
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Al-Rimawi et al. BMC Complementary Medicine and Therapies          (2024) 24:297 
https://doi.org/10.1186/s12906-024-04596-x

Introduction
Medicinal plants and their essential oils have antimicro-
bial properties [1]. Moreover, they have been investigated 
as growth-promoting agents for poultry [2, 3]. The use of 
medicinal plant extracts as alternatives to conventional 
natural preservatives is growing because they are gen-
erally safe for humans and environmentally friendly [4]. 
Accordingly, interest in the use of phytochemicals as new 
sources of natural antioxidants and antimicrobial agents 
is increasing. The use of synthetic antioxidants in the 
food industry is limited both in terms of application and 
quantity [5].
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Abstract
Background  Although synthetic preservatives and antioxidants may have high antimicrobial and antioxidant 
activity, they are usually associated with adverse effects on human health. Currently, there is a growing interest in 
natural antimicrobial and antioxidant agents. This study aimed to evaluate the antimicrobial activity of two medicinal 
plant extracts and one active compound. Olive leaf extracts (0.2, 0.3, and 0.4% w/v), oleuropein (0.2, 0.4, and 0.6% 
w/v), thyme oil (0.1%), and oleuropein in combination with thyme oil (0.4% w/v and 0.1% v/v) were used against three 
bacterial strains (Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus) and two fungal strains (Candida 
albicans and Aspergillus niger).

Results  The use of oleuropein resulted in complete antimicrobial activity against Staphylococcus aureus, 
Pseudomonas aeruginosa, and Escherichia coli. In this context, a reduction of 7 logs was achieved during the storage 
period (4 weeks). Oleuropein showed no fungal activity at low concentrations (0.2%), but Aspergillus niger was 
reduced by 2.35 logs at higher concentrations (0.6% w/v). Similar antibacterial and antifungal properties were 
observed for the olive leaf extracts. Oleuropein at a concentration of 0.4 w/v and a mixture of oleuropein and thyme 
at concentrations of 0.4 and 0.1 (v/v) showed strong antimicrobial activity against the studied microorganisms.

Conclusion  Olive leaf extract, thyme oil, and oleuropein have strong antibacterial and weak antifungal properties. 
There was a good synergistic effect between oleuropein and thymol.
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Currently, there is a strong debate on the safety of 
chemical preservatives since they are considered respon-
sible for many carcinogenic and teratogenic properties 
as well as residual toxicity [6]. Therefore, there is a need 
to evaluate the efficacy of natural plant extracts to deter-
mine their antimicrobial activity. In this context, olive 
leaf extract is effective against a broad spectrum of patho-
genic microorganisms, such as viruses, bacteria, and 
even parasites. Olive leaf extract can be considered one 
of the most useful and safe natural antimicrobial herbal 
extracts discovered to date [7]. Hence, the leaves of Olea 
europaea L. are a typical herbal drug in the Mediterra-
nean region that is widely used in traditional medicine as 
a vasodilatory, hypotensive, anti-inflammatory, antirheu-
matic, diuretic, antipyretic, and hypoglycemic agent [8].

Indeed, olive leaves have a large number of active 
constituents, including oleuropein (the main constitu-
ent; 60–90  mg/g) and several types of polyphenolic 
compounds. Oleuropein is the most studied ingredient. 
Moreover, 95 different chemicals are present in olive 
leaves. The content of oleuropein varies from 17 to 23% 
depending on the farming conditions in which the leaves 
are harvested [9, 10].

Oleuropein has high antioxidant activity in vitro, com-
parable to that of a hydrosoluble analog of tocopherol 
[11]. Oleuropein has shown potent antimicrobial activ-
ity against both gram-negative and gram-positive bac-
teria and against Mycoplasma. The exact mechanism of 
the antimicrobial activity of oleuropein has not been fully 
elucidated, although some authors have proposed that 
it is due to the presence of the ortho-diphenolic system 
(catechin) [12].

Furthermore, the essential oils of thyme species contain 
large amounts of thymol, which is a potent antibacterial 
agent [13] as well as a strong antiseptic and antioxidant 
[14]. The essential oil of Thymus vulgaris contains a mix-
ture of monoterpenes. The two main components of this 
oil are the natural terpenoid thymol and its phenol iso-
mer [15].

The essential oil of T. vulgaris has a high content of 
oxygenated monoterpenes (56.53%) and a low content 
of monoterpene hydrocarbons (28.69%), sesquiterpene 
hydrocarbons (5.04%), and oxygenated sesquiterpenes 
(1.84%) [16]. The predominant compound among the 
essential oil components was thymol (51.34%), while the 
amount of all other constituents of the oil was less than 
19%.

