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The antibacterial and antioxidant activities of Lavandula stoechas and Crepis sancta
extracts on subclinical mastitis bacteria in cows have not been reported to the present day.
The aim of this work was to investigate of the antibacterial and antioxidant potential of
methanol extract from L. stoechas and C. sancta. Methanol extracts were screened for
antibacterial activity against mastitis pathogens. The antibacterial activity was tested
using disc diffusion and broth dilution method. In addition, the plant extracts were tested
against the stable DPPH (1,1-Diphenyl-2-picrylhydrazyl) free-radical. Additionally
methanol extracts were screened for enzymatic antioxidant activity. The methanol extract
of C. sancta showed maximum inhibition zone against S. aureus-18 (16 mm). MIC
(minimum inhibition concentration) value was determined as 3250 pg/mL for test
bacteria. The highest radical scavenging capacity (62 %) was obtained from the flower
extracts of L. stoechas and the leaf extracts of C. sancta. The methanol extract of C.
sancta displayed a strong antioxidant activity (trolox equivalent = 1.6 mM/g). It was
determined that the activities of catalase (CAT) and ascorbate peroxidase (AP) enzymes
were higher at the flowers of L. stoechas compared to the leaves. The extracts of L.
stoechas and C. sancta leaf and flower have antibacterial and antioxidant potential
against subclinic mastitis causative agent Staphylococci species.
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Introduction

Milk is a perfect bacteriological media for many
microorganisms. When milked under hygienic conditions
from a healthy cow, milk contains only a limited number
of microorganisms present in the mammary duct. Sources
of contamination can be the environment, milking
equipments and the milker itself (Seguin et al., 1999;
Khan et al., 2000). The most common microorganisms
that cause mastitis are Staphylococcus, Streptococcus and
coliform bacteria (Morin et al., 1998). Mastitis is the
inflammatory reaction of the mammary gland tissue
against several agents. Having been reported for years as
the most common one among the bacterial agents of
mastitis, Staphylococcus aureus still maintains this
position (Karahan et al., 2009). S. aureus creates the
normal flora of the skin and the mucous membrane
(Mahon and Larsen 1995). As for the coagulase-negative
staphylococci, which in the past were isolated from
mastitis at a lower frequency, have been more commonly

isolated from mastitis in the recent years and its
prominence among the causes of disease gradually
increases (Huxley et al., 2002; Taponen et al., 2006).
Despite the fact that in subclinical mastitis infectious
agents occur on the mammary gland and inflammatory
changes take place in milk, no clinical changes take place
on mammary gland or in milk. Diagnosis of this type of
mastitis can only be made through some special tests
(Rajala-Schultz et al., 2004). While clinical mastitis is
observed in the form of sporadic cases, in the case of
subclinical mastitis since the cows continue to spread the
infection, the disease may infect other animals in the herd
(Mustafa et al., 2011).

Mastitis is a frequently observed disease in dairy cattle
and causes the highest economic loss in the dairy cattle
breeding industry. It is reported that worldwide annual
loss caused by mastitis is 35 billion dollars (Watts, 1988;
Bramley, 1996; Wellenberg et al., 2002).
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In the treatment of the disease, antibiotics are widely
used. Long-term use of antibiotics resulted in the
development of strains resistant to multiple antibiotics,
which in turn caused the use of increased doses of
antibiotics and therefore antibiotic residue in milk.
Eventually, a potential bio threat has risen (Dhanabalan et
al., 2008). Mastitis cases caused by antibiotic-resistant S.
aureus progress in a severe way and through the
contaminated milk, resistant bacteria may infect the
environment, other cows in a herd, and also humans
through direct contact or via the food chain (Turutoglu et
al., 2009). Due to this reason, today's scientists search for
discovering and using new antibiotics against the bacteria
that developed multiple antibiotic resistances.

