiotics sensitivity of Escherichia coli strains in different turkey organs.

Antibiotics
Streptomycin Colistin Gentamicin

ID (mm) P ID (mm) P ID (mm) P
(igh 12 R 15 R 20 S
Upper thigh 11 R 16 I 21 S
Breast 12 R 15 R 18 S
Skin 18 S 16 I 19 S
(roat 14 I 18 S 23 S
Wing 20 S 17 I 21 S
Liver 22 S 15 R 20 S
ID: inhibition zone diameter value; P: profile; R: resistant; I: intermediate; S: sensible.

Table 3: Chemical composition of eight essential oils obtained by GC-MS.

Compound name
Area (%)

TV OB AHA MS MP RO EG SA
α-Caryophyllene — — — — — — — 3.74
α-Pinene 0.85 0.64 6.07 — 0.509 8.11 4.67 —
α-Terpinene 3.25 — — 2.3 — 0.32 — —
α-(ujone — — 9.26 — — — — —
α-(ujene — 0.19 0.45 0.5 1.654 — — —
Eugenyl acetate — — — — — — — 4.9
α-Terpineol 0.57 — — — — 1.89 5.52 —
β-Pinene 1.63 0.83 1.09 2.4 0.896 1.48 2.07 —
β-(ujone — — 5.6 — — — — —
Borneol 0.65 — — — — 6.18 — —
Camphene — 10.72 0.16 — — 2.24 — —
Camphor 38.5 0.3 32.82 — — 18.64 — —
Carvacrol 2.06 2.11 — — — — — —
Carvone — 0.23 — 56.4 — — — —
Chrysanthenone — — 24.1 — — — — —
Crypton — — — — — — 3.13 —
Davanone — — 15.1 — — — — —
Eucalyptol (1.8 cineole) 5.45 10.5 — 2.98 0.19 32.03 55.9 —
Eugenol — 2.4 — — — — 80.83
c-Terpinene — — — — 0.05 4.84 1.07 —
Globulol — — — — — — 12.99 —
Limonene — 13.2 — 16.2 4.293 2.03 — 0.72
Linalool 1.79 37.16 — 7.98 — 1.47 0.24 —
Menthone — 0.2 — — 5.12 — — —
Methyl charviol — 14.3 — — — — — —
neo-menthol — — — — 41.81 — — —
Caryophyllene oxide — — — 0.2 2.13 — — —
p-Cymene 1.19 3.1 — — 0.72 0.31 — —
Pulegone — — — — 36.92 — — —
Sabinene 0.33 0.5 — 0.6 0.642 0.28 — 0.11
Spathulenol — — — 0.3 — — — —
(ymol 41.39 2.1 — — — 0.98 — —
Trycelene — — 0.14 — — — — —
Verbenene 0.13 — — — — 3.6 — —
Unidentified compounds 2.21 1.52 5.21 10.14 5.066 15.6 14.41 9.7
Total 97.79 98.48 94.79 89.86 94.934 84.4 85.59 90.3
TV: T. vulgaris; OB: O. basilicum; AHA: A. herba-alba; MS: M. spicata; MP: M. pulegium; RO: R. officinalis; EG: E. globulus; SA: S. aromaticum.
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S. aromaticum, the main compound was eugenol (80.83%)
which is in agreement with the finding of Moemenbellah-
Fard et al. [58].(e variation in EOs composition is linked to
several factors such as the extraction methods, plant parts
and genotypes, geographical origin and environment con-
ditions, the harvesting period, the degree of drying, and
drying conditions [59].

Our finding shows that antimicrobial activity of
T. vulgaris was the most effective EO against almost all the
isolates with a zone of inhibition around 20mm, and this
plant showed an important sensitivity against the E. coli
strains in comparison with antibiotics tested and recorded
the highest value of ID� 23.33mm. (is result is similar to
those reported by Lambert and al. [60] and Al-Shuneigat
et al. [61].(is bioactivity is in relation to its high percentage
of carvacrol and thymol; these two phenolic compounds are
known for their antimicrobial properties [62, 63]. (e in-
hibition zones of A. herba-alba, O. basilicum, and
S. aromaticum EOs ranged between 10 and 20mm. (ose
three EOs present a powerful antibacterial effect similar to
the tested antibiotics (gentamicin, streptomycin, and co-
listin) on E. coli strains, strongly higher than those reported
by Zouari et al. [64], Shirazi et al. [65], and Oussalah et al.
[66]. (ese activities could be attributed to chrysanthenone,
camphor, α-terpin-7-Al, and trans-β-terpineol for A. herba-
alba [57, 67], and linalool and methyl chavicol for
O. basilicum [9, 68], and eugenol for S. aromaticum [69].