There is still a need to investigate the effects of herbal 
extracts at different concentrations and under different 
extraction conditions on different strains of microorgan-
isms to maximize their use in the pharmaceutical indus-
try. Moreover, there is a need to evaluate the synergistic 
effect of these extracts to optimize their use. The aim of 
this study was to evaluate the antimicrobial activity of 

olive leaf extract, oleuropein, and thyme oil at different 
concentrations, either alone or in combination, against 
three bacterial strains (Escherichia coli, Pseudomonas 
aeruginosa, and Staphylococcus aureus) and two fungal 
strains (Candida albicans and Aspergillus niger).

Materials and methods
Collection and preparation of samples
Olive and thyme leaves
In November 2017, samples of olive leaves were collected 
from a field of olive trees in the West Bank, Palestine, 
which is close to Bethlehem City (latitude 31.70487 and 
longitude 35.20376). Regarding the thyme leaves, they 
were gathered in Bethlehem City, West Bank, in April of 
2017. Dr. Khalid Sawalha (PhD in Botany, Al-Quds uni-
versity) is the person who undertook the formal iden-
tification of the plant materials used in this study, and 
assigned voucher number of Pharm-PCT-279 at Al-Quds 
university herbarium.

The leaves were allowed to dry at ambient temperature 
(25–30  °C), then they were crushed and sieved using a 
120  mm mesh sieve. Until it was extracted using water 
distillation, the resultant powder was stored at room 
temperature in the dark. The thyme leaves were pro-
cessed under the same conditions.

Extraction techniques from olive and thyme leaves
The extraction of olive leaves was carried out by water 
distillation. Approximately 10 g of olive leaf powder was 
macerated in 100  ml of 80% ethanol (Beit Jala Pharma-
ceutical Co., Ltd., Bethlehem, Palestine) for 4 h at 40 °C. 
The extracts were then filtered through a Whatman No. 
1 filter (Whatman, UK) to separate the coarse particles 
from the solution. Then, the filtrate was evaporated at 
room temperature under vacuum using a rotary evapora-
tor. The concentrated oil extract was stored in a refrig-
erator at 2–4  °C until use. Permission for the collection 
of olive and thyme leaves was obtained from the owner 
of the field.

Thyme oil was extracted from the thyme leaves by 
steam distillation using water. This method is suitable for 
producing flower blossoms and finely powdered plant 
material. The distillation temperature was approximately 
100  °C at atmospheric pressure. Approximately 55  g of 
dried thyme was placed in the steam distillation appa-
ratus. The leaves of the thyme plants were immersed in 
water and boiled. Then, the instrument was turned on, 
and boiling water was used to extract the essential oils 
from the sacs of the leaves. The steam containing the 
essential oil was passed through a cooling system for con-
densation. Finally, the oil was separated from the water. 
The antibacterial activity of hydrosol (a mixture of oil and 
water) was tested.
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Antimicrobial activity test
This procedure was used to evaluate the antimicrobial 
efficacy of the extracts. A selected agar medium was used 
for the cultivation of the organisms under investigation 
and for the rigorous growth of each stock culture. The 
recommended media used were soybean casein digest 
agar (SCDA)/broth (SCDB) for Escherichia coli, Pseudo-
monas aeruginosa, and Staphylococcus aureus. In addi-
tion, Sabouraud dextrose agar (SDA)/broth (SDB) were 
used to Candida albicans and Aspergillus niger. If neces-
sary, an appropriate inactivator (neutralizer) was added to 
the broth and/or agar media for the specific antimicrobial 
properties of the product. A stock culture of each tested 
microorganism was prepared using sterile saline TS to 
obtain a microbial count of about 1 × 108 CFU/ml. These 
cultures (two fungal species (Candida albicans (ATCC # 
10,231) and Aspergillus niger (ATCC # 16,404)) and three 
bacterial species (Escherichia coli (ATCC # 8739), Pseu-
domonas aeruginosa (ATCC # 9027), and Staphylococcus 
aureus (ATCC # 6538)) were used to assess the suitability 
of selected media to support the growth of tested micro-
organisms using growth promotion test (Table 1).

Different broths of soybean casein digest containing 
olive leaf extracts (0.2, 0.3, and 0.4% w/v), oleuropein 
(0.2, 0.4, and 0.6% w/v), thyme oil (0.1%), and oleuropein 
in combination with thyme oil (0.4% w/v and 0.1% v/v) 
were prepared for evaluating the antibacterial activity. 
For each type of broth, an inoculum of selected bacte-
rial species (about 1 × 108 CFU/ml) was added to each 
broth. In the same way, the antifungal activity was evalu-
ated using Sabouraud dextrose broth. The final micro-
bial load was evaluated using the membrane filtration 
method. 10 ml of each type of broth was filtrated through 
a 0.45-micrometer membrane filter about 50  mm in 
diameter. For bacterial evaluation, a membrane filter 
was placed on the surface of solidified SCDA plates and 
incubated at 30–35  °C for 48–72 h. Similarly, for fungal 
evaluation, a membrane filter was placed on the surface 
of solidified SDA plates and incubated at 20–25  °C for 
5–7 days. Several dilutions (10− 3-10− 6) were prepared for 
each sample to obtain plates containing between 30 and 
100 CFU.