As compounds that have high activity, free radicals
originate from endogenous sources during the vital
activities such as respiration, enzyme and auto oxidation
reactions and from ambient sources such as cigarette
smoke, air pollution, UV rays, ionized radiation and
xenobiotics (Young and Woodside, 2001). Antioxidants
are molecules that prevent the oxidation caused by free
radicals, and that are able to interact with and stabilize
free radicals. Depending on their sources, antioxidants
are divided into two groups as artificial and natural
antioxidants (Serteser and Gok, 2003). Natural
antioxidants are present in nearly all plants,
microorganisms and some animal tissues (Can et al.,
2005). By developing varying types of antioxidants,
plants have developed protection systems against the
damages of the active oxygen forms caused by several
stresses. By this means, with the help of antioxidant
enzymes (catalase and ascorbate peroxidase), radical-
scavenging compounds (caratenoids, ascorbic acid) and
the other synthesized components, plants repair their cells
and genetic materials (Mishra et al., 2005; Amira et al.,
2012).

Turkey is rich in terms of endemic plants and covers
the natural habitat of 10500 taxa, of which 3500 are
endemic only in Turkey (Kaya and Raynal, 2001). The
flora of the Amanos Mountains was identified with 91
family, 419 genera and 880 species (Akman, 1973).
Considering that Turkey's flora has 1251 genera, (Davis,
1965-1988; Giiner et al., 2000) it is understood that
Amanos Mountains contain half of the plant genera
available in Turkey. Within this floristic diversity, the
endemism rate in the region is around 10% ('Yolcu, 2005).

Included in the Lamiacaea family, Lavandula
stoechas is a perennial plant. The Lavandula stoechas
subsp. stoechas subspecies of lavender grows naturally in
the city of Hatay between the elevations of 100 and 700
meters. The species that is common in the Mediterranean
Region is a 45 - 50 cm tall, pilous, strong scented and
bushy plant. The most distinctive characteristics of this
plant are its 0.5 — 2.5 cm pedicel and has a thickset plant
form (Akman, 1973; Baytop, 1984). The volatile oil
obtained from its leaves is used for treating headache,
sleep withdrawal, burn injuries and as an expectorant.
Other than these, it is also utilized in the cosmetics
industry (Baytop, 2000) and as an ornamental plant.

Crepis sancta belongs to the Asteraceae family and its
flowers are used in treating eye diseases, while its
aboveground parts are used as feedstuff. Its tea is used for
dilating blood vessels (Gengay, 2007), and its fresh leaves

are used in salads (Ertug, 2004; Tirkoglu, 2000).
Fleurentin et al.(1986) reported in their study that Crepis
rueppellii ~ (Sch.) Bip. ethanol extracts exhibit
hepatoprotective effect against CCls. In their study,
Cakilcioglu et al. (2007) reported vasodilating properties
of Crepis alpina L.

Although the literature includes studies on Lavandula
stoechas, no study conducted for Crepis sancta could be
found. No study concerning the antioxidant capacities and
the antibacterial activity against pathogen bacteria and
particularly against the agents of mastitis of the two
edible medical herbs used in the present study could be
found. The purpose of the present study is to examine the
antibacterial activity of the leaf and flower extracts of
Lavandula stoechas and Crepis sancta on coagulase
negative Staphylococcus and S. aureus isolated from
subclinical cow mastitis, and to determine the enzymatic
and non-enzymatic antioxidant activities of the flower and
leaf extracts of the two plants.

Materials and Methods

Plant Material

The study material plant samples of Lavandula
stoechas and Crepis sancta were collected in April 2013,
from various localities on the Amanos Mountains in
Hatay. Plant materials were identified by Dr. Hikmet
Yolcu and kept in the Turkey herbarium of Mustafa
Kemal University Department of Biology. Identification
of plant materials was carried out according to Davis
(1965-1988).

Microorganisms

A total of 7 microorganisms sources among mastitis
agents were used in the study, out of which two were S.
aureus and the remaining five were CNS (coagulase
negative Staphylococcus). All mastitis agents were
isolated by Dr. Zafer Cantekin in a previously conducted
project study (Project no: 1101 M 0103; Ethical
Committee no: 2010/02-30:12). Identifications of all
mastitis pathogens were carried out by using biochemical
tests with classic culture methods (Quinn et al. 1994).

