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Morus alba L. belongs to the Moraceae family, is 

widely cultivated and naturalized elsewhere 

and is one of the most important medicinal plant 

[1]. The mulberry (Morus alba L.) fruit is widely 

regarded as a nutritious food. Root, stem barks, 

twigs and leaves of mulberry have long been used 

in traditional medicine to treat fever, inflammation, 

hepatitis, cancer, diabetes, dislipidemia, diarrhoea, 

dyspepsia, hypertension, anthelmintic and to 

protect the liver, improve eyesight, strengthen 

joints, facilitate discharge of urine, and lower blood 

pressure. Different parts of the mulberry have been 

extensively investigated for their various health 

benefits, including antioxidative, hypolipidemic and 

antiatherogenic effects [2-4]. 
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Besides, this genus is known to be rich in flavono-

ids [5].

Reactive oxygen species (ROS) are produced in 

metabolic and physiological processes, and causes 

different chronic diseases like cancer and heart 

diseases [6]. Antioxidant molecules prevent such these 

harmful reactions [7]. All biological systems, including 

human beings, have antioxidant defence mechanisms. 

Since these natural antioxidant mechanisms can be 

inefficient, dietary intake of antioxidant compounds 

is important [8]. Mulberry leaf extract has been 

demonstrated to contain several substances that can act 

as potent antioxidants or free radical scavengers such as 

flavonoids and moracins [9].  

A B S T R A C T

Morus alba L. (Moraceae) leaves are used effectively to treat fever, protect liver from 
damage, strengthen the joints, facilitate discharge of urine in Turkey folk medicine. 

In this study we aimed to determine in vitro antioxidant and antimicrobial activity with 
GC/MS analysis of the Morus alba L. leaves. Dried plant leaves samples are milled and 
extracted with distilled water and ethanol in Soxhlet machine. After extraction, extract 
samples were concentrated in rotary evaporator machine.  Total antioxidant status values 
were determined as mmol Trolox Equivalent/L spectrophotometrically by using Erel’s 
method. Sterile extracts were used to avoid contamination in antimicrobial activity test. 
As test microorganisms Escherichia coli (ATCC 25922), Staphylococcus aureus (ATCC 
25923), Enterococcus faecalis (ATCC 29212), Pseudomonas aeroginosa (ATCC 27853), 
Candida albicans (ATCC 90028) were used. Antimicrobial activity was determined with 
disc diffusion method. We used ethanol extracts of samples in GC/MS analysis. Ethanol 
and distilled water extracts showed antioxidant activity in different rate. Besides, ethanol 
extracts have an antimicrobial activity but water extracts have not antimicrobial activity 
on our test microorganisms. We determined four compounds (9,12,15-octadecatrienoic 
acid, ethyl ester, linolenic acid ethyl ester, gibberellic acid) with GC/MS analysis in 
ethanol extracts.

In this research we enlightened antimicrobial and antioxidant activities with GC/
MS analysis of Morus alba L. leaves. So this research supports of using this plant leaves in 
pharmacological and medical processes. 
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Many plants contain a diverse array of compounds 

such as phenolic acids, flavonoids, tannins, vitamins, and 

terpenoids that account for their biological properties and 

the antioxidant and antimicrobial abilities [10,11]. In addition, 

plant and plant products can be used for isolating health-

promoting bioactive compounds that have antioxidant, 

hypoglycemic, hypotensive and hypocholesterolemic effects 

[12]. For a few years, many researchers have intensively 

investigated antimicrobial properties of plant extracts 

and natural products as the demand for safe and new 

pharmaceuticals which has increased due to the misuse of 

antibiotics and an increase in immuno-deficiency [13].

In the present study, we aimed 1) to examine the 

antioxidant capacities of distilled water and ethanol extracts 

of Morus alba L. leaves, 2) to measure the antimicrobial 

activity of leaf extracts against five test microorganisms, 3) 

to determine main components of extracts with GC/MS 

analysis method.

MATERIALS AND METHODS

Plant Sample Collection

Morus alba L. leaves were collected from natural areas. 

Samples were identified by plant taxonomist Prof. 

Dr. Murat Ekici of the Department of Biology, Gazi 

University, Ankara. All plant samples were dried at room 

temperature in a few days.

Preparation of Extracts 

Dry leaves were milled. To prepare extract two different 

solvent were used, ethanol and distilled water respectively, 

and 10 g sample weigh for each extraction. Extraction 

was made with soxhlet machine during 8 hours. After 

from extraction process, solvents were concentrated in 

rotary evaporator machine. Sterile extracts were used 

to avoid contamination in antimicrobial activity test. 

For this reason, extracts were filtered with micro filter 

which has 0.45 micrometer pore diameter.  Extracts were 

protected from light and kept in +4 C until executing the 

experiments.