Results
The antimicrobial activity of oleuropein (0.2% w/v) 
against Staphylococcus aureus, Pseudomonas aerugi-
nosa, Escherichia coli, Candida albicans, and Aspergil-
lus niger compared with that of the control is shown in 
Table 3. Oleuropein (0.2%) exhibited complete antimicro-
bial activity against Staphylococcus aureus, Pseudomonas 
aeruginosa and Escherichia coli during the fourth week 
of storage. The initial microbial load for the three tested 
bacteria decreased by approximately 7 logs. Oleuropein 
at a concentration of 0.2% showed no fungal activity 

against Candida albicans or Aspergillus niger. Staphylo-
coccus aureus was more susceptible (complete inhibition 
in the first week) to oleuropein than were Pseudomonas 
aeruginosa and Escherichia coli (complete inhibition in 
the fourth week). In the control treatment, an increase in 
microbiological counts was observed at the beginning of 
treatment, followed by a decrease in counts.

The antimicrobial activity of oleuropein (0.4% w/v) 
against Staphylococcus aureus, Pseudomonas aerugi-
nosa, Escherichia coli, Candida albicans, and Aspergillus 
niger compared to control is shown in Table 4. Our study 
showed that 0.4% oleuropein exhibited complete anti-
microbial activity against Staphylococcus aureus, Pseu-
domonas aeruginosa, and Escherichia coli in the second 
week of storage. A reduction of 7 log cycles in the initial 
microbial load was observed for the three tested bacteria. 
In general, Candida albicans and Aspergillus niger were 
not affected by the addition of 0.4% oleuropein. Excep-
tionally, the number of Aspergillus niger was reduced by 
1.56 log cycles at the end of storage compared with the 
initial count. A similar pattern was observed for bacterial 
susceptibility to 0.40% oleuropein, where Staphylococcus 
aureus was more sensitive (complete inhibition in the 
first week) to oleuropein than were Pseudomonas aeru-
ginosa and Escherichia coli (complete inhibition in the 
second week). Increasing the concentration of oleuropein 
from 0.2 to 0.4% resulted in a one-week reduction in the 
time required to achieve complete inhibition of Pseudo-
monas aeruginosa and Escherichia coli. In the control 
treatment, a similar pattern was observed in microbial 
growth, where at the beginning, there was an increase 
in microbiological counts followed by a reduction in the 
count.

The antimicrobial activity of oleuropein (0.6% w/v) 
against Staphylococcus aureus, Pseudomonas aeruginosa, 
Escherichia coli, Candida albicans, and Aspergillus niger 
compared with that of the control is shown in Table  5. 
Our study showed that 0.6% oleuropein had complete 
antimicrobial activity against Staphylococcus aureus, 
Pseudomonas aeruginosa, and Escherichia coli at the end 
of the second week of storage. A reduction of 7 log cycles 
in the initial microbial load was observed for the three 
tested bacteria.

In general, Candida albicans and Aspergillus niger were 
not affected by the addition of 0.6% oleuropein. Excep-
tionally, the number of Aspergillus niger was reduced 
by 2.35 log cycles at the end of storage compared to the 
original number. A similar pattern was observed for bac-
terial sensitivity to 0.40% oleuropein, with Staphylococcus 
aureus being more sensitive (complete inhibition in the 
first week) to oleuropein than Pseudomonas aeruginosa 
and Escherichia coli (complete inhibition in the third 
week).
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The antimicrobial activity of the olive leaf extracts (0.2, 
0.3, and 0.4% w/v) against Staphylococcus aureus, Pseu-
domonas aeruginosa, Escherichia coli, Candida albicans, 
and Aspergillus niger compared to that of the control is 
shown in Tables 6 and 7, and 8. The use of 0.2% olive leaf 
extracts resulted in complete inhibition of the microbial 
growth of Staphylococcus aureus, Pseudomonas aerugi-
nosa, and Escherichia coli during the fourth week of stor-
age. Staphylococcus aureus was more sensitive (complete 
inhibition in the first week) to olive leaf extracts than 
were Pseudomonas aeruginosa and Escherichia coli (com-
plete inhibition in the fourth week). The addition of 0.2% 
olive leaf extracts had no inhibitory effect on Candida 
albicans, while Aspergillus niger had a moderate effect, 
with a 1.81 log reduction in the count at week four.

