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Antibiotic resistance is being constantly developed worldwide. Coagulase Negative
Staphylococci (CNS) and Staphylococcus aureus are common causes of bovine
subclinical mastitis. Bioactive compound of medicinal plants shows anti-microbial, anti-
mutagenic and anti-oxidant effects. The anti-bacterial and anti-oxidant activities of
Liquidambar orientalis (L. orientalis) extracts on subclinical mastitis causing bacteria in
cows have not been reported to date. The aim of the present study was to examine anti-
bacterial and anti-oxidant effects of L. orientalis leaf extracts on S. aureus and CNS
isolated from cows with subclinical mastitis symptoms. In this study, 3.2 mg/mL
minimum inhibitory concentration (MIC) of ethanol extracts of L. orientalis has shown to
be a most potent anti-bacterial and anti-oxidant for all isolated bacterial species from
mastitis cows. In this study, it was investigated anti-bacterial and anti-oxidant potentials
of acetone, methanol and ethanol extracts of the L. orientalis. The acetone extract showed
maximum inhibition zone against S. aureus numbered 17 (12 mm). In addition to anti-
bacterial properties, anti-oxidant activity of L. orientalis extract was examined by ABTS
[2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)] free radical assay. Trolox was
used as a positive control anti-oxidant. Ethanol extract exhibited a strong anti-oxidant
activity like Trolox anti-oxidant which was effective at 2.58 mM concentration. Bioactive
compounds of sweet gum may be useful to screening mastitis causing bacteria for clinical

applications.
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Introduction

Mastitis is an inflammatory disease of the breast that
is frequently encountered in dairy cattle which leads to
serious economic losses of about $ 35 billion globally
(Watts, 1988; Bramley et al., 1996; Wellenberg et al.,
2002). Among the bacterial pathogens of mastitis,
Staphylococcus aureus (S. aureus) has been reported for
many Yyears as the most frequently isolated agent
(Karahan et al., 2009). However, Coagulase-Negative
Staphylococci (CNS) is also becoming an important
problem for subclinical mastitis (Huxley et al., 2002;
Taponen et al., 2006).

Mastitis is caused by various factors. Due to
inflammation in the mammary gland some changes occur
in the milk production as well as milk quality. The most
important change is an increase in the number of
leukocytes (white blood cells) in milk (Rajala-Schultz et
al., 2004). Although subclinical mastitis has adverse
effect on mammary gland tissue and creates inflammatory
changes, no significant phenotypic clinical symptom
occurs in the mastitis cow. Diagnosis of such mastitis
could be done only using special clinical laboratory tests.

Early diagnosis has important role to prevent further
spread of mastitis. Literature suggests that early treatment
could decrease the disease (Bastan, 2013). Antibiotics are
widely used in the treatment of such mastitis disease
(Riffon et al., 2001; Phuektes et al., 2001). However,
widespread use of antibiotics poses serious side effects,
antibiotic resistance development and also antibiotic
residues accumulates in the milk. Mastitis caused by
antibiotic-resistant S. aureus is severe and could be
transferred from animal to human either by direct contact
or by food chain (Turutoglu et al., 2009). Widely used
antibiotics in the successful treatment of mastitis could be
screened by antibiotic susceptibility test. However it is
hard to apply in the field conditions. Due to antibiotic
resistance, S. aureus caused diseases have become hard to
cure these days (Bastan, 2013). Therefore, it has become
public health burden as well as economic loss. Reasoning
this, it is an important and practical need to focus on
discovering a new class of antimicrobial agent against
such bacteria.
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Turkey is a rich country in terms of endemic plant
species covering 10500 taxonomic habitats naturally.
3500 of these endemic plants has medical importance
(Kaya and Raynal, 2001). L. orientalis is commonly
known as sweet gum or Turkish sweet gum, is one of the
endemic species having important medicinal values (Efe,
1987).

Hermaphrodite flowers of L. orientalis explode from
March to April (Alan and Kaya 2003). Global blooming
flower of L. orientalis is observed in saggy shape of 3-7
cm length, 1-2 cm diameter. The fruit contains woody
covering large number of seeds (also called gumball) in 2-
4 cm diameter. The height of the L. orientalis tree varies
from 25 to 40 m and it has a straight body (Alan and Kaya
2003). To maintain the viability, height is necessary for
this endemic plant species. The optimum height and
required temperature for this plant species is 0-400 m and
18°C respectively (Alan and Kaya, 2003; Ickert-Bond et
al., 2005). In order to maintain and protect, L. orientalis
species is cultivated in a botanic garden in Dalyan and
Koycegiz of Mugla, Turkey (Pesmen, 1972; Akbas, 2011)
in a special environment.

