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Abstract

Background: Staphylococcus aureus is one of the important causative agents in mastitis.

Objectives: The aim of this study was determination antimicrobial effect of Ferulago angulata and different common therapeutic
antibiotics on growth of Staphylococcus aureus isolated from subclinical mastitis cases.

Methods: In this study the antibacterial effect of Ferulago angulata essential oil, aqueous and hydro alcoholic extract on Staphylococ-
cus aureus growth was done and compared with common therapeutic antibiotics such as tetracycline, erythromycin, kanamycin and
gentamicin by diffusion disk method. Minimum inhibitory concentration and minimum bactericidal concentration were tested
through tube standard method.

Results: Antimicrobial effect of essential oil and hydro alcoholic extract was increased by dose-dependently. 40 mg/mL extract and
20% essential oil are the highest dose with antimicrobial effect. Extract of Ferulago angulata has maximum antibacterial activity on
the growth of S. aureus.

Conclusions: Ferulago angulata had remarkable anti-bacterial effect on Staphylococcus aureus growth isolated from subclinical mas-
titis cases. In comparison Ferulago angulata essential oil was more powerful than extract. Regarding the fact that antibiotic resis-
tance is growing, Ferulago angulata as an herbal plant with anti-bacterial effect could be used in Staphylococcus aureus isolated from

subclinical mastitis cases.
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1. Background

Staphylococcus aureus is a Gram-positive, round-shaped
bacterium that that causes various infections in humans
and animals. The prevalence of staphylococcal mastitis
in the milk industry and its products has led to signifi-
canteconomic losses worldwide (1). The mostimportant of
these damages is the reduction in the amount of milk and
the disruption of milk production. Mastitis is a response
from the body to the damage to the breast tissue. Bacteria
is producing mastitis from the teat enter the tubers and,
after deployment in the tuber, create toxin (2).

In subclinical mastitis, the appearance of milk is nor-
mal, but milk composition changes such as increased
white blood cells and breast or somatic cell cells (SC), de-
creased milk fat, decreased casein, lactose depletion, milk
serum, increased milk chlorine, increased glycogen and re-

duced milk production (1). Diagnosis of subclinical mas-
titis can be detected by counting the number of somatic
cell milk (3). Most infections caused by Staphylococcus au-
reus are subclinical and delay in diagnosis and treatment
result in disease progression and form an acute form of
mastitis (4). So early diagnosis of subclinical mastitis and
its treatment is one of the most important the problems of
the cattle industry and dairy factories (5). Drug resistance
to common antibiotics in animal husbandry is important
in the pharmaceutical industry and the treatment of mi-
crobial diseases common in the animal husbandry and vet-
erinary medicine. The use of medicinal plants in various
forms, such as essential oils and plant extracts, is an appro-
priate solution for the replacement of natural substances
with chemical and synthetic drugs (6). Antimicrobial and
antioxidant properties of natural herbs can be a good idea
for obtaining new antibiotics (7). The Chavir, known as Fer-

Copyright © 2020, Journal of Clinical Research in Paramedical Sciences. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in

noncommercial usages, provided the original work is properly cited.


http://jcrps.com
http://dx.doi.org/10.5812/jcrps.97294
https://crossmark.crossref.org/dialog/?doi=10.5812/jcrps.97294&domain=pdf
https://orcid.org/0000-0003-0854-1875

Bohlouli S and Hasanvand S

ulago angulata, is located in the west of Iran, especially in
Kermanshah Province. This herb was traditionally used as
a digestive, hemorrhoid treatment. Ferulago angulata, as a
natural and rich source of monoterpenes has an antibacte-
rial effect (8).

Extracts and essential oils from seeds and plant aerial
parts, have strong antimicrobial effect. Hydro alcoholic ex-
tract of Chavir effect in immune system of rainbow trout,
which improves and strengthens the defenses of the body
of the fish (9). The phenolic compounds in the extracts
and essential oils of medicinal plants are considered as an-
tioxidant and antibacterial compounds and components
in these plants. Essential oil and extracts of Chavir plant
have numerous antioxidant properties due to its phenolic
and flavonoid combinations (10).

2. Objectives

Regarding the occurrence of drug interactions and the
importance of complications of Staphylococcus aureus sub-
clinical mastitis in the food industry and the production of
dairy products and the importance of native herbs in each
region, the aim of this study was to compare the antimicro-
bial effect of essential oil, aqueous and hydro alcoholic ex-
tract was used with antibiotics commonly used in the labo-
ratory against Staphylococcus aureus isolated from subclin-
ical mastitis cases.

