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Abstract

Background: Continuous and indiscriminate use of chemical drugs causes an important phenomenon of resistance to microor-
ganisms. Accordingly, the effect of medications is minimized or offset, increasing drug use and the need to study mixtures with
more latest and powerful formulations. On the other hand, it has been reported that many plants essential oils have a significant
inhibitory effect on pathogenic microorganisms.

Objectives: This study aimed to evaluate the antimicrobial activity of some curative herbs against some clinical bacteria of humans
and sheep.

Methods: The leaves of chicory (Cichorium intybus L.), Hypericum perforatum L., Lavandula angustifolia, Thymus vulgaris L., and Taxus
baccata L. were collected and determined in the botanical laboratory of the University of Zabol. Forty grams of dried leaves was used
in 400 mL of ethanol (96%) to prepare the ethanolic extract. DPPH was used to determine the activity of reactive oxygen species (ROS)
trapping. The antimicrobial effects were studied by the disk diffusion (6 mm) method in Miiller-Hinton agar medium according to
the method by Bauer et al.

Results: The minimum inhibitory concentrations (MICs) of chicory, thyme, H. perforatum, French lavender, and yarrow extracts in
human clinical Staphylococcus aureus were 6.25, 12.5, 3.1, 25, and 6.25 ppm, respectively, but, in sheep, clinical S. aureus, were 12.5,
6.25, 3.1, 12.5, and 25 ppm, respectively. The minimum bactericidal concentrations (MBCs) of chicory, thyme, H. perforatum, French
lavender, and yarrow extracts in human clinical S. aureus were 12.5, 25, 6.25, 50, and 12.5 ppm, respectively, but, in sheep clinical S.
aureus, were 25, 12.5, 6.25, 25, and 50 ppm, respectively. The most effective extract in inhibiting the growth of S. aureus was the H.
perforatum L. extract with an 8.9-mm diameter growth inhibition zone.

Conclusions: Regarding the side effects of artificial medications and antimicrobials, as well as the significant influence of healing
herb extracts used in this study, it was found that H. perforatum was the most effective plant against S. aureus. It should be noted that
plant extracts were more effective in human clinical S. aureus than in sheep clinical S. aureus.
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1. Background

Continuous and indiscriminate use of chemical drugs
causes an important phenomenon of resistance to mi-
croorganisms. Accordingly, the influence of medicines is
minimized or offset, increasing drug use and the tendency
to use new compounds. Also, another problem of using
these medications is increased side effects, leading to dis-
eases that are more dangerous than the original disease (1,

2).

Many plant essential oils have been reported to have
significant inhibitory effects on pathogenic microorgan-
isms, and it has been shown that most herb essential oils
obtained from medicinal herbs have antifungal, antipar-
asitic, antibacterial, and antimicrobial properties; there-
fore, plant essential oils have been greatly utilized in some
fields such as pharmacology, herbal pharmacology, phar-
maceutical/clinical microbiology, and phytopathology, as
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well as maintenance of food, fruits, and vegetables (3, 4).
These herbal medicines are popular among people (5).

Plants have played significant roles in maintaining hu-
man health and promoting the quality of life for thou-
sands of years. In recent years, herbal products (secondary
metabolites) have been used to treat most human and an-
imal diseases due to their easy availability, ease of use, and
fewer side effects compared to chemical products (6-8). On
the other hand, plant-derived secondary metabolites, such
as phenol and total flavonoids, have a strong potential to
scavenge free radicals that are present in all different parts
of the plant, such as leaves, fruits, seeds, roots, and skin.
Therefore, regarding the high predominance of chronic
and erosive diseases, it is reasonable to use plants to pro-
vide the antioxidants needed by the body, especially plants
that are high in phenol and flavonoids. Therefore, to pro-
vide the natural antioxidants needed by the body, the con-
sumption of plants with high phenolic compounds is rec-
ommended (9).