L. orientalis plant has great economic value because
of its natural oil which is used in both cosmetic and
pharmaceutical industries. In addition, oil has been
previously reported to have anti-bacterial activity against
many bacteria (Sagdi¢ et al., 2005). Sweet gum oil
contains cinnamic acid, citrine, citrol, citron, storesinol
and stirog (Kiigiikala et al., 2010). Sweet gum is reported
to have anti-parasitic activity as well, and also therapeutic
effective on skin diseases such as scabies and fungal
dermatitis. Not limited to these but also it is used in the
treatment of gastric problems (Kiigiikala et al., 2010).

So far, available literatures describe great importance
of sweet gum oil of L. orientalis (Hus, 1949; Duru et al.,
2002; Istek and Hafizoglu, 2005) and its morphologic,
anatomic, taxonomic, behavior and its application in
tissue culture (Alan and Kaya, 2003; Fakir and
Doganoglu, 2003; Fakir, 2005). However, there was no
study carried out yet to investigate the anti-bacterial
activities of the extracts of L. orientalis against mastitis
causing bacterial pathogens. Therefore, we investigated
the anti-bacterial activity of leaf extract of L. orientalis
against S. aureus and CNS isolated from mastitis cow.
Anti-oxidant activities of leaf extracts were also
determined.

Materials and Methods

L. orientalis plant was identified by Dr. Olcay Ceylan.
Plant leaves were collected from Koycegiz, Mugla in
2012 at 10-15 m above sea level and were stored in
herbaria (Herbarium No. 398), Department of Biology,
Mugla Sitki Kocman University, Turkey. Plant extracts
were made according to Davis (1965-1988).

Antibacterial effect of L. orientalis extracts was
studied on 7 mastitis causing bacterial pathogens (2 S.
aureus and 5 CNS) which was isolated previously by Dr.
Zafer Cantekin (Project No: 1101 M 0103; Ethics
Committee No: 2010/02-30:12). Identification of the

bacterial strain was performed by conventional culture
method using biochemical tests (Quinn et al., 1994).

In brief, fresh plant leaves were rinsed in running
water 2-3 times followed by one more time in sterile
distilled water. Washed leaves were dried first in the air
and then triturated via shredder. All plant samples were
stored initially at room temperature until sample was
prepared. Prepared samples were further stored at 4°C
until needed.

Acetone, methanol and ethanol were extracted from
air-dried and powdered plant leaves with the help of
Soxhlet apparatus. After evaporation of the extracts, each
of them is preserved in their own solvent (methanol,
ethanol and acetone) at refrigerator temperature until the
use. Concentrations of each extract was adjusted as 40
mg/mL in their own solvent and fully dissolved (Okmen
et al.,, 2014).

Bacteria were incubated at 37°C in Mueller-Hinton
Broth (MHB, Merck) medium for 24 hours. In all
experiments, 18 hours active cultures were used.
Turbidities of all bacterial cultures were adjusted
according to 0.5 McFarland.

Anti-bacterial activity of acetone, methanol and
ethanol extracts of the plant leaves were tested by disc
diffusion method using 40 mg/mL concentration (Okmen
et al., 2014). All experiments were performed in triplicate.
After incubation with extracts, the resulting bacterial
inhibition zones were determined in millimeters (mm).
Acetone, methanol and ethanol were used as negative
control because it acts as solvents for leaf extraction.
Ampicillin (10 pg) and Oxacillin (5 pg) disks were also
used as positive control in the experiments (Bauer et al.,
1966). No anti-bacterial activity was observed for all
negative controls (acetone, methanol and ethanol).

Anti-bacterial activity of leaves extracts was
determined by calculating minimum inhibitory
concentration (MIC). MIC was considered as the lowest
concentration of the extracts that was able to inhibit the
bacterial growth. Broth dilution method was performed
using different concentrations (6.5, 3.2, 1.6, 0.8 and 0.4
pg/mL) of each extract (CLSI 2003; CLSI 2006).

Antioxidant activity of leaves extract was determined
by ABTS radical scavenging [2,2'-azino-bis (3-ethyl
benzothiazoline-6-sulfonic acid)] assay as described by
(Re et al., 1999). Radical scavenging activity was
determined at 15 minutes incubation with 40 mg/mL
extracts. As per literature, 7 mM prepared solvent of
ABTS radical was mixed with 2.4 mM potassium
persulphate solution. In order to obtain stability of ABTS
radical, mixture was left in dark for 12-16 hours. Later, 10
pL extract solution was added into 1 mL of stable ABTS
radical. Absorbance of this mixture (extract solution +
stable ABTS radical) incubated for 15 minutes was
measured at wavelength 734 nm. % ABTS ratios were
determined with absorbance values as per given formulae.