3. Methods

3.1. Preparation of Plant

Ferulago angulata were collected from Dalahoo Moun-
tains in Kermanshah Province in Iran. After identified
by the herbarium of Islamic Azad University, Kermanshah
Branch, essential oil extraction (stems, leaves and flowers)
was performed by hydro distillation and clevenger-type ap-
paratus (1928) for 3 hours (11). In order to extract, the whole
plant was dried (stems, leaves and flowers) and powdered.
Extracts were extracted from distilled water and ethanol
80% solvents separately. The mixture was mixed with 50 g
of powder with 250 mL of ethanol 80%, and the resulting
mixture was stirred and stirred for 72 hours with a mag-
netic stirrer. Then filtered by Watten filter and dried under
reduced pressure at 37°C with rotator evaporator (9).

3.2. Collection of Milk Samples

Three hundred milk samples were collected from tradi-
tional and industrial cattle in Kermanshah Province. Sam-
pling was carried out in a completely sanitized and sterile
manner. Teats was washed with water, then dried disinfect

with 70% ethanol. Ten milliliter of milk were collected in
sterile tubes. Then, samples were kept in the freezer (-20°C)
until the appropriate bacteriological tests were performed

(12).

3.3. Detection of Subclinical Mastitis

Detection of subclinical mastitis (CMT) was used to de-
tect subclinical mastitis (13). One hundred and eighty sam-
ples were subclinical mastitis in this study.

3.4. Isolation of Staphylococcus aureus From Milk Samples

In order to isolate Staphylococcus aureus from milk
samples, initial culture was carried out in Baird-parker
agar medium containing potassium tellurite and egg yolk
emulsion (Merck Germany) and incubated at 37°C for 48
- 48 hours. Black colonies with transparent around them
are suspected of Staphylococcus aureus. For definitive and
final diagnosis, colonies in Blood Agar (Merck, Germany)
contain 5% sheep blood and were incubated at 37°C for
24 hours. The formation of beta hemolysis, Gram stain-
ing, appearance of colonies under microscope, and cata-
lase and coagulase tests were the definitive determina-
tions of Staphylococcus aureus. Staphylococcus aureus iso-
lated from milk samples were stored in tryptic soy broth
(TSB) Brock (Merck, Germany) containing 15% glycerol in
freezer (-20°C) (14).

3.5. Determine Antimicrobial Activity with Disk Diffusion
Method

To determine the sensitivity of Staphylococcus aureus
isolated from bovine mastitis to different concentrations
of essential oil and extract of Ferulago angulata, disk diffu-
sion test was performed using Kirby-Boer method.

A 24-hour culture of a bacterial suspension contain-
ing 0.5 McFarland dilutions was prepared as 0.5 X 10% X
CFU/mL and uniformly grown in a medium of Mueller-
Hinton agar (Merck, Germany). Antibiotic disks ery-
thromycin, kanamycin, tetracycline and gentamicin (an-
tibacterial medicine company)were placed on sterile foam
and incubated at 37°C for 24 hours and the diameter of
the inhibition zone was measured. Sterile disks were dis-
carded at concentrations of 30, 20, and 40 mg/mL of aque-
ous and hydro alcoholic extracts, and then disks were
transferred to the microbial contaminated area of the
Mueller-Hinton agar. In order to determine the antimi-
crobial activity of essential oil, 10.5 and 20% essential oil
was prepared by dimethyl sulfoxide (DMSO). Sterile disks
were placed on the surface of the culture medium of the
Mueller-Hinton agar contaminated with germs and 10 mL

] Clin Res Paramed Sci. 2020; 9(1):97294.


http://jcrps.com

Bohlouli S and Hasanvand S

of essential oil was discharged with concentrations pre-
pared on the disks. Plates containing extracts and essen-
tial oil disks were incubated in a culture medium infected
with germs at 37°C for 24 hours and the diameter of the
non-growth holes with caliper was measured in millime-
ters. The experiments were repeated 3 times.

Amicro dilution broth was used to determine the min-
imum inhibitory concentration (MIC) and Minimum bac-
tericidal concentration (MBC). Dilutions of 2, 4, 8, 16, 32,
and 64 mg/mL of aqueous and hydro alcoholic extracts and
dilutions of 1%, 2%, 4%, 6%, 8%, and 10% of Chavir were pre-
pared and filled into tubes test specimens were added to
the Muller Hinton medium. Then to each tube, each 1 mL
of the Muller Hinton medium, the concentration of 1 x 10°
CFU/mL was added. All tubes were incubated at 37°C for
24 hours and then the results were examined. The mini-
mum dilution of extract and essential oil which inhibited
bacterial growth at concentrations was considered as the
minimum inhibitory concentration (MIC). All of the tubes
lacking turbidity (non-growth of bacteria) were cultured
inaMueller-Hinton agar and at37°C for 24 hours at incuba-
tor, the first cultures in which no bacteria were observed as
the minimum bactericidal concentration (MBC) was con-
sidered (15).