Phenolic compounds and flavonoids have several bio-
logical properties, such as trapping free radicals and an-
tioxidant and anti-inflammatory properties. These com-
pounds prevent or delay oxidative damage to fats and
other important molecules and prevent cancer and coro-
nary heart disease (10-12). Phenolic compounds are among
the compounds that are present in all plants, including
fruits, vegetables, grains, etc. These compounds are among
the secondary metabolites of plants. Naturally, there are
over 8000 different phenolic compounds with effects such
as involvement in cell wall construction, involvement in
plant defense mechanisms, and involvement in fruit prop-
erties (such as color, aroma, taste, and taste in plants).
Phenolic compounds are also considered as indicators for
physiological stages during fruit growth (10).

Studies have shown that the source of phenols and
flavonoids in different parts of the world depends on the
diet of people in the region. For instance, in countries such
asJapan and China, the consumption of green tea provides
these compounds needed by the body, while in Western
countries, these substances are supplied by consuming ap-
ples and onions, and in Eastern countries, by consuming
fermented vegetables and foods (13).

In Iran, no specific source is widely used for antioxi-
dant intake; in other words, various sources, such as raw
and cooked vegetables, leaves of various plants and trees
(in the form of infusions, essences, essential oils, extracts,
jams, syrups, pickles, ingredients of detergents [including
cedar], and even in the form of curds), are used in this re-
gard.

Secondary metabolites of medicinal herbs have been

studied for their antimicrobial effects. It has been esti-
mated that at least one-third of all therapeutic outputs
are originated from plants or are modified after extraction
from plants. Besides preventing the growth of bacteria and
mold contaminating food, these materials are used to im-
prove the shelf life of processed fruits and vegetables (14,
15).

2. Objectives

Given that various curative herbs have different influ-
ences on microorganisms, and the use of different antibi-
otics is sadly common among people (16), in the present
study, we tried to study some of these medicinal plants, in-
cluding Cichorium intybus L. (17, 18), Hypericum perforatum
L. (19, 20), Lavandula angustifolia (21, 22), Thymus vulgaris L.
(23), and Taxus baccata (24), in human and sheep clinical
Staphylococcus aureus.

3. Methods

3.1. Plant Materials

Cichorium intybus L., H. perforatum L., L. angustifolia, and
T. vulgaris L. were collected from Shahrekord (Figure 1). The
leaves of the yew tree (T. baccata L.; Figure 1) were collected
from Behshahr. The plant species were identified in the
botanical laboratory of the University of Zabol.

3.2. Ethanolic Extract Preparation Method

Forty grams of dried leaves (in the shade and the vicin-
ity of air) of each plant were used. They were soaked in
400 mL of ethanol (96%) and then shaken in a shaker (SKIR-
601L, UniEquip, Germany) for 48 hours at room tempera-
ture. After the desired time, the extracts were filtered. The
solvent was evaporated at 40°C by a rotary device. Further,
100 mg of plant extract powder was weighed and dissolved
in dimethyl sulfoxide (DMSO) solvent (1 mL). The plant ex-
tracts were saved at a temperature of 4°C (4).

3.3. Bacterial and Fungal Strains
Clinical strains of bacteria (such as S. aureus) were pre-
pared from male patients (human) and sheep in Zabol City.

3.4. Determination of Minimum Inhibitory Concentration and
Minimum Bactericidal Concentration of Plant Essential Oils in
Escherichia coli

The minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) were deter-
mined for plants’ essential oils (28, 29). The minimum in-
hibitory concentration was defined as the lowest concen-
tration of plant extracts to stop the growth of bacteria at
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Figure 1. The appearance of plants used Thymus vulgaris L. (A), Chicory (B), Hypericum perforatum L. (C), Lavandula angustifolia (D), and yew (E). (Reference; Section A (25) And

Sections B, C, and D (26), Section E (27)).

the end of 24 hours of incubation. The minimum bacterici-
dal concentration was defined as the lowest concentration
of plant extracts in which 99.9% of bacteria did not grow
(28,29). All antimicrobial tests were repeated 3 times.

3.5. Antimicrobial Activity

The antimicrobial activities of 5 types of plant extract
against human microbes were conducted by the disk diffu-
sion (6 mm) method (30). The determination of microbial
susceptibility was conducted according to the method by
Bauer et al. (31).