Preparation of Plant Materials

The flower and leaf components of the plants to be
used in antibacterial activities and radical scavenging
studies were washed a couple of times in streaming water
and once in sterilized and distilled water. The flowers and
leaves of the fresh plants were air dried and later
pulverized in a mill. Until the preparation of samples, all
materials were stored at room temperature, and then kept
until needed for analyses at 4°C. The leaves and flowers
of the plants to be used in antioxidant enzyme activity
studies, on the other hand, were kept fresh in a freezer (-
20°C) until needed for analyses.

Preparation of Plant Extracts
Air dried and pulverized plant samples were extracted
through the use of methanol and soxhlet apparatus. After
volatilizing the extracts, each of them was kept in
methanol in small sterile opaque bottles under refrigerated
conditions. Concentrations of all extracts were arranged
as 100 mg/mL.
544
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Cultivation

Mastitis agents were obtained from the previous study
of Dr. Zafer Cantekin. Plant leaf and flower extracts were
tested against mastitis agents. The bacteria used in the
study were cultured by 24 hours incubation in Mueller -
Hinton Broth (MHB, Merck) medium at 37°C. In all tests,
18 hour old active cultures were utilized and the turbidity
of all bacterial cultures was arranged as per 0.5
McFarland.

Determination of In Vitro Antibacterial Activity

Antibacterial activity studies were conducted with the
use of the Bauer-Kirby disc diffusion method. Methanol
extracts of plant flowers and leaves (100 mg/mL) were
tested with disc diffusion method. Test bacteria were
incubated on Mueller - Hinton Agar plates (MHA, Merck)
at 37°C for 24 hours. The turbidity of the mastitis agent
bacteria cultures were arranged according to 0.5
McFarland. The inhibition zones generated after
incubation were measured in mm. Within the scope of the
tests, methanol was tested as the negative control, while
standard antibiotic disk (ampicillin, 10 pg) was tested as
the positive control (Bauer et al. 1994). All tests were
carried out in three repetitions.

Minimum Inhibitory Concentration (MIC)

Another antibacterial activity test conducted within
the scope of the study is the determination of the
minimum inhibition concentration (MIC) values. Broth
dilution method was tried as it is defined in CLSI
standards (CLSI, 2003; CLSI, 2006). MIC values of all
flower and leaf extracts were recorded and reported as the
lowest concentration that inhibits the post-incubation
growth. The final concentrations of each extract were
carried out to be 6500, 3250, 1625, 812.5 and 406.2
pug/mL.

Determination of Enzymatic and Non-Enzymatic
Antioxidant Activities

In the non-enzymatic antioxidant activity studies,
DPPH was used as free radical. The extract (0.1 mL) used
in the tests, was added to 0.1 mM methanolic DPPH
solution 3.9 mL. After 30 minutes of incubation, the
absorbance of the extract was detected at 515 nm by using
spectrophotometer. While the methanolic DPPH was used
as the control (Brand-Williams et al. 1995), trolox was
used as the standard antioxidant. DPPH radical
scavenging activity (%) was determined in line with the
following formula.

DPPH = [Abs (control) — Abs (extract)] x 100

Within the scope of the enzymatic antioxidant studies,
antioxidant enzyme activities were determined in the
flowers and leaves of the fresh plants. In this study
ascorbate peroxidase and catalase enzyme activities were
tested. Ascorbate peroxidase (AP, E.C. 1.11.1.11) activity
was determined by measuring ascorbate oxidation rate in
290 nm according to Cakmak and Marschner (1992) and
Cakmak (1994). Catalase enzyme activity (CAT, E.C.
1.11.6.1) on the other hand was measured with a
spectrophotometer as per the decomposition rate of H;0-
at 240 nm (Cakmak and Marschner, 1992). AP and CAT
enzyme activities were calculated and recorded in terms
of (uM/min/g F.W) and fresh weight. All tests were
conducted simultaneously with three repetitions and the
obtained results were expressed as averages.