Our results show that the concentration to inhibit the
development of germs (MIC and MBC) for T. vulgaris was
1/3000 (v/v); in the same way, other studies showed that
T. vulgaris needs 1.33mg/ml [53]. (e MIC and MBC of
A. herba-alba and O. basilicum were 1/2000 (v/v). Other

authors reported that the concentrations were for 0.4%
O. basilicum [70], and 1/500 (v/v) for A. herba-alba [71],
while the concentration we found for S. aromaticum (1/
1000 (v/v)) was similar to that reported by Leuschner and
Lelsch [72]. (is discrepancy is related to different
methods used for the determination of MIC. For all the
tested EOs, the MICs were equal to the MIBs and the MIC/
MIB ratios were equal to 1 and thus the activities were
bactericidal. Furthermore, the MIC did not vary across the
different isolates for all the EOs and thus, the organs of
isolation had no effect on the sensitivity of the isolates
towards the EOs. To clarify, there is a divergence in the
units of measurement used for values of MIC and MBC (%,
μl/ml, mg/ml, μg/ml). In other studies, the MICs and
MBCs are expressed also in v/v or w/v (m: weight, v: v).
Consequently, the comparison data on MIC and MBC
recorded for EOs tested is difficult.

On the other hand, the microbes used in our study were
isolated from turkey organs and their antibiotic sensitivity
was analyzed and as shown earlier; some of them developed
antibiotic resistance towards streptomycin and/or colistin.
Our results reflect more the efficiency of the tested EOs
against E. coli strains isolated from the turkey organs. (is
activity is related to the different chemotypes of essential oils
such as thymol, camphor, linalool, and eugenol. (ose
molecules are well known by their high antimicrobial ac-
tivity against pathogenic bacteria (E. coli and Salmonella
spp.) [60, 67, 71, 73].

(is antibacterial activity acts by perturbating the cell
membranes permeability, cell balance, and inhibiting the
membrane-bound ATPase activity, and as a result, reducing
the growth rate of pathogens and disrupting substance influx
and even cell death [74, 75]. Several studies suggest that
Gram-negative bacteria are more tolerant to the essential oil
actions because of the hydrophilic membrane constituents
[76, 77], in detail, a disruption of the membrane integrity
and ion transport processes, by rapid dissipation of H+ and
K+ ion gradients which reduce ATP synthesis and the in-
creased hydrolysis [78].

Furthermore, EOs activity could be easily enhanced
either by using a mixture of them or mixing them with other
antibiotic agents [78, 79]. Such a strategy allows the pos-
sibility of using very low doses (below the MIC) of EOs
without reducing the efficiency and also diversifying the
mechanism of action and thus decreasing the odds for re-
sistance development.

Table 5: Inhibition zone diameter (mm) of the essential oils on Escherichia coli strain isolated from different organs of turkey.

Essential oil
Organs

Breast (mm) Liver (mm) Skin (mm) (igh (mm) (roat (mm) Upper thigh (mm) Wing (mm)
A. herba-alba 16.33 20.18 15 18.25 15.58 16.91 15.66
E. globulus 8.1 10.2 8.16 9.33 9.58 9.5 8.58
M. pulegium 8.83 10.2 10.33 8.91 9 9.16 9.5
M. spicata 10.75 9.9 10.58 10.36 9.16 10.25 10.66
O. basilicum 17.83 14.3 20.66 14.08 15.83 12.25 15.5
R. officinalis 9.41 10.33 10.25 9.45 10.08 9.75 10.33
S. aromaticum 14 16.1 13.58 15.33 14.66 13.58 17.16
T. vulgaris 20.16 19.9 19.66 22.33 23.33 22.41 21.58

Table 6: Minimum inhibitory concentration (MIC), minimum
bactericidal concentration (MBC), and the MIC/MBC ratio.

Essential oil
E. coli

MIC (v/v) MBC (v/v) MIC/MBC Effect
T. vulgaris 1/3000 1/3000 1 Bactericidal
A. herba-alba 1/2000 1/2000 1 Bactericidal
O. basilicum 1/2000 1/2000 1 Bactericidal
S. aromaticum 1/1000 1/1000 1 Bactericidal
R. officinalis 1/250 1/250 1 Bactericidal
M. spicata 1/250 1/250 1 Bactericidal
M. pulegium 1/250 1/250 1 Bactericidal
E. globulus 1/100 1/100 1 Bactericidal
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5. Conclusions