3.6. Statistical Analysis

Data analysis was done using one-way ANOVA, Tukey'’s
test and SPSS software. P value < 0.05 was considered sig-
nificant.

4. Results

Based on the results of this study, the antimicrobial
effect of essential oil and extract of Ferulago angulata on
Staphylococcus aureus isolated from bovine mastitis in-
creased with increasing of concentration and dose of es-
sential oil and extract. The diameter of the inhibition zone
of the bacteria increases with increasing the concentration
of essential oil and extract. Study of the Ferulago angu-
lata essential oil compounds showed that cis-ocimene and
alpha-pinene were the most important compounds in the
essential oil. Table 1 shows the important compounds in
the essential oil. The results of antimicrobial activity of
various concentrations of Chavir essential oil in Staphylo-
coccus aureus isolated from bovine mastitis are presented
in Table 2. Using Ferulago angulata essential oil in all con-
centrations increased the diameter of the bacterial growth
inhibition zone and increases in higher doses were signif-
icant (P < 0.05). Our findings on the antimicrobial effect
of Chavir extract showed that the different concentrations

] Clin Res Paramed Sci. 2020; 9(1):e97294.

of hydro alcoholic extract in Staphylococcus aureus isolated
from bovine mastitis increased the diameter of the bacte-
ria inhibition zone, and in doses of 30 and 40 mg/mL have
a significant increase (P < 0.05). However, different con-
centrations of aqueous extract in Staphylococcus aureus iso-
lated from bovine mastitis increased the diameter of the
bacterial growth but this increase was not significant ex-
cept 40 mg/mL (P> 0.05) and only 40 mg/mL of aqueous
extract had antimicrobial effect (P < 0.05) (Table 3). The re-
sults of the study of the susceptibility pattern of Staphylo-
coccus aureus isolated from bovine mastitis compared with
the commonly used antibiotics inlaboratoryand the diam-
eter of the inhibition zone are visible in Table 4. Gentam-
icin with the highest susceptibility and erythromycin with
the least sensitivity to Staphylococcus aureus isolated from
bovine mastitis were identified. The results of the mini-
mum inhibitory concentration and minimum bactericidal
concentration of essential oil and extract showed that in
Table 5.

5. Discussion

Staphylococcus aureus is one of the most important
factors in subclinical mastitis, which can be transmitted
through environmental factors such as milking equip-
ment and infected hands (16). Staphylococcus aureus, with
its survival and survival capability in the bovine breast,
can cause subclinical mastitis and in the absence of treat-
ment of acute and chronic mastitis and can be considered
as the source of the disease by disposing of milk. Studies
have shown that a high percentage of subclinical mastitis
caused by Staphylococcus aureus (17). In this study, the an-
timicrobial effect of essential oil and aqueous and hydro
alcoholic extracts of Ferulago angulata were compared to
common antibiotics in Staphylococcus aureus isolated from
subclinical mastitis. Based on the results of this study, es-
sential oil and hydro alcoholic extract of Ferulago angulata
has significant antibacterial effects on Staphylococcus au-
reus isolated from bovine mastitis. Comparing the antibac-
terial effect of the essential oil and extract of the plant, es-
sential oil has a stronger antibacterial effect than hydroal-
coholic and aqueous extracts. The phenolic compounds
in the extract and essential oil of Ferulago angulata have
been identified (18). The phenolic compounds in the ex-
tracts and essential oil of medicinal plants are considered
as antioxidant and antibacterial compounds and compo-
nents in these plants (19, 20). In other study identified the
compounds in the essential oil by GC/MS and water distil-
lation methods. Cis-osimen and alpha-pineneare are The
major compounds in Ferulago angulata essential oil (21).
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Table 1. The Most Important Compounds of the Essential Oil of Ferulago angulata