Compared to 0.2% olive leaf extracts, 0.3% olive leaf 
extracts exhibited similar inhibitory effects against 
Staphylococcus aureus, Pseudomonas aeruginosa, and 
Escherichia coli in the fourth week of storage (Table  7). 
Staphylococcus aureus was more sensitive (complete 
inhibition in the first week) to olive leaf extracts than 
were Pseudomonas aeruginosa (complete inhibition in 
the third week) and Escherichia coli (complete inhibition 
in the fourth week). Increasing the concentration of olive 
leaf extract from 0.2 to 0.3% reduced the time required 
for complete inhibition of Pseudomonas aeruginosa 
growth by one week. Increasing the concentration of 
olive leaf extracts to 0.3% had no effect on the growth of 
Candida albicans, while the final concentration of Asper-
gillus niger decreased by 1.56 log.

Table 2  Incubation conditions for different cultures of bacterial and fungal strains
Organism Suitable medium Incubation temperature Inoculum incubation time Microbial recovery incubation time
Escherichia coli
ATCC No. 8739

SCDB, SCDA 32.5 + 2.5 °C 18–24 h 3–5 days

Pseudomonas aeruginosa
ATCC No. 9027

SCDB, SCDA 32.5 + 2.5 °C 18–24 h 3–5 days

Staphylococcus aureus
ATCC No. 6538

SCDB, SCDA 32.5 + 2.5 °C 18–24 h 3–5 days

Candida albicans
ATCC No. 10,231

(SDA)/ (SDB) 22.5 + 2.5 °C 44–52 h 3–5 days

Aspergillus niger
ATCC No. 16,404

(SDA)/ (SDB) 22.5 + 2.5 °C 6–10 days 3–7 days

Table 3  Antimicrobial activity of oleuropein (0.2% w/v) against Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, 
Candida albicans, and aspergillus Niger compared to the control
Microorganism Species 1ATCC NO. Storage Time (Days) Mean (Log cfu/ml)

Treatment Control
S. aureus 6538 0 7.34 6.71

7 < 1* 9.24
14 < 1 8.92
28 < 1 7.86

P. aeruginosa 9027 0 6.93 6.23
7 6.35 9.10
14 3.73 8.64
28 < 1 7.57

E. coli 8739 0 7.38 6.58
7 4.80 9.00
14 3.73 8.78
28 < 1 7.98

C. albicans 10,231 0 7.41 6.25
7 7.43 8.16
14 7.08 8.00
28 6.20 6.95

A. niger 16,404 0 7.33 5.76
7 5.91 4.87
14 5.55 4.82
28 5.60 3.45

1 ATCC: American Type Culture Collection

* If there was no growth, the result was expressed as < 1 log (cfu/ml) for a negative result
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Increasing the concentration of olive leaf extracts to 
0.4% resulted in complete inhibition of Staphylococ-
cus aureus growth in the first week, while Pseudomonas 
aeruginosa and Escherichia coli were completely inhib-
ited in the second week of storage (Table  8). Staphylo-
coccus aureus was more sensitive to olive leaf extracts 
than were Pseudomonas aeruginosa and Escherichia coli. 
The time needed to achieve complete inhibition of Esch-
erichia coli growth was reduced by one week. A similar 
pattern in microbial growth was observed with the con-
trol treatment, with an initial increase in microbiological 
counts followed by a reduction in counts.

A slight antifungal effect was observed when the con-
centration of olive leaf extract was increased from 0.2 to 
0.4%. The final counts of Candida albicans and Aspergil-
lus niger decreased by 1.09 log and 2.37 log, respectively.

The antimicrobial activity of 0.1 w/v thyme oil against 
Staphylococcus aureus, Pseudomonas aeruginosa, Esch-
erichia coli, Candida albicans, and Aspergillus niger com-
pared with that of the control is shown in Table 9. Thyme 
oil (0.1% w/v) showed complete antimicrobial activity 
against Staphylococcus aureus, Pseudomonas aeruginosa, 
and Escherichia coli during the second week of storage. 
In the control, a similar pattern was observed for micro-
bial growth, with an increase in microbiological counts 
at baseline, followed by a reduction in counts. Thyme oil 
(0.1% w/v) had no antifungal activity against Candida 
albicans or Aspergillus niger.