Results

Antibacterial activities of the methanol extracts of the
leaves and flowers of Lavandula stoechas and Crepis
sancta were tested on S. aureus isolated from subclinical
cow mastitis. Antibacterial activities of methanol extracts
belonging to the separate components of the two plants
used against the test bacteria, and the inhibition zone
diameters of the reference antibiotic are summarized in
Table 1.

Data obtained as a result of the study show that
methanol extracts belong to leaves and flowers of
Lavandula stoechas and Crepis sancta have antibacterial
activity on mastitis pathogens. While extracts of both
plants have antibacterial activity on all test bacteria, no
activity was determined only on S. aureus-18. When
antibacterial effects of leaves and flowers extracts on S.
aureus and CNS species are compared, the highest
activity from leaf extract of C. sancta on S. aureus-18 was
determined as (16 mm) and the lowest activity was found
on CNS-32 as 10 mm. While leaf extract of C. sancta
shows high activity against both S. aureus, antibacterial
activity shown against CNS is found to be partially lower.
While C. sancta shows high inhibition effect against the
development of all test bacteria, both extract of L.
stoechas do not show inhibition effect against only S.
aureus-18. Further, antibacterial effects of leaves and
flowers of L. stoechas are found to be lower comparing
with C. sancta. In addition, in the values of extracts of
different parts of L. stoeachas close to each other are
determined to have antibacterial effect. While both extract
of L. stoechas show the highest activity against CNS-36
(13 mm), the lowest antibacterial activity from leaf extract
against CNS-22 was determined as 8 mm (Table 1).

Table 1 The antibacterial activities of Lavandula stoechas and Crepis santa against mastitis pathogens

Inhibition zone diameter (mm)
Bacteria Plant extracts (100 mg/mL) Antibiotic

Lavandula stoechas (leaf) ~ Lavandula stoechas (flower) Crepis sancta (leaf) A
S. aureus- 17 9 10 15 18
S. aureus- 18 - - 16 12
CNS-22 8 9 12 -
CNS- 32 9 9 10 10
CNS- 33 9 9 14 8
CNS- 36 13 13 12
CNS- 37 10 11 12 -

CNS: coagulase negative staphylococci, A: ampicillin (10pg), (-): no inhibition
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Table 2 MIC values of Lavandula stoechas and Crepis sancta extracts

Bacteria Plant extracts (ug/mL)
Lavandula stoechas (leaf) Lavandula stoechas (flower) Crepis sancta (leaf)
S. aureus- 17 6500 3250 6500
S. aureus- 18 3250 3250 6500
CNS - 22 3250 3250 6500
CNS - 32 6500 3250 6500
CNS - 33 3250 3250 3250
CNS - 36 3250 3250 3250
CNS - 37 3250 3250 6500

CNS: coagulase negative staphylococci

Table 3 Enzymatic and non-enzymatic antioxidant activities of L. stoechas and C. sancta extracts

Plant extracts (100 mg/mL)

Antioxidant activity

Lavandula stoechas (leaf )

Lavandula stoechas (flower)  Crepis sancta (leaf )

DPPH (%) 42
TE (mM/qg) 11
CAT (uM/min/g FW) 0.33+0.02

AP (uM/min/g FW) 6.86 + 0.26

62 62

1.6 1.6
0.47+0.03 0.88 £0.04
8.55+0.11 9.29 +0.26

CAT: Catalase activity AP: Ascorbate peroxidase TE: Trolox equivalent FW: fresh weight

Antibacterial activity studies have been tested against
mastitis pathogens by using broth dilution method. In
Table 2, MIC values of methanol extracts belong to leaves
and flowers of Lavandula stoechas and Crepis were
summarized. While all of flower extracts of L. stoechas
shows 3250 pg/mL MIC value, different MIC values were
determined in leaf extracts of both plants (Table 2).