Compound

Compound

Compound

Compound

Compound

Cis-Ocimene
Alpha-Pinene

Trans-Beta-Ocimene

Noe-Allo-Ocimene
Beta-Phellandrene

Alpha-Terpinolene

Spathulenol
Alpha-Terpinene

alpha-Phellandrene

Alpha-Copaene
Geranyl

Isovalerate

Borneol
Epi-alpha-Cadinol

Cis-Jasmone

Gamma-Terpinene Bicyclogermacrene Beta-Bourbonene Methyl Eugenol Gamma-Elemene
Germacrene-D Delta-Cadinene Linallo Trans-Caryophllen Cuparene
Limonene Delta-3Carene Beta-Cubebene Beta-Elemen Alpha-Cadinene
Bornyl Acetate Germacrene-B Alpha-amorphene Alpha-Cadinol Ledene
Camphene Para-Cymene Terpinene-4-01 Beta-Bisabolene Alpha-Terpineol
Table 2. The Zone of Inhibition of Staphylococcus aureus Growth by Different Concentrations of Essential Oil*
Different Concentrations Ferulago angulata Essential Oil, %
Essential oil, % 10 15 20
Zone of inhibition, mm 14.8 £ 015" 19.2 4+ 033" 24.4 4 035°

Values are expressed as mean =+ SD. Non-identical letters in a row indicate a significant difference between the antimicrobial effects of various concentrations of the

essential oil (P < 0.05).

Table 3. The Zone of Inhibition of Staphylococcus aureus Growth (mm) by Different
Concentrations of Aqueous and Hydro Alcoholic Extract (mg/mL)*

Concentration of Extract, mg/mL

20 30 40
Hydro alcoholic extract 141+025" 18640155  2384033¢
Aqueous extract 12904+033" 1B9+o018"  157+02°

Values are expressed as mean = SD. Non-identical letters in a row indicate a
significant difference between the antimicrobial effects of different concentra-
tions. The same letters in a row indicate no significant difference (P < 0.05).

Chavir essential oil with antioxidant compound have an-
timicrobial activity, it can be used to control staphylococ-
cal poisoning, especially in food products (22). In survey
of antimicrobial activity of several plants on Gram-positive
and negative bacteria was announced, Ferulago angulata
have the highest antimicrobial activity (23). In another
study, it has been suggested that Ferulago angulata essen-
tial oil has antimicrobial effects on Staphylococcus aureus
and has inhibitory effects on Gram-positive bacteria more
than Gram-negative bacteria (20). It seems that natural
herbal compounds such as essential oil and herbal extracts
against Gram-positive bacteria have more antimicrobial
effects than Gram-negative bacteria (23). In other study
the essential oil of Ferulago angulata showed stronger an-
timicrobial activity than other species (24). The antimicro-
bial effects of Ferulago angulata that collected from Cha-
harmahal and Bakhtiari Province in Iran, was survey on
different bacteria and antibiotics in the laboratory. Re-
searchers found that the hydro alcoholic extract of Feru-

lago angulata extract compared to conventional antibiotics
has a greater inhibitory effect on some bacteria such as
Staphylococcus epidermidis. Ferulago angulata extracts on
Gram-positive bacteria also have a more inhibitory effect
on Gram-positive bacteria than the Gram-negative bacte-
ria. By increasing the dose, the antimicrobial activity of the
extract increases. The results of these studies are similar
with our results research (25). Findings of other study in-
dicated that the essential oil of Ferulago angulata seed have
antibacterial and antifungal activities, it could be used as a
natural antimicrobial agent (26).

5.1. Conclusions

The results of this study showed that essential oil and
extract of Ferulago angulata have significant antibacterial
effect on Staphylococcus aureus isolated subclinical masti-
tis.

Regarding the healthy appearance of milk in the sub-
clinical mastitis, it can be stated that the disease is one of
the important health problems in the milk industry and
its products and significant economic and health conse-
quences. It entails innumerable economic losses to the
dairy industry of the country. On the other hand, increas-
ing the resistance of antibiotics in human and animal
made serious dangers in humans. Use of natural herbs
such as Ferulago angulata with high and impressive antimi-
crobial effect can be a good alternative to synthetic antibi-
otics in the pharmaceutical industry.
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Table 4. Mean Diameter of Staphylococcus aureus Non-Growth Caused by Different Antibiotics®

Erythromycin Kanamycin Tetracycline Gentamicin
Antibiotics dosage, ;1g/disk 15 30 30 10
Zone of inhibition, mm 161+ 035 19.47 + 0.23 20.03 % 0.51 21.2 £+ 037

#Values are expressed as mean =+ SD.

Table 5. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Con-
centration (MBC) of Essential Oil and Extract of Ferulago angulata

Essential Oil, % Hydro Alcoholic Aqueous Extract,
Extract, mg/mL mg/mL
MIC 4 4 8
MBC 6 8 16
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