Table 4  Antimicrobial activity of oleuropein (0.4% w/v) against Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, 
Candida albicans, and aspergillus Niger compared to the control
Microorganism Species 1ATCC NO. Storage Time (Days) Mean (Log cfu/ml)

Treatment Control
S. aureus 6538 0 7.33 6.71

7 < 1* 9.24
14 < 1 8.92
28 < 1 7.86

P. aeruginosa 9027 0 6.77 6.23
7 4.53 9.10
14 < 1 8.64
28 < 1 7.57

E. coli 8739 0
7

7.27
5.37

6.58
9.00

14 < 1 8.78
28 < 1 7.98

C. albicans 10,231 0 6.41 6.25
7 6.04 8.16
14 6.88 8.00
28 6.56 6.95

A. niger 16,404 0 5.80 5.76
7 5.23 4.87
14 5.29 4.82
28 4.24 3.45

1 ATCC: American Type Culture Collection

* If there was no growth, the result was expressed as < 1 log (cfu/ml) for a negative result

Table 5  Antimicrobial activity of oleuropein (0.6% w/v) against 
Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, 
Candida albicans, and aspergillus Niger compared to the control
Microorganism
Species

1ATCC 
NO.

Storage Time 
(Days)

Mean (Log cfu/ml)

Treatment Control
S. aureus 6538 0 6.84 06.71

7 < 1 10.24
14 < 1 08.92
28 < 1 07.86

P. aeruginosa 9027 0 5.46 06.23
7 3.85 09.10

14 < 1 08.64
28 < 1 07.57

E. coli 8739 0 6.73 06.08
7 5.04 09.00

14 < 1 08.78
28 < 1 07.98

C. albicans 10,231 0 6.74 06.01
7 6.28 08.16

14 6.13 08.00
28 4.79 08.10

A. niger 16,404 0 5.48 05.76
7 3.58 04.95

14 3.25 05.82
28 3.13 04.45

1 ATCC: American Type Culture Collection

* If there was no growth, the result was expressed as < 1 log (cfu/ml) for a 
negative result
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The antimicrobial activity of thyme oil (0.1% w/v) and 
oleuropein (0.4% w/v) against Staphylococcus aureus, 
Pseudomonas aeruginosa, Escherichia coli, Candida albi-
cans, and Aspergillus niger compared with the control is 
shown in Table 10. Thyme oil (0.1% w/v) combined with 
oleuropein (0.4% w/v) showed complete antimicrobial 
activity against Staphylococcus aureus (in the first week), 
Pseudomonas aeruginosa (in the second week), and Esch-
erichia coli (in the second week). Thyme oil (0.1% w/v) 
with oleuropein (0.4% w/v) had mild antifungal activ-
ity against Candida albicans and Aspergillus niger, with 
reductions in baseline counts of 2.69 log and 2.25 log, 
respectively.

Discussion
Overall, Staphylococcus aureus was more sensitive (com-
plete inhibition in the first week) to oleuropein (at all 
concentrations: 0.2, 0.4, and 0.6%) than were Pseudomo-
nas aeruginosa and Escherichia coli (complete inhibition 
in the third or fourth week). Increasing the concentration 
of oleuropein from 0.4 to 0.6% had no effect on the time 
required to achieve complete inhibition of Pseudomo-
nas aeruginosa and Escherichia coli. In this regard, it was 
found that oleuropein had potent antimicrobial activity 

against both gram-negative and gram-positive bacteria. 
The mechanism of antimicrobial activity of oleuropein 
can be attributed to the presence of the ortho-diphenolic 
system. In this context, it has been suggested that oleuro-
pein may interfere with the production pathways of some 
amino acids that promote the growth of certain micro-
organisms. Moreover, oleuropein may stimulate phago-
cytosis as a response of the immune system to microbes 
[12].

Our study showed that oleuropein is more effective to 
gram-positive bacteria than to gram-negative bacteria. 
This result was in agreement with previous studies. In 
this context, it was found that oleuropein had antimicro-
bial activity against Staphylococcus aureus, Salmonella 
typhimurium, Escherichia coli, Klebsiella pneumonia, and 
Bacillus cereus [17]. Similar results were observed by Al-
Rimawi et al. [18]. Our findings showed that oleuropein 
had very slight effect on investigated fungi (in particu-
lar, Candida albican and A. niger). This result was not in 
agreement with Zorić and Kosalec [19].

Moreover, Salma [20] showed that OLE (olive oil 
extract) was effective against two gram-positive strains 
(S. aureus and B. cereus). Dermatophytes were inhibited 
after three days by 1.25% (w/v) OLE, while the growth of 

Table 6  Antimicrobial activity of OLE (0.2% w/v) against 
Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia 
coli, Candida albicans, and aspergillus Niger compared to the 
control
Microorganism
Species

1ATCC 
NO.