Non-enzymatic antioxidant activities of the leaf and
flower methanol extracts of Lavandula stoechas and
Crepis sancta (100 mg/mL) were determined by means of
the DPPH radical scavenging capacity. Antioxidant
activities of the methanol extracts belonging to L.
stoechas and C. sancta are summarized in Table 3. DPPH
radical scavenging capacity was determined by using
trolox as the reference antioxidant, and the data obtained
from the study were recorded on the basis of trolox
equivalents. Within the scope of the study, the highest
radical scavenging capacity (62%) was obtained from the
flower extracts of L. stoechas and the leaf extracts of C.
sancta, while the lowest radical scavenging capacity (42
%) was obtained from L. stoechas leaf extract. Similarly,
also the trolox equivalents of the methanol extracts
exhibited different values, and the highest trolox
equivalent value of 1.6 mM/g was obtained from the same
aboveground parts (Table 3).

In the study, antioxidant enzyme activities of the fresh
leaves and flowers of Lavandula stoechas and Crepis
sancta were determined. In enzymatic antioxidant activity
studies, ascorbate peroxidase and catalase enzyme
activities were tested. According to the results of the
study, it was determined that when considering the
aboveground parts of L. stoechas, both antioxidant
enzyme activities are high in the flower component.
While the catalase activity in L. stoechas flower was
determined to be 0.47 pM/min/gF.W, ascorbate activity
was determined to be 8.55 uM/min/gF.W. However, the
enzymatic antioxidant activities of the leaves of L.
stoechas were found out to be lower than that of the
flowers.

As for the enzymatic activities of the leaves of Crepis
sancta, they were determined to be higher than that in the
other components of the plant. The highest enzyme
activity was obtained from the ascorbate peroxidase
enzyme activity in the leaves of C. sancta (9.29
pM/min/gF.W) (Table 3).

Discussion and Conclusion

Mastitis is a disease that results in heavy economic
losses such as 70% from milk yield, 9% from milk
disposal after treatment, 7% from veterinary services cost
and 14% from premature exclusion from herd (Bhikane
and Kawitkar, 2000). Antimicrobial agents are used for
treatment of mastitis during the milking period and for
protection in the dry period. This approach is very
important in terms of curative and prophylactic
intervention. Due to the insensible consumption of
antibiotics today, bacteria started to develop an ever
strengthening resistance against antibiotics. Therefore,
today's studies focus on the discovery of new medicines.
World Health Organization reports that 74% of the
medicines consumed from vegetal sources have a modern
indicator and that their traditional and cultural uses are
related though local cultures (Das Ayyappa and Doss,
2009).

Antibacterial activity analyses were conducted on 7
Staphylococci isolated from subclinical cow mastitis (2 S.
aureus and 5 CNS). Leaf and flower methanol extracts
belonging to Lavandula stoechas and C. sancta were
found out to be effective against mastitis pathogens
(Table 1).

The highest antibacterial activity in the study was
obtained from C. sancta leaf extract against S. aureus-18
(16 mm) (Table 1). Similarly, in the study they conducted
Ndom et al. (2006) reported that the compounds obtained
from Crepis cameroonica had an effect that inhibited the
development of S. aureus. On the other hand, in the study
they conducted with Pilosella sandrasica, Ugur et al.
(2009) reported antibacterial activity effective against S.
aureus. These studies conducted in the recent years
support our results.

546



Ergiin et al., | Turkish Journal of Agriculture - Food Science and Technology, 6(5): 543-549, 2018

According to the findings of the present study, the
antibacterial activity of the leaf and flower extracts
belonging to L. stoechas was found out to be lower than
the activity of C. sancta (Table 1). In the compilation
conducted by Zidron (2008), it is reported that the
different species of Crepis contain a high number of
secondary metabolites, which are gathered under three
groups as costus lactone type guaianolides, lactusine type
guaianolides and hierasin type guaianolides. It is
considered that this diversity among plant species may be
due to the land differences and different types of
vegetation.

In the study it was also determined that the extracts of
different components of L. stoechas have similar levels of
antibacterial activity (Table 1). In a study conducted with
Lavandula stoechas L., it was reported that although the
rate of essential oil varies in the flowers and leaves, the
active compounds carried show similarity, and some of
these compounds were similar to the essential oil of L.
cariensis (Tanker et al., 1977). In this respect, it is
considered that the similar antibacterial activities
exhibited by different plant components are a natural
result.