The disks were exposed to UV light for 2 hours to be ster-
ilized. After preparing the microbial suspension, the plates
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were inoculated with sterile swabs impregnated with mi-
crobial suspension for 5 minutes. After complete contact
with the culture medium, 10 pL of plant extracts were
poured onto the disks with a sterile sampler. Then, the
plates were kept in an incubator for 18 to 24 hours at 37°C.
Next, the diameter of the non-growth zones was measured
with a caliper. To avoid any errors in the obtained results,
this experiment was repeated 3 times (30, 32).

3.6. Data Analysis

The experiment was done 3 times. The Statistix soft-
ware package version 10 (Analytical Software, Florida, USA)
was used for statistical analysis. Mean comparisons were
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performed using the least significant difference (LSD) at a
1% probability level. Excel 2010 was used to draw the fig-
ures.

4. Results

4.1. Minimum Inhibitory Concentration and Minimum Bacteri-
cidal Concentration of Plant Extracts

The MIC of chicory, thyme, H. perforatum, French laven-
der, and yarrow extracts in human clinical S. aureus were
6.25,12.5, 3.1, 25, and 6.25 ppm, respectively, while MBC in
the mentioned extracts were 12.5, 25, 6.2, 50, and 12.5 ppm,
respectively (Table 1). The MIC of chicory, thyme, H. perfora-
tum, French lavender, and yarrow extracts in sheep clinical
S. aureus were 12.5, 6.25, 3.1, 12.5, and 25 ppm, respectively,
while MBC in the mentioned extracts were 25, 12.5, 6.2, 25,
and 50 ppm, respectively (Table 2).

4.2. Diameter of Inhibition Zone of Plant Extracts in Human and
Sheep Clinical Staphylococcus aureus

The inhibitory diameter of plant extracts against hu-
man and sheep S. aureus at a dilution of 100 ppm was in-
vestigated, and it was found that different extracts had dif-
ferent effects on inhibiting bacterial growth (P < 0.01; Fig-
ure 2; Table 3). The LSD post hoc test showed that among
plant extracts, the most effective extract in inhibiting the
growth of S. aureus was the H. perforatum L. extract with
an 8.9-mm diameter growth inhibition zone. In addition,
the yew tree with a 6.6-mm diameter of growth inhibition
halo was ranked second (Figure 3). It should be noted that
plant extracts were more effective in human clinical S. au-
reus than in sheep clinical S. aureus (Figure 4).

5. Discussion

The MICs of chicory, thyme, H. perforatum, French laven-
der, and yarrow extracts in human clinical S. aureus were
6.25, 12.5, 3.1, 25, and 6.25 ppm, respectively but, in sheep
clinical S. aureus, were12.5, 6.25,3.1,12.5,and 25 ppm, respec-
tively. The MBCs of chicory, thyme, H. perforatum, French
lavender, and yarrow extracts in human clinical S. aureus
were 12.5, 25, 6.25, 50, and 12.5 ppm, respectively but, in
sheep clinical S. aureus, were 25,12.5, 6.25, 25, and 50 ppm,
respectively. The most effective extract in inhibiting the
growth of S. aureus was the H. perforatum L. extract with an
8.9-mm diameter growth inhibition zone.

The antimicrobial activity of bacteriocin-like com-
pounds produced by lactic acid bacteria isolated from
sheep milk, yogurt, and local butter against food-borne
bacteria was found; in the punctuation method, at least

one of the indicator bacteria showed inhibitory properties.
However, in in the well method, this number was reduced
to 39 isolates. All these interesting physicochemical prop-
erties allow the cell-free extract (supernatant) of some of
these isolates to be considered as biological preservatives
in food (33). In the present study, out of 45 tested strains,
38 human and 36 sheep clinical strains were inhibited by
all extracts.

In a study, the chemical composition and antibacterial
activity of Iranian Lavandula x hybrid were investigated,
and it was concluded that the diameter of the growth inhi-
bition zone was obtained in a range from 9.36 mm against
S. aureus to 23.3 mm against Escherichia coli. They also re-
ported that there was a significant relationship between
the composition of essential oil and the level of antibacte-
rial effect expressed as inhibition areas (34). In the present
study, the majority of plant extracts were effective against
S. aureus.