Storage 
Time (Days)

Mean (Log cfu/ml)

Treatment Control
S. aureus 6538 0 7.40 7.71

7 < 1 9.24
14 < 1 8.92
28 < 1 7.36

P. aeruginosa 9027 0
7

7.06
5.16

5.73
9.10

14 2.97 8.64
28 < 1 7.57

E. coli 8739 0 7.41 6.58
7 6.13 8.00

14 3.29 8.78
28 < 1 7.98

C. albicans 10,231 0 6.79 6.25
7 7.44 8.16

14 7.23 8.00
28 6.94 8.10

A. Niger 16,404 0 6.38 5.76
7 5.74 4.95

14 5.75 4.89
28 4.57 4.82

1 ATCC: American Type Culture Collection

* If there was no growth, the result was expressed as < 1 log (cfu/ml) for a 
negative result

Table 7  Antimicrobial activity of OLE (0.3% w/v) against 
Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia 
coli, Candida albicans, and aspergillus Niger compared to the 
control
Microorganism
Species

1ATCC 
NO.

Storage Time 
(Days)

Mean (Log cfu/ml)

Treatment Control
S. aureus 6538 0 7.17 6.71

7 < 1 9.24
14 < 1 8.92
28 < 1 7.86

P. aeruginosa 9027 0 6.73 6.23
7 5.88 9.10

14 < 1 8.64
28 < 1 7.57

E. coli 8739 0 7.12 7.58
7 5.95 9.00

14 3.13 8.78
28 < 1 8.48

C. albicans 10,231 0 7.06 7.06
7 7.16 8.16

14 7.08 9.00
28 6.74 9.10

A. niger 16,404 0 6.09 5.76
7 5.67 4.95

14 5.65 4.89
28 4.53 4.82

1 ATCC: American Type Culture Collection

* If no growth occurred, the result is expressed as < 1 log (cfu/ml) for a negative 
result
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Candida albicans was inhibited after 24 h in the presence 
of 15% (w/v) OLE [21]. Several researchers have shown 
that olive leaf extract has antibacterial and antifungal 
properties [21–23].

It is interesting to compare oleuropein with OLE in 
terms of antimicrobial activity. OLE is clearly more effec-
tive than oleuropein. This may be due to additional active 
compounds (e.g., polyphenols and flavonoids) in OLE 
that may have such activity or act synergistically. Olive 
leaves contain a large number of functional compounds, 
such as oleuropein (60–90  mg/g), hydroxytyrosol, tyro-
sol, elenolic acid derivatives, caffeic acid, oleuropein, 
verbascoside, rutin, luteolin 7-O-glucoside, luteolin 
4-O-glucoside, apigenin-7-O-rutinoside, and apigenin 
7-O-glucoside [9]. Several functional compounds, in 
addition to oleuropein, work in a synergistic way to 
inhibit the growth of microorganisms [10].

The aqueous extract of olive leaves showed good anti-
microbial activity and the highest inhibitory activity 
against Salmonella typhi [24]. The efficacy of OLE may 
not be due to one main active ingredient but to the action 
of different ingredients originally present in the plant 
[25].

The efficacy of OLE against fungi strongly depends on 
the type of solvent used (water, acetone, methanol, or 
ethyl acetate) [26]. The results of a previous publication 
showed that the aqueous extract had the most prominent 
activity, while diethylether extracts of olive leaves showed 
low antifungal activity [26].

The efficacy of olive leaf aqueous extracts against 
selected gram-positive microorganisms (Bacillus cereus, 
B. subtilis, and Staphylococcus aureus), gram-negative 
bacteria (Pseudomonas aeruginosa, Escherichia coli, and 
Klebsiella pneumoniae), and fungi (Candida albicans and 
Cryptococcus neoformans) has also been studied [27]. The 
results of this study showed that OLE exhibited unusual 
antibacterial and antifungal activity at low concentra-
tions. The conclusion from this study was that olive leaf 
extracts and oleuropein have potential activity against 
microbes.

Increasing the concentration of chloroform olive leaf 
extract from 0.6 to 3.6 mg has great potential in antimi-
crobial food packaging to reduce the growth of bacteria 
after processing [28]. Furthermore, some researchers 
studied the antibacterial and antifungal properties of 
olive leaf ethyl acetate acetone extracts (10, 15, 20, 30, 
and 50 mg/ml) using the agar disk diffusion method, and 

Table 8  Antimicrobial activity of OLE (0.4% w/v) against 
Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia 
coli, Candida albicans, and aspergillus Niger compared to the 
control
Microorganism
Species

1ATCC 
NO.

