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Abstract. Study Objectives: The current research will form the basis for the production of new herbal mastitis 
drugs as an alternative to antibiotics. In this context, the aim of the study was to evaluate the in vitro anti-
bacterial activity of O. onites and O. sanctum essential oil, solutions prepared in fixed oils of N. sativa and O. 
europaea, against S. aureus and E. coli bacteria which are the main agents of mastitis. Methods: Microorgan-
ism isolation and antibiotic susceptibility analyzes of milk samples taken from 43 subclinical mastitis dairy 
cows were performed. The antibacterial properties of the solutions were analyzed by a disk diffusion method. 
Results: In the bacterial isolation results, S.aureus was determined 97.7% and E.coli 34.9% positive of cows 
with mastitis. Occur that extract of O. onites showed maximum inhibition against S. aureus (23 mm) and E. 
coli (15 mm). At the same time, E.coli, which is already known to be multi-resistant to drugs, was susceptible 
only to the extract from O.onites. When the mean ± SD zone areas for the susceptible solutions (C, C1, C2, O, 
S, O+S, and Z2) and the control group were compared, determined that there was no statistically significant 
difference for S.aureus and E.coli (p>0.05). Conclusion: It was determined that the effectiveness of olive oil as 
a solvent against S. aureus was not sufficient, therefore, a 50% solution (15mm zone diameter) with N. sativa 
fixed oil was more effective.
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Introduction

Mastitis is a complex disease caused by various 
bacterial pathogens, mainly Staphylococcus aureus, and 
Escherichia coli. It is also reported to be the most com-
mon reproductive disease in dairy cattle and a heavy 
burden disease in dairy farms worldwide (1,2). It is 
believed that the bacterial infection in mastitis cases 
is related to the disruption of alveolar cell-integrity, 
sloughing of cells, induced apoptosis, and increase of 
poorly differentiated cells. Since the ability of ruminant 
mammary glands to produce milk is determined by the 
number and activity levels of milk-secreting cells, the 

amount of milk produced and the protein, lactose, and 
fat concentrations in milk can be affected by the level 
of inflammation in the mammary gland (2).

Drug residues in milk cause allergic reactions for 
the consumer, interference in the intestinal flora, and 
resistant bacterial populations, and accordingly, they 
can destroy the effect of antibiotic treatment (3). The 
World Health Organization (WHO) stated that E. 
coli and S. aureus are the priority pathogens for over-
coming antimicrobial resistance and for the research 
and development of new antibiotics (4-8). In terms 
of antimicrobial resistance, alternative, safe, effective 
and fewer side effects are needed for mastitis control. 
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Recently, new treatment alternatives based on the use 
of natural resources have been intensively researched. 
In this context, it is becoming more and more nec-
essary to investigate the antimicrobial and antiseptic 
properties of essential oils and their contents obtained 
by various extraction methods from plants that can be 
used for therapeutic purposes. EOs are rich mixtures 
of different chemical compounds, including terpe-
nes, aldehydes, alcohols, esters, phenols, ethers, and 
ketones. Therefore (EOs) are agents used in the con-
trol of pathogens causing bovine mastitis (1, 6, 9). 

Origanum species are also known as ‘kekik’ in 
Anatolia and Origanumonites L. is the dominant spe-
cies in the northwest of Turkey and a member of 
the family Lamiaceae.  Carvacrol and thymol found 
in Origanum essential oil have antimicrobial effects. 
However, O. onites is gaining wide applications in 
the pharmaceutical and food industry due to its bio-
logical properties including antibacterial, antifungal, 
antioxidant, anticancer, antiangiogenic, analgesic, 
and acaricidal. In total 28 components belonging to 
polyphenols, flavonoids, terpenoids, organic acids, and 
esters have been identified (10, 11).

Ocimum sanctum (known as tulsi) is a member of 
the family Lamiaceae. Literally, Tulsi means “Matchless 
one”. Also known as “Queen of Herbs” (incomparable 
one) (BabitaLabhKayastha). It is one of the holiest 
plants which exhibits tremendous healing potential. 
Therapeutically it is used in anticancer, anti-oxidant, 
anti-diabetic, radiations, infertility, and for many other 
major and minor diseases (12). O. sanctum is a valu-
able herbal medicine being used in a wide spectrum of 
animal diseases. It possesses immunomodulatory and 
anti-inflammatory properties attributed to its active 
constituents such as volatile oil (eugenol, 80%), flavo-
noids, and triterpene, which are largely responsible for 
its therapeutic potential (13, 14).