Ao — 4y

%ABTS = x 100

0
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Ay: absorbance of ABTS radical solution in the first
minute

A absorbance of sample and ABTS radical solution
in 15 minutes

Trolox was used as positive control for radical
scavenging activities. Result obtained with Trolox was
determined in mM Trolox equivalent (TE) as (TE)/g
biomass. To obtain Trolox standard curve (pH 7.4),
different concentrations of solvents were prepared (0.25,
0.5, 1, 1.5, 2, 25 mM) in 5 mM phosphate buffer saline
(PBS) and absorbance of these samples were measured as
described by (Miller et al., 1993). Each extracts were used
in triplicate in the experiments and mean was calculated
(n=3).

Results

Forty mg/mL of acetone, methanol and ethanol
extracts of L. orientalis leaves were tested against S.
aureus and CNS strains isolated from subclinical mastitis
cows. Anti-bacterial impact of different extracts as well
reference antibiotics shown in (Table 1) was determined
in terms of inhibition zone diameter.

All extracts derived from L. orientalis leaves in 3
different solvents were able to show significant anti-
bacterial property against mastitis causing bacteria.

However, anti-bacterial activity of these extracts was
significantly lower towards CNS species compared to S.
aureus. The highest anti-bacterial activity (12 mm
inhibition zone diameter) was observed for S. aureus 17
with acetone extracts. Interestingly but almost similar
anti-bacterial properties (11 mm inhibition zone diameter)
were also observed for methanol and ethanol extracts
towards S. aureus 17. The lowest anti-bacterial activity (7
mm inhibition zone diameter) of acetone extracts was
found towards CNS-36 shown in the (Table 1).

MIC of different solvent extracts determined by broth
dilution method is mentioned in (Table 2). 3.2 mg/mL
was determined as the lowest MIC for all S. aureus and
CNS (Table 2).

Furthermore, data mentioned in (Table 3) shows anti-
oxidant activities of L. orientalis leaf extracts (40
mg/mL). Percentage ABTS radical scavenging capacity
was determined in relation to positive control Trolox
equivalent (TE). Radical scavenging capacities of all
solvents were nearly the same. The highest radical
scavenging activity (92.7%) was observed in methanol
extract. Trolox equivalent (TE) for all extracts was nearly
the same. The highest Trolox equivalent (TE) observed
was 2.58 mM/g in methanol extract shown in the (Table
3).

Table 1 The anti-bacterial activities of L. orientalis against mastitis pathogens

Inhibition zone diameters (mm)
Bacteria Leaf extracts (40 mg/mL) Antibiotics

Acetone Methanol Ethanol A )
S. aureus- 17 12 11 11 18 10
S. aureus- 18 11 11 10 12 8
CNS- 22 9 10 9 - -
CNS- 32 10 10 10 10 7
CNS- 33 9 8 8 8 7
CNS- 36 7 10 8 -
CNS- 37 11 10 10 - -
CNS: Coagulase Negative Staphylococcus, A: Ampicillin, O: Oxacillin, (-): No inhibition
Table 2 MICs of L. orientalis leaf extracts

Bacteria Leaf extracts (40 mg/mL)
Acetone Methanol Ethanol
S. aureus- 17 3.2 3.2 3.2
S. aureus- 18 3.2 3.2 3.2
CNS- 22 3.2 3.2 3.2
CNS- 32 3.2 3.2 3.2
CNS- 33 3.2 3.2 3.2
CNS- 36 3.2 3.2 3.2
CNS- 37 3.2 3.2 3.2
CNS: Coagulase Negative Staphylococcus
Table 3 ABTS radical scavenging activities of L. orientalis leaf extracts
. L Leaf extracts (40 mg/mL)
Anti-oxidant activity Acetone Methanol Ethanol

ABTS (%) 91.8 92.7 91.9
Trolox equivalent (mM/g) 2.51 2.53 2.58
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Discussion