Storage Time 
(Days)

Mean (Log cfu/ml)

Treatment Control
S. aureus 6538 0

7
6.90
< 1

6.71
9.24

14 < 1 8.92
28 < 1 7.86

P. aeruginosa 9027 0 5.43 6.23
7 3.63 9.10

14 < 1 8.64
28 < 1 7.57

E. coli 8739 0 6.51 6.58
7 4.90 9.00

14 < 1 8.78
28 < 1 7.98

C. albicans 10,231 0 5.71 6.25
7 7.66 8.16

14 5.65 8.00
28 4.62 6.95

A. niger 16,404 0 5.27 5.76
7 3.51 4.87

14 3.18 4.82
28 2.90 3.45

1 ATCC: American Type Culture Collection

* If there was no growth, the result was expressed as < 1 log (cfu/ml) for a 
negative result

Table 9  Antimicrobial activity of thyme oil (0.1% w/v) against 
Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia 
coli, Candida albicans, and aspergillus Niger compared to the 
control
Microorganism
Species

1ATCC 
NO.

Storage 
Time (Days)

Mean (Log cfu/ml)

Treatment Control
S. aureus 6538 0 6.70 6.71

7 4.81 9.24
14 < 1 8.92
28 < 1 7.86

P. aeruginosa 9027 0 5.41 6.23
7 3.72 9.10
14 < 1 8.64
28 < 1 7.57

E. coli 8739 0 6.61 6.58
7 5.12 9.00
14 < 1 8.78
28 < 1 7.98

C. albicans 10,231 0 6.43 6.25
7 6.45 8.16
14 6.87 8.00
28 6.13 6.95

A. Niger 16,404 0 6.93 5.76
7 6.61 4.87
14 6.42 4.82
28 6.35 3.45

1 ATCC: American Type Culture Collection

* If there was no growth, the result was expressed as < 1 log (cfu/ml) for a 
negative result
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the study showed a significant effect on the growth of 
selected microorganisms (Staphylococcus aureus, Entero-
coccus faecalis, Bacillus cereus, and Escherichia coli) [29]. 
Similar results using different concentrations of OLE and 
different microorganisms have been obtained in other 
published works [30, 31].

Olive leaf extract (0.31–0.78%) exhibited antimicro-
bial activity against Campylobacter jejuni, Helicobacter 
pylori, and Staphylococcus aureus (including methicillin-
resistant S. aureus (MRSA)) [30]. A concentration of 40% 
(w/v) olive leaf extract was necessary to affect the growth 
of C. albicans, while 0.6% (w/v) olive leaf extract was able 
to completely destroy Escherichia coli [21].

The antimicrobial activity of olive leaf extracts depends 
on many factors, such as the olive cultivar, extraction 
method (Soxhlet and microwave-assisted extraction, 
MAE), extraction time, and type of solvent. All these fac-
tors affect the total phenolic content, antioxidant activity, 
phenolic profile of the extracts, and content of oleuro-
pein, which is the predominant compound in all extracts 
[32, 33]. OLE at a concentration of 62.5  mg/ml com-
pletely inhibited Listeria monocytogenes, Escherichia coli 
O157:H7, and Salmonella enteritidis [33].

According to another previous study, the lowest mini-
mum inhibitory concentration (MIC) was 315  µg/ml, 
and the minimum bactericidal concentration (MBC) was 
2500 µg/ml OLE for S. aureus when acetone and metha-
nol were used as solvents. On the other hand, the lowest 
MIC was 625 µg/ml, and the lowest MBC was 5000 µg/
ml for E. coli when water and methanol were used as 
solvents and microwave-assisted extraction was used, 
respectively [34].

The antimicrobial properties of olive leaf extracts 
against some yeasts were investigated using different sol-
vent extracts, such as water, ethanol, acetone, and ethyl 
acetate [35]. The study showed that all solvents except 
water had minimum inhibitory concentrations in the 
range of 10–28 µg/ml and minimum fungicidal concen-
trations in the range of 20–48 µg/ml for all studied yeasts. 
Previous studies indicated that the aqueous extract of 
olive leaves had no antibacterial effect, while the ace-
tone extract showed inhibitory effects against Salmo-
nella enteritidis, Bacillus cereus, Klebsiella pneumoniae, 
Escherichia coli, Enterococcus faecalis, Streptococcus 
thermophilus, and Lactobacillus bulgaricus [36, 37]. Fur-
thermore, it was found that there were differences in the 
distribution and content of total phenolic compounds in 
olive leaf extracts obtained from different olive cultivars 
[38].

In our study, the antifungal properties of olive leaf 
extracts against Candida albicans PTCC-5027 were 
investigated. Fresh olive leaf extracts were prepared 
with distilled water in a Soxhlet apparatus. The antifun-
gal activity of the extract was analyzed by measuring 
the minimum inhibitory concentration (MIC) and MFC 
using the microdilution test and the disc diffusion assay.