The Nigella sativa plant is native to Western Asia 
and the Mediterranean region. The seeds contain 40% 
fixed oil, a saponin, and up to 1.4% volatile oil (15). 
The fact that the fixed oil in the seeds is especially 
rich in polyunsaturated fatty acids contributes to its 
effects on antioxidant, antiallergic, anti-inflammatory, 
immunomodulatory, antibacterial, antiviral, antitumor, 
antidiabetic, hepatoprotective, cardiovascular system-
blood, and gastrointestinal system (16, 17).

The result of research in vivo and in vitro have 
demonstrated that extra virgin olive oil (Olea europaea) 
phenolic compounds have potentially beneficial bio-
logical effects resulting from their antimicrobial, anti-
oxidant, and anti-inflammatory activities.  Phenolic 
compounds in olive oil have been shown to exert ben-
eficial effects on lipid oxidation, DNA oxidative dam-
age, and in general oxidative stress, in vitro and in vivo 
(18, 19).

In this context, the aim of this study was to evalu-
ate the in vitro activity of solutions of essential oils of 
O. onites and O. sanctum prepared in N. sativa and O. 
europaeafixed oils against S. aureus and E. coli bacteria 
which are the causative agents of mastitis.

Materials and Methods

Collection of Plants

Medicinal aromatic plants used in the study were 
harvested from the parcels on Balikesir Metropolitan 
Municipality Farmer Training and Production Center 
(BACEM), which is our institution and the plants were 
washed with water and kept in an oven at 40ºC for 
3day their weight stabilized and turned into powder.

Extraction of Plants and Preparation of the Solution

Extraction of Essential Oil. Herba parts of O. sanc-
tum and O. onites plants, the region with the highest 
essential oil, were used. The powdered material (500 
g) was extracted exhaustively with water in a soxhlet 
apparatus. After Soxhlet extraction, the prepared crude 
extract was completely evaporated with water under 
reduced pressure with a rotary evaporator (Heidolph-
instruments, Rotavapor, Germany). Finally, conserved 
in an air-tight container at 4°C in the refrigerator.

Extraction/Providing of the Fixed Oil. Ground 10 
g of Nigella sativa seeds were extracted with hexane 
in a Soxhlet apparatus for 4 hours. After the hexane 
extract was evaporated to dryness at 40oC in a rotary 
evaporator, it was weighed, the % yield was calculated 
and stored at +4oC until used. The olive oil used in the 
research was obtained by the cold pressing method 
by providing service procurement from the olives 
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harvested from the plots of our institution.Essential 
oils extracted from plants were diluted with fixed oils 
(Table 1).

Detection of Mastitis

Balikesir Edremit, Cikrikci Village BurakBey 
Farm, 80 Holstein breeds with 25-30 kg/day yield 
were fed with rations containing hay, concentrate and 
silage in the 3rd and 4th lactations, with feeding sys-
tems based on TMR (Total Mixed-Ration). The milk 
sample taken from each udder of the cow was evaluated 
by performing CMT. In the study, 43 cows  evaluated 
as CMT +: 1, ++: 2, +++: 3 and without clinical endo-
metritis, laminitis were accepted as the experimental 
group (20).

Milk Sample Collection  

According to the CMT results, after milking a 
few shots of foremilk from any of the healthy udder 
lobes after milking, milk samples were taken into a 
tube of approximately 20 ml.

Isolation of Bacteria, Antibiogram, and In vitro 
antimicrobial activity of the extract  Microorganism 
determination and antibiotic susceptibility ana-
lyzes were performed on milk samples in Balıkesir 
 Cattle  Breeding Association. According to the anti-
biogram results, Amoxicillin/ Clavulanic Acid and 
 Cefoperazone antibiotics with the highest sensitiv-
ity on S. aureus and E. coli were selected as the con-
trol group. Then, the herbal solution samples were 
sent to Konya Selcuk  University Veterinary Faculty 
 Microbiology Department  Laboratories. Antibio-
grams of the solutions were performed on S. aureus 
and E.coli strains in the same laboratory. Antibacte-
rial activities of the materials/extracts were evaluated 

Table 2. Zone diameters used in the evaluation of inhibition 
activity (21).

Zone Diameter (mm) Inhibition Activity

Not seen (-)

<10 (+)

10-14 (++)

15-19 (+++)

>20 (++++)

(-): resistant; (+): less resistant; (++): medium sensitive, (+++): sensitive; 
(++++): very sensitive

Table 1. Preparation of solutions according to their percentages.