Minimum inhibitory concentration is defined as the
minimum concentration of the antimicrobial substance
that inhibits the visible growth of the microorganism after
a whole night of incubation. Considering the data
obtained from the study, the minimum inhibitory
concentration of the extracts of different parts of L.
stoechas and C. sancta was determined to be 3250 ug/mL
(Table 2). Aligiannis et al. (2001), classified plant
materials on the basis of MIC results and classified MIC
values up to 500 pg/mL as strong inhibitor, the values
between 600 and 1500 pug/mL as moderate inhibitor and
values over 1600 pg/mL as weak inhibitor. According to
this, the methanol extracts of L. stoechas are C. sancta
accepted as weak inhibitor against mastitis pathogens.

In the non-enzymatic antioxidant activity analyses, the
highest radical scavenging capacity was obtained from L.
stoechas flower and C. sancta leaf extracts (62%) (Table
3). While Orhan et al. (2012) reported 42% DPPH radical
scavenging activity in Crepis foetida L., Ferreira et al.
(2006) reported 70% in Lavandula pedunculata, and
Miliauskas et al. (2004) reported 35% in Lavandula
angustifolia. These results are similar to our own
analyses. Other than this, in the phytochemical analyses
conducted on Lavandula stoechas, it was determined that
the aboveground parts of the plant contain glycoside and
saponins (Baytop, 2000), oleanolic acid, ursolic acid,
versatic acid, B-sitosterol, a- amyrin, a-amyrin acetate and
vitexin (Ulubelen and Olcay, 1989), longipin derivatives
(Ulubelen et al., 1988; Upson et al., 2000 ), and molecules
such as 7-methoxy coumarin and lavanol. In addition, it
was reported to contain essential oil at the rates between
0.77 - 1.2 %, and fenchone, camphor, pinocarvyl acetate,
eucalyptole and mirtenol as the main components (Gilani
et al., 2000).

In the study, the antioxidant activities of the leaf and
flower extracts of L. stoechas were found out to be
different than each other (Table 3). Shahidi and Marian
(2003) stated that the differences in the antioxidant
activities of plant extracts can be due to the qualitative
and quantitative compositions of the phenolic

components. The composition of plant extracts and oils
on the other hand were connected to the local climate and
environmental conditions in several studies (Janssen et
al., 1987; Sivropoulou et al., 1995). In the study Goren et
al. (2002) conducted with L. stoechas ssp. stoechas, the
authors reported that only the plant essential oil contains
42 separate components. This report also supports the
results we obtained from out study.

According to the enzymatic antioxidant activity
analyses, the activities of the leaves of Crepis sancta was
found out to be higher than the enzyme activities of the
leaves and flowers of L. stoechas. It was also determined
that the catalase and ascorbate peroxidase activities of L.
stoechas flowers were higher, despite the lower activities
of the leaves (Table 3). It is stated that the phytochemicals
available in plants may differ based on the conditions in
which the plant grows and the genetic factors. It is also
known that also the growth of the plant and even the hour
when sampling was carried out may alter plant content
(Oztirk et al., 2005). It is stated that under stress
conditions such as salinity, aridity, flooding and heavy
metals, antioxidant enzyme activity increases (Keles and
Oncel, 2002; Ergiin and Oncel, 2012). It is known that the
responses plants give against stress vary according to the
species of the plant, its development, the habitat it grows
and the duration of the stress it is exposed to.

According to the results obtained from the study, it
was determined that L. stoechas and Crepis sancta
extracts have high antibacterial activity against mastitis
agents. In the conclusion of the study, it is determined
that both of the plants exhibit high levels of activity and
therefore can be considered as alternative antibiotic
sources. In addition, it is needed to further examine the
compounds of the essential oils and extracts of the
medical herbs that are determined to have high
antioxidant and antibacterial effects. On the other hand, it
is also necessary to examine the reliability and toxicity
problems of such compounds.
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