The effect of basil essential oil was investigated on
the microbial and sensory characteristics of Iranian tradi-
tional white cheese during ripening; the results showed
that the concentration of 150 mg/kg of essential oil on day
90 and the concentration of 250 mg/kg on days 30, 60, and
90 had an effect on the number of S. aureus and showed sig-
nificant inhibition (35). In the present study, it was found
that the plant extracts used in the minimum suffering, be-
tween 3.1to 25 ppm, inhibited the growth of S. aureus.

The effects of eucalyptus (Eucalyptus globulus L.) leaf
powder and its essential oil were investigated on growth
performance and immune response of broiler chickens;
the results showed that chickens receiving ELP and EEO
had higher antibodies against sheep erythrocytes (SRBC)
compared to the initial control response. However, no dif-
ference was observed in the secondary antibody response
against SRBC (36).

The antibacterial effects of nisin on S. aureus in refriger-
ated mutton were found, and it was concluded that differ-
entamounts of nisin had a significant effect on the growth
of the studied bacterium, but over time, the inhibitory
properties of nisin against the growth of S. aureus were re-
duced (37). In general, it can be concluded that the antimi-
crobial properties and also the use of plants to improve the
immune system of animals vary depending on the plant
species and type of microbes.

The synthesis of stable colloidal silver nanoparticles
with antibacterial properties using the T. baccata extract
was investigated; the results showed the MIC for E. coli and
S. aureus obtained at a concentration of 25 pg/mL (38). The
present study found that the MICs of ethanolic extracts of
chicory, thyme, hops, and yew in human clinical S. aureus
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Human

Figure 2. Diameter of plant growth inhibition zone in sheep and human clinical Staphylococcus aureus (A [Cichorium intybus L.], B [Hypericum perforatum], C [Taxus baccata], D
[Lavandula angustifolia], E [Thymus vulgaris L.], F [Cichorium intybus], G [Hypericum perforatum), H [Taxus baccata), I [Lavandula angustifolia), ] [Thymus vulgaris L.])
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Figure 3. Evaluation of diameter of growth inhibition zone, plant extract in growth inhibition of Staphylococcus aureus. Similar letters indicate no significant difference.
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Table 1. Minimum Inhibitory Concentration and Minimum Bactericidal Concentration of Plant Extracts in Human Clinical Staphylococcus aureus

Bacteria Strains Taxus baccata L. Nepeta binaludensis Hypericum perforatum Thymus vulgaris L. Cichorium intybus L.
MIC/MBC Jamzad MIC/MBC L. MIC/MBC MIC/MBC MIC/MBC
1 Not growth 25-50 12.5-25 12.5-25 25-50
2 6.25-12.5 25-50 3.1-6.25 12.5-25 25-50
3 6.25-12.5 25-50 3.1-6.25 12.5-25 25-50
4 50-100 25-50 6.25-12.5 12.5-25 6.25-12.5
5 Not growth 25-50 6.25-12.5 12.5-25 25-50
6 25-50 50-100 6.25-12.5 12.5-25 25-50
7 6.25-12.5 50-100 Not growth 12.5-25 6.25-12.5
8 25-50 50-100 Not growth 12.5-25 25-50
9 Not growth Not growth Not growth 25-50 12.5-25

Table 2. Minimum Inhibitory Concentration and Minimum Bactericidal Concentration of Plant Extracts in Sheep Clinical Staphylococcus aureus