Solutions Oils S O S+O Z Z1 Z2 C C1 C2

Fixed oils - - - 100% 80% 50% 100% 80% 50%

Essential oils 100% 100% 100% - 20% 50% - 20% 50%

S: O. sanctum, O: O. onites, S+O: O. sanctumveO. onites blend, Z: %100 O. europaea, Z1: %20 lik(%10 O. sanctumve %10 O. onites) %80 O. europaea, 
Z2: %50 (%25 O. sanctum ve%25 O. onites) %50 O. Europaea, C:%100N.sativa fixed oil, C1:%80 N.sativa fixed oil, C2:%50 (%25 O. sanctumve %25 
O. onites) %50 N.sativa fixed oil.

against the S. aureus ATCC 22923 and E. coli ATCC 
25922. Bacteria were grown aerobically in brain-heart 
infusion (BHI) broth at 37°C for 24-h. Cells were har-
vested by centrifuging and resuspended in sterile phys-
iological saline. Bacteria concentrations were adjusted 
according to  McFarland no: 0.5 (1,5 x 108 CFU/ml).

The 10 ml sterilized Brain Heart Infusion (BHI) 
Agar (Oxoid) poured into 20 mm x 90 mm sterilized 
Petri dishes. Four wells (diameter 7 mm, depth 2mm) 
were made by the removal of agar at equidistant points. 
The 0,1 ml of the tested microorganisms were seeded 
into BHI agar. The wells on the agar were filled with 
0,1 ml of materials/extracts and the plates were main-
tained at room temperature for 2 h for pre-diffusion of 
the materials, and then incubated at 37 C for 24 h (21). 
The diameter of the zone was measured at the inhi-
bition zone with a millimeter (mm) ruler. Data were 
evaluated according to Table 2 (22).

Statistical analysis

Descriptive statistics of the data obtained from the 
study are given with mean, standard deviation, median, 
and quartiles (Q1, Q3) for numerical variables, and fre-
quency and percentage analysis for categorical variables. 
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Table 3. Mastitis microorganism determination results.

Microorganism Number Percent (%)

Staphylococcus aureus
Negative 1 2,3

Positive 42 97,7

E. coli
Negative 28 65,1

Positive 15 34,9

Klebsiella Pneumonia
Negative 43 100,0

Positive 0 ,0

Pseudomonas 
aeruginosa

Negative 18 41,9

Positive 25 58,1

Proteus mirabilis
Negative 41 95,3

Positive 2 4,7

Yeast
Negative 35 81,4

Positive 8 18,6

Mold
Negative 38 88,4

Positive 5 11,6

Table 4. Antibacterial activities of solutions on test microorganisms

Solutions
Bacteria and Zone diameter (mm)

S. aureus Act E. coli Act

C 17 (+++) (-) (-)

C1 10 (++) (-) (-)

C2 15 (+++) (-) (-)

S 10 (++) (-) (-)

O 23 (++++) 15 (+++)

O+S 15 (+++) (-) (-)

Z (-) (-) (-) (-)

Z1 (-) (-) (-) (-)

Z2 10 (++) (-) (-)

Amoxicillin/ Clavulanıc Acid 15 (+++) 17 (+++)

Cefoperazone 22 (++++) 20 (++++)

The Mann-Whitney U test was used to compare the zone 
values obtained from the solutions and the control group. 
Analyzes were carried out with the help of the SPSS 22.0 
program. p<0.05 significance level was chosen.

Results

Bacteria isolation data

The causative isolation of microorganisms was 
made from 43 samples of milk with mastitis (Table 3). 
S. aureus was isolated and identified in 42 cows (97.7%) 
and E. coli (34.9) in 15 cows with mastitis. The study 
was carried out on S. aureus and E.coli bacteria.

Bacteria zone diameters

While some of the materials were found to have 
different levels of antibacterial activity on the tested 
microorganisms, some were found to be ineffective 
(Table 4), (Figures 1-3).

Sensitivity of Solutions

Among the solutions, 2 solutions were found 
resistant for S. aureus, while 7 solutions were found to 
be sensitive (moderate and very sensitive). For E.coli, 8 
solutions were found to be resistant, while 1 solution 
was found to be sensitive (Tables 5 and 6).

When the mean ± sd zone areas for the susceptible 
solutions and the control group were compared, it was 
determined that there was no statistically significant 
difference for S. aureus and E.coli (p>0.05), (Figure 4).