Previous studies suggest that styrene, a-pinene and -
pinene are the chemical components of L. orientalis
(Fernandez et al., 2005). Trans-cinnamyl alcohol,
hydroxy-cinnamyl and styrene as main component of this
plant has been also reported previously. Volatile chemical
constituents of American sweet gum constitute cinnamyl
cinnamate, 3-phenyl propyl cinnamate, cinnamic acid,
cinnamyl alcohol, 3-phenyl propyl alcohol and kariofilen
(Chalchat et al., 1994). Previous studies suggests that
essential oils, terpinen-4-ol, a-terpineol, sabinene and v-
terpinene with cinnamyl cinnamete, phenyl propyl
cinnamate, cinnamyl alcohol, ethyl cinnamide, methyl
cinnamate and cinnamyl acetate are main constituent of L.
orientalis (Hafizoglu, 1982; Hafizoglu et al., 1996; Duru
and Cakir, 2002; Fernandez et al., 2005; Sagdi¢ et al.,
2005; Hovaneissian et al., 2008). Cinnamic acid and most
of its derivatives were also reported to show antimicrobial
property against many microorganisms (Said et al., 2004;
Sagdic et al., 2005). Sigla storax has inhibitory effect
against 20 bacteria. Furthermore, main constituents of
Liquidambar resina have been reported to have
pharmacological  effect against tumor, platelet
precipitation and arrhythmic (Yang et al., 2011).

We investigated anti-bacterial activities of acetone,
methanol and ethanol extracts of L. orientalis against 7
Staphylococci isolated from subclinical cow mastitis. Our
result mentioned in Table 1 demonstrates the anti-
bacterial effect of the extracts of L. orientalis against S.
aureus causing mastitis in cow also supports the previous
study reports of researchers who showed the anti-bacterial
effect of L. orientalis extracts anti-bacterial effect against
S. aureus (Oskay et al., 2009; Okmen, 2013a; Okmen et
al., 2013b; Ergun et al., 2014; Okmen et al., 2016)

In this study, acetone extract shows the lowest anti-
bacterial activity against CNS-36 mentioned in Table 1.
Okmen (2013a) reported that Anthemis chia showed the
lowest antibacterial activity against CNS-36. This report
supports our work. Previous report Obasola et al., (2010)
also suggests that CNS pathogens resist most of the
antibiotics. CNS pathogens have many genes in their
plasmids that may resist many antibiotics as well as they
can negatively affect species barrier leading to the spread
easily among different species. Kloos and Bannerman
(1994) also reported that CNS can resist diverse
antimicrobial agents.

Our comparative anti-bacterial effect results of all
extracts demonstrate that acetone extract of L. orientalis
had highest and superior anti-bacterial effect towards all
bacteria than other extracts. Broad anti-bacterial effects of
Liquidambar formosana have been also reported against
Staphylococcus aureus, Staphylococcus epidermidis,
Shigella flexneri, Salmonella Typhi and Pseudomonas
aeruginosa (Zhong et al., 2007). Okmen (2013a) reported
that Anthemis chia methanol extract was showed the
highest inhibition zone against S. aureus-17. Okmen and
Turkcan (2013b) reported that methanol extracts of
Elaeagnus angustifolia have inhibitory effect against S.
aureus-17. The inhibition zone was 20 mm. Ergun et al.,

(2014) determined that methanol extract of Arbutus
andrachne has 17 mm inhibition zone against S. aureus-
17. Okmen et al., (2016) reported that aqueous extract of
Crocus sativus has 11 mm inhibition zone against CNS-
32. These results support our work.

Antioxidant activity of L. orientalis is mentioned in
Table 3 as ABTS radical scavenging capacity as an
experimental read out. Radical scavenging capacities of
all solvents were almost similar. The highest radical
scavenging capacities observed was 91.9% for the leaf
ethanol extract depicted in (Table 3). In another study L.
formosana essential oils have been shown as powerful
antioxidant (Liu et al., 2009). Previous studies shows that
various extracts of different plants have less antioxidant
activity than L. orientalis. For example, Anthemis chia
(82%, Okmen 2013a), Elaeagnus angustifolia (84%,
Okmen and Turkcan, 2013b), Arbutus andrachne (819%,
Ergun et al., 2014), and Crocus sativus (84%, Okmen et
al., 2016).

Our study concludes here that L. orientalis leaf
extracts exert potential anti-bacterial activities against S.
aureus and CNS strains isolated from subclinical cow
mastitis. As a result, MIC values were found to be
effective even with very low concentration of leaves
extracts. Our further analysis was to show anti-oxidant
activities of these extracts. Our result shows significant
anti-oxidant property of these extracts. Our study claims
that L. orientalis could be useful in the treatment of
subclinical cow mastitis as well many other bacterial
infections as a new class of therapeutic medicines. This
important plant has diverse medicinal value. It could be
applied in antiseptic solution. Furthermore, leaf extracts
of L. orientalis has importance of high anti-oxidant
activities.
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