Bacteria Strains Taxus baccata L. Nepeta binaludensis Hypericum perforatum Thymus vulgaris L. Cichorium intybus L.
MIC/MBC Jamzad MIC/MBC L. MIC/MBC MIC/MBC MIC/MBC
1 25-50 50-100 Not growth 25-50 12.5-25
2 50-100 50-100 Not growth 12.5-25 25-50
3 50-100 12.5-25 Not growth 12.5-25 25-50
4 25-50 50-100 3.1-6.25 12.5-25 50-100
5 25-50 50-100 3.1-6.25 6.25-12.5 50-100
6 50-100 25-50 Not growth Not growth 50-100
7 50-100 25-50 Not growth 12.5-25 50-100
8 50-100 12.5-25 Not growth Not growth 25-50
9 50-100 12.5-25 31-6.25 Not growth 25-50
Table 3. Variance Analysis of Growth Inhibition Zone Diameter of Different Plants Extracts Against Different Bacterial Agents at a Dilution of 100 ppm *
Source DF SS Ms F
Species 1 328.71 328.711 23.05**
Bacteria 4 196.62 49.156 3.45*
Species*bacteria 4 53.07 13.267 0.93™
Error 80 1140.89 14.261
Total 89 1719.29

a

" Significant at the level of 1%.

were 6.25,12.5,3.1,25, and 6.25, respectively. The mentioned
extracts in sheep clinical S. aureus were 12.5, 6.25, 3.1, 12.5,
and 25 ppm, respectively. In general, it can be concluded
that the MIC against bacteria varies, depending on the type
of plant and microbe.

Different levels of the cheese extract were studied on
performance, carcass characteristics, and some safety and
blood parameters of broilers. The results showed a signif-
icant difference between the experimental treatments re-
garding safety parameters. At 32 days of age, the highest

anti-SRBC antibody was observed in 0.3% treatment, and,
in 39 days, the highest property was observed in 0.2% and
0.3%. In general, they concluded that the cheese extract in
the diet could affect the bird’s immune system (39).

The effects of turmeric, cinnamon powder, and probi-
otic and antibiotic supplements in diets were investigated
on broiler performance, blood biochemistry,and immune.
The results showed that the use of various additives had
no effect on antibody titer against sheep erythrocytes (40).
Considering the positive effect of plant extracts used in the

Gene Cell Tissue. 2022; 9(2):e118752.
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Figure 4. Growth inhibition zone diameter of plant extracts in sheep and human clinical Staphylococcus aureus. Similar letters indicate no significant difference.

present study in sheep clinical S. aureus and especially the
greater effect of herbaceous herb, it is suggested that ad-
ditional tests be used in the diet to possibly improve the
immune system of sheep.

Although the occurrence of antimicrobial activity is of-
ten very obvious, its mechanism of action is not fully un-
derstood. There is evidence that essential oils exert their
antibacterial effect by altering the structure and function
of cell membranes. Studies on the mechanism of action of
essential oils have shown that these compounds increase
membrane permeability. The essential oil components
penetrate the membrane, causing the membrane to swell
and affect (reduce) its activity, eventually leading to cell
death. Essential oil components also have different an-
tibacterial effects. Even hydroxyl groups in the molecule of
essential oils (such as carvacrol, thymol, paracetamol, and
menthol) are very important for their antibacterial prop-
erties (1, 41).

This study proved that the 5 studied species have sig-
nificant antibacterial activity. These observations also re-
vealed that licorice extract has the strongest antibacterial
properties against S. aureus among the 5 tested species (42,
43).

Many herbal remedies have a synergistic effect on 1 or
more target areas. Recently, in order to overcome the ob-

Gene Cell Tissue. 2022; 9(2):e118752.

stacles and limitations of using essential oils as antimicro-
bials in the food industry, cases such as oxidation process,
evaporation, dissolution problems, reaction with other
substances, change of aroma, and organoleptic properties
of food and encapsulation techniques have been studied.
Therefore, in future research, it is suggested to study these
ideas.

5.1. Conclusions

Considering the side effects of chemical drugs and an-
tibiotics, as well as the considerable effect of medicinal
plant extracts used in this study, it was found that H. per-
foratum was the most effective plant against S. aureus.

Chemical compounds passed the test; thus, they are
valid in short- and even medium-term use, but in long-
term use, they may be dangerous. However, medicinal
plants, many of which have been approved for their edi-
ble properties and have adapted to the human body over
time, have far fewer risks than chemicals. However, the du-
ration of treatment with herbal substances is longer than
chemicals; thus, in the treatments that need to be urgent,
the same chemical drugs are currently offered. Herbs are
very useful for many treatments that do not need immedi-
ate treatment.
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