EOs are generally recognized as safe for use in the food and
feed industry and the accumulation of their components in
the body is unlikely due to their rapid elimination, despite
the fact that the understanding of EOs mode of action is a
prerequisite for their regular application in animal pro-
duction. (e present study clearly demonstrates the po-
tential use of the studied EOs as antibiotics alternatives in
the poultry industry, in particular, those extracted from
T. vulgaris, A. Herba alba, O. basilicum, and S. aromaticum.
Our results were obtained against E. coli isolated from
different turkey organs. Even though the isolates had dif-
ferent antibiotics’ sensitivity, they had the same reaction
towards each tested EO and the organ of isolation seemed to
have no effects on these interactions. Further studies are
highly encouraged to confirm these results in in vivo sce-
narios incorporating the coast-effect benefits for more in-
sightful results. (e beneficial effects of EOs dietary
supplementation should be taken into consideration to
justify the additional cost of their application. Despite their
strong antimicrobial action, the use of EOs in farms is
limited by their poor water solubility. (is characteristic
makes it necessary to convey them with suitable surfactants
or through biotechnological processes.
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[7] A. Chlebicz and K. Śliżewska, “Campylobacteriosis, salmo-
nellosis, yersiniosis, and listeriosis as zoonotic foodborne

diseases: a review,” International Journal of Environmental
Research and Public Health, vol. 15, no. 5, p. 863, 2018.

[8] E. Dsani, E. A. Afari, A. Danso-Appiah, E. Kenu, B. B. Kaburi,
and B. Egyir, “Antimicrobial resistance and molecular de-
tection of extended spectrum β-lactamase producing
Escherichia coli isolates from raw meat in Greater Accra re-
gion, Ghana,” BMCMicrobiology, vol. 20, no. 1, pp. 1–8, 2020.

[9] V. Ebani, B. Najar, F. Bertelloni, L. Pistelli, F. Mancianti, and
S. Nardoni, “Chemical composition and in vitro antimicrobial
efficacy of sixteen essential oils against Escherichia coli and
Aspergillus fumigatus isolated from poultry,” Veterinary
Sciences, vol. 5, no. 3, p. 62, 2018.

[10] B. L. Ngangom, S. S. A. Tamunjoh, and F. F. Boyom, “An-
tibiotic residues in food animals: public health concern,” Acta
Ecologica Sinica, vol. 39, no. 5, pp. 411–415, 2019.

[11] J. Chen, G.-G. Ying, and W.-J. Deng, “Antibiotic residues in
food: extraction, analysis, and human health concerns,”
Journal of Agricultural and Food Chemistry, vol. 67, no. 27,
pp. 7569–7586, 2019.

[12] D. F. Apata, “Antibiotic resistance in poultry,” International
Journal of Poultry Science, vol. 8, no. 4, pp. 404–408, 2009.

[13] F. Gaggı̀a, P. Mattarelli, and B. Biavati, “Probiotics and
prebiotics in animal feeding for safe food production,” In-
ternational Journal of Food Microbiology, vol. 141, pp. S15–
S28, 2010.

[14] R. R. Vougat Ngom, H. S. Foyet, R. Garabed, and A. P. Zoli,
“Human health risks related to penicillin G and oxytetracy-
cline residues intake through beef consumption and con-
sumer knowledge about Drug residues in Maroua, far North
of Cameroon,” Frontiers in Veterinary Science, vol. 7, p. 478,
2020.

[15] S. R. Hashemi and H. Davoodi, “Herbal plants as new
immuno-stimulator in poultry industry: a review,” Asian
Journal of Animal and Veterinary Advances, vol. 7, no. 2,
pp. 105–116, 2012.

[16] J. M. Diaz Carrasco, L. M. Redondo, E. A. Redondo,
J. E. Dominguez, A. P. Chacana, and M. E. Fernandez
Miyakawa, “Use of plant extracts as an effective manner to
control Clostridium perfringens induced necrotic enteritis in
poultry,” BioMed Research International, vol. 2016, Article ID
3278359, 2016.

[17] M. E. Abd El-Hack, M. Alagawany, A.-M. E. Abdel-Moneim
et al., “Cinnamon (Cinnamomum zeylanicum) oil as a po-
tential alternative to antibiotics in poultry,” Antibiotics, vol. 9,
no. 5, p. 210, 2020.

[18] M. Omidi, H. Khosravinia, and B. Masouri, “Independent and
combined effects of Satureja khuzistanica essential oils and
dietary acetic acid on fatty acid profile in thigh meat in male
broiler chicken,” Poultry Science, vol. 99, no. 4, pp. 2266–2274,
2020.

[19] V. H. Pham, L. Kan, J. Huang et al., “Dietary encapsulated
essential oils and organic acids mixture improves gut health in
broiler chickens challenged with necrotic enteritis,” Journal of
Animal Science and Biotechnology, vol. 11, no. 1, pp. 1–18,
2020.

[20] M. Michalczyk, P. Satora, J. Banaś, and G. Fiutak, “Effect of
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