Discussion and Conclusion

Essential oils have a bacteriostatic or bactericidal 
effect on microorganisms (8). To lessen the adverse 
effects of antibiotics, a different approach of preventing 
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Figure 1. Bacterial zone diameters of Z, Z1, and Z2 solutions

Figure 3. Bacterial zone diameters of O, S, and O+S solutions

Figure 2. Bacterial zone diameters of C, C1, and C2 solutions
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mastitis, O. onites, and O. sanctum administration, was 
evaluated in vitro for its therapeutic potential in spe-
cifi c subclinical mastitis of dairy cows. 

Plants store some of the energy they get from 
the sun in essential oil. Th e synthesis of terpenes takes 
place, and in some plants, this synthesis process goes 
beyond terpenes to the production of steroids (cor-
tisone, cholesterol, vitamin D) with hormonal prop-
erties. Phenylpropanoids found in essential oils are 
precursors of certain amino acids necessary for the 
synthesis of proteins and aid in healing where tissue 
damage has occurred. Essential oils need to be diluted 
as the absorption will be rapid in the tissue damaged 

area. Fixed oils are the best medium for the dilution of 
essential oils. Because essential oils dissolve easily and 
completely in fi xed oil. Th e use of fi xed oils reduces 
the absorption rate of essential oils, thus reducing the 
eff ect of essential oils but increasing their yield (23).

S. aureus, which is known to be highly resistant 
to antibiotic treatment in mastitis, lives in the host’s 
cells and becomes chronic by forming microabscesses 
or granulomas in the mammary gland tissues (24). In 
the bacterial isolation results, S.aureus bacteria were 
found to be 97.7% and E.coli 34.9% positive. It was 
determined that the eff ects of these two bacteria in 
the formation of mastitis were intense in the cows 

Table 5. Solution and control group sensitivity

Group

Solution Control

Number Percent (%) Number Percent (%)

S. aureus

Resistant 2 22.2 0 .0

Sensitive 3 33.3 1 50.0

Medium sensitive 3 33.3 0 .0

Very sensitive 1 11.2 1 50.0

E. coli
Sensitive 1 11.2 2 100.0

Resistant 8 88.8 0 .0

Table 6. Zone diameters of the solution and control groups that were found susceptible to S. aureus and E.coli.

Variables
Solution Control

p
Mean±SD Median (Q1-Q3) Mean±SD Median (Q1-Q3)

S. aureus 14.29 ± 4.82 15 (10 -17 ) 18.5 ± 4.95 18.5 (15 -22 ) 0.500

E. coli 15 ± 0 15 (15 -15 ) 18.5 ± 2.12 18.5 (17 -20 ) 0.667

Figure 4. (A) Comparison of antibacterial Activities of solutions and control group against S. aureus, (B) and E.coli. 
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studied. Especially, in vitrosolution trials were con-
ducted against these two bacteria. The values found 
were similar to other research results (25-27). 

Although all extracts showed antimicrobial activ-
ity against nearly all of the microorganisms tested, 
O.onites alone was found to exhibit broad-spectrum 
activity against selected bacterial pathogens isolated 
from clinical mastitis in dairy cows. The study found 
that extract of O.onites showed maximum inhibition 
against S. aureus (23 mm) and E. coli (15 mm). E.coli, 
which is already known to be multi-resistant to drugs, 
was susceptible only to the extract from O.onites. In the 
antibacterial study of Dinçoğlu (2019) with O.onites 
EO, the antibacterial activity of the plant was deter-
mined with the zone diameters of S.aureus 17mm 
and E.coli 13mm. The results of the researcher sup-
port the results of the study (10). Paiano (2020), It was 
determined that cinnamon, clove, oregano, and thyme 
essential oils showed inhibition zone diameters of 36 
mm, E. coli 20 mm, especially for S. aureus causing 
endometritis (28).

Researchers have found that olive oil and its active 
ingredient oleuropeinare natural antibiotic agents. 
However, the precise mechanism of oleuropein’s anti-
microbial activity is still not fully understood (29). 
Unfortunately, the olive oil we had was less or no effec-
tive than other researches and other studied plants. 
Olive oil showed either negative (Z, Z1) or maximum 
10 mm (Z2) inhibition zone against S.aureus, respec-
tively. There was no indication of inhibition against 
E. coli. In the study conducted by the researchers, the 
antioxidant and antimicrobial activities of the phe-
nolic components of the phenolic extracts of olive oil 
varieties obtained from 11 Algerian varieties against 
various bacteria were investigated. Results obtained in 
BouchoukSoummam varieties showed an inhibition 
zone diameter of 10.33±0.57 in S.aureus, but no activ-
ity against E.coli. The results of the researcher support 
the results of the study (19).