Aqueous olive leaf extracts (with a minimum fungicidal 
concentration of 48  mg/ml) showed antifungal effects 
against Candida albicans [39]. Giacometti et al. [40] 
revealed that olive leaf extracts obtained by ultrasound-
assisted extraction had greater antioxidant and antimi-
crobial activities against common foodborne pathogens 
than those obtained by conventional extraction. It was 
found that 0.625  mg/ml of olive oil polyphenol extract 
resulted in complete growth inhibition of Salmonella 
typhimurium and S. aureus [41].

Our study showed that thymol had strong antibacte-
rial activity against tested bacterial species. These results 
were in agreement with previous studies. In this context, 
it was found that thymol extracted from thyme species 
has antibacterial activity [13] and strong antiseptic and 
antioxidant activity [14]. The essential oil of T. vulgaris 
has a high content of oxygenated monoterpenes and a 
low content of monoterpene hydrocarbons, according to 
previous reports [16, 42]. They found that thyme oil had a 
significant effect on some studied microorganisms.

Table 10  Antimicrobial activity of oleuropein (0.4% w/v) and 
thyme oil (0.1% v/v) against Staphylococcus aureus, Pseudomonas 
aeruginosa, Escherichia coli, Candida albicans, and aspergillus Niger 
compared to the control
Microorganism 
Species

1ATCC 
NO.

Storage Time 
(Days)

Mean (Log cfu/ml)

Treatment Control
S. aureus 6538 0 6.79 6.71

7 < 1 9.24
14 < 1 8.92
28 < 1 7.86

P. aeruginosa 9027 0 5.53 6.23
7 3.51 9.10
14 < 1 8.64
28 < 1 7.57

E. coli 8739 0 6.59 6.58
7 5.19 9.00
14 < 1 8.78
28 < 1 7.98

C. albicans 10,231 0 7.10 6.25
7 5.97 8.16
14 5.89 8.00
28 4.41 6.95

A. niger 16,404 0 5.12 5.76
7 3.39 4.87
14 3.07 4.82
28 2.87 3.45

1 ATCC: American Type Culture Collection

* If there was no growth, the result was expressed as < 1 log (cfu/ml) for a 
negative result
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In other study, thyme oil showed antibacterial activity 
against Staphylococcus aureus, Escherichia coli, Bacillus 
cereus, Salmonella enteritidis, Salmonella typhimurium, 
and methicillin-resistant Staphylococcus aureus [43]. 
Moreover, the effects of the essential oils of thyme and 
oregano on 43 microorganisms (including 26 bacteria, 14 
fungal species, and 3 types of yeasts) were evaluated, and 
revealed that the minimum inhibitory concentrations for 
bacterial strains were in the range of 7.8–500 µg/ml [44]. 
In addition, another report showed that there was poten-
tial synergy between thymol-oregano essential oils and 
carvacrol in terms of antioxidant and antibacterial prop-
erties [45].

Conclusions
The time needed to achieve complete inhibition of the 
growth was varied according to the tested microorgan-
isms. Staphylococcus aureus was more sensitive to oleu-
ropein than Pseudomonas aeruginosa and Escherichia 
coli (complete inhibition in the first week versus complete 
inhibition in the fourth week), respectively. The study 
showed that increasing the concentration of oleuropein 
resulted in a reduction in the time needed to achieve 
complete inhibition of the growth of tested bacterial spe-
cies, while this pattern was not observed in tested fungal 
species.

Similarly, Staphylococcus aureus showed higher sensi-
tivity toward olive leaf extract than Pseudomonas aeru-
ginosa and Escherichia coli regarding the time needed to 
achieve complete inhibition of the growth of the tested 
microorganisms. Olive leaf extract exhibited mild anti-
fungal activity against Aspergillus niger and no antifungal 
activity against Candida albicans. Similar to oleuropein, 
it was observed that increasing the concentration of olive 
leaf extract reduced the time needed to achieve complete 
inhibition for the growth of the tested bacterial species. 
Olive leaf extract resulted in mild reduction in the fun-
gal count, and this effect is considered as low importance 
from a technical perspective. Thyme oil showed strong 
antimicrobial activity at low concentration against Staph-
ylococcus aureus, Pseudomonas aeruginosa, and Esch-
erichia coli while there was no antifungal activity. Overall 
results indicated that oleuropein, olive leaf extract, and 
thymol had strong antibacterial activity and weak or 
slight antifungal activity, regardless of the concentration. 
There was synergy in antibacterial activity between oleu-
ropein and thyme. Further investigations are needed to 
optimize the synergy of tested materials to improve their 
antifungal activity.
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