N.sativa is used as a natural medicine for multiple 
therapeutic purposes in animals. It has been observed 
that N. sativa essential oil inhibits the growth of Gram 
(-) microorganisms, especially Gram (+) bacteria. It has 
been reported that the biological activity of the oil is 
due to its phenolic content (16, 24). Azad et al. (2011) 
found that in vivo injections of N.sativa oil reduced 

bacterial growth and milk SCC in cows infected with 
S. aureus bacteria with subclinical mastitis (24). Con-
sistent with our findings, N. sativa showed 17 mm (C), 
10 mm (C1), and 15 mm (C2) inhibition zones against 
S.aureus, respectively. There was no sign of inhibition 
against E. coli.

It has been reported that O. sanctum oil showed 
good antibacterial activity against S. aureus (zone of 
inhibition 8.0 mm), but less active against E. coli (30). 
In the study results, S.aureus showed 10 mm zone 
inhibition, while there was no indication of inhibition 
against E.coli. The results of the study are consistent 
with the results of other studies. Jayati et al (2013) 
Discs containing four different concentrations of O. 
sanctum hot aqueous leaves extract were used to study 
the antimicrobial activity O. sanctum Ext./disc amount 
at 5 mg S. aureus Inhibition zone ( 8-12 mm), E. coli 
zone was no detected (31).In the study of Mukher-
jee et al Intramammary infusion of O.sanctum extract 
significantly increased the level of leukocyte lysosomal 
enzyme (myeloperoxidase) that is an important com-
ponent of the oxygen-dependent antimicrobial activity 
of cells. The researchers concluded that intramammary 
infusion of O. sanctum extract showed antimicrobial 
and immunomodulatory activity. Both activities were 
associated with increased activity of PMN cells in the 
bovine mammary gland (32).

In Aydın 2020 study, SHS of 20% O.sanctum and 
O. onites was measured as 2185.78 cells/ml before in 
vivo intramammary administration and 809.72 cells/
ml after administration. In addition, on the 5th day of 
the application (7715.67±2877.07 cells/ml), somatic 
cell increase was observed due to the inflammatory 
reaction (33). In order to see the antimicrobial effi-
cacy of the current working solution, depending on 
the previous study, agent isolation was performed, 
and S.aureus 97.7% and E.coli 34.9% were found to be 
positive. While it showed C1 (10mm), Z1 (negative) 
activity against S.aureus in 20% solutions, it was deter-
mined with 15mm, 10mm, and 15mm zone diameters, 
respectively, against C2, Z2, O+S S.aureus in 50% solu-
tions were done. Considering the current study results, 
it is thought that the efficacy of 50% solution in vivo 
will be better.

It was determined that while N. sativa fixed oil 
alone was moderately sensitive to S.aureus (17mm).
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While olive oil alone was resistant to S. aureus, the 
solution (Z2) became sensitive as the essential oil con-
centration (50%) increased. O.onites 100% concentra-
tion has the best susceptibility to S.aureus and E.coli 
(23mm, 15mm zone diameter). Such high concentra-
tions may irritating and cause damage to mammary 
tissues (34).The 100% concentration of O.sanctum was 
found to be sensitive (10mm) only to S.aureus. It was 
determined that the low zone diameter of O.sanctum 
reduced the sensitivity of all solutions. However, in 
solutions, O.sanctum has been used for in vivo studies 
to remove damage in the tissue and for the antioxi-
dant and immunomodulatory effect of the plant, rather 
than its antimicrobial properties (32, 33).

When the zone diameters were compared between 
the 2 antibiotic groups and solutions used as the con-
trol group in the study, it was determined that there 
was no statistically significant difference (p>0.05). 
It was determined that 63.7% of the solutions were 
susceptible to S.aureus and 36.4% were resistant.The 
results of this study show that the solution in N.sativa 
fixed oil of O. onites and O. sanctum essential oils have 
an antibacterial effect against S.aureus “high priority”, 
which is the causative agent of subclinical mastitis, and 
for the production of new herbal mastitis drugs alter-
native to antibiotics in the intramammary application. 
It shows that it will form the basis of further research 
in veterinary medicine in vitro as well as in vivo. Cur-
rent research will also provide scientific validation of 
traditional knowledge and increase local farmers’ con-
fidence in ethnoveterinary practices.
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