Determination of Total Antioxidant Status (TAS)

The total antioxidant status (TAS) was determined using 

a TAS Assay Kit (Rel Assay Diagnostics®, Gaziantep, 

Turkey) according to a novel automated measurement 

method developed by Erel in 2004 [7]. In this method, a 

hydroxyl radical was produced by the Fenton reaction 

and reacted with the colourless substrate o-dianisidine to 

produce the bright yellowish-brown dianisyl radical. For 

this procedure, 500 μL of reagent 1 was placed in the cell, 

and 30 μL of sample (standard) was added. The initial 

absorbance at 660 nm for the first absorbance point was 

measured in a spectrophotometer (Shimadzu UV mini-

1240, Kyoto, Japan). Subsequently, 75 μL of reagent 2 

was added to the cell and incubated for 10 min at room 

temperature. The absorbance at 660 nm was read for a 

second time. The results obtained from this process were 

calculated with the following formulas: 

Results = [(ΔAbs Std 1)–( ΔAbs Sample)]/ [(ΔAbs Std 1)–

(ΔAbs Std2)]

ΔAbsorbance Standard 1= (Second Absorbance of Std 1- 

First Absorbance of Std 1)

ΔAbsorbance Standard 2= (Second Absorbance of Std 2- 

First Absorbance of Std 2)

Δ Sample Absorbance = (Second Absorbance of Sample-

First Absorbance of Sample)

The results were expressed as milimolar Trolox 

equivalents per liter (mmol Trolox Eq/L).

Determination of Antimicrobial Activity 

As test microorganisms Escherichia coli (ATCC 25922), 

Staphylococcus aureus (ATCC 25923), Enterococcus 
faecalis (ATCC 29212), Pseudomonas aeroginosa (ATCC 

27853), Candida albicans (ATCC 10231) were used. All 

strains were obtained from culture collection at Hitit 

University, Faculty of Science and Arts, Department of 

Molecular Biology and Genetic, Microbiology Research 

Laboratory Culture Collection.   

The antimicrobial activities were evaluated by disc-

diffusion method. Microorganisms were activated two 

times in nutrient broth and incubated for 16-24 hours at 37 C 

temperature. After activation of cultures, optical density 

(OD) arranged spectrophotometrically in 600 nanometer 

wavelength. Activated (OD
600

 ≈ 600) microorganisms were 

inoculated nutrient agar and were spread all agar surface 

with drigalski bar. Sterile discs which were prepared 

from Whatman Filter paper were put and extracts were 

added to these discs in different volume, 10 and 20 

microliter respectively. These petri dishes were incubated 

for 16-24 hours at 37 C temperature. When incubation 

time completed, all petri dishes were investigated. All 

antimicrobial activity zones were measured with ruler.  

Gas Chromatography/Mass Spectrometry (GC/

MS) Analysis of Extracts

The chemical compositions of the plant extracts 

were analysed by using GC–MS technique and the 

fragmentation analysis was performed. The mass 

spectrometer was Thermo Scientific DSQ II Single 

Quadrupole GC/MS in the electron impact (EI) 
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ionization mode (70 eV) and HP- 5MS (bonded and 

cross-linked 5% phenyl-methylpolysiloxane, 30mm x 0.25 

mm, coating thickness 0.25 μm) capillary column (Restek, 

Bellefonte, PA). Injector and detector temperatures were 

set at 220oC. The oven temperature was held at 50oC for 

30 min, then programmed to 240oC at rate of 3oC/ min. 

Helium (99.99%) was the carrier gas at a flow rate of 1 mL/

min. The molecular weight of decomposition products 

scan 60-200 g/mol range were performed. Diluted 

samples (1/100 in chloroform, v/v) of 1.0 μL were injected 

manually. The identification of components was based 

on the comparison of their mass spectra with those of 

Wiley 7 N (contains 392.086 compounds spectra), NIST 

2002 (contains 174.948 compounds spectra) and flavor 

(contains 419 compounds spectra) libraries and as well as 

by comparison of their retention times.

Statistical Analysis

All experiments were done in triplicate. The results 

were expressed as average ± standard deviations (SD). 

Statistical analysis was performed on the data by SPSS 

15.0 Bivariate Correlation Analysis (SPSS Inc., Chicago). 

Between ethanol and distilled water extracts were found 

significant statistically correlation at the 0.01 level.  

RESULTS AND DISCUSSION

Determination of Total Antioxidant Status (TAS) 

of Extracts

Antioxidant components of plants have attracted great 

interest for the prevention and treatment of complex 

diseases such as cardiovascular diseases, cancer, diabetes, 

AIDS, Alzheimer’s diseases [14]. Additionally, it was stated 

in the literature that several types of plant materials such 

as vegetables, fruits, leaves, seeds, roots and stem barks 

are the potential sources of antioxidant compounds [15]. 

The TAS values of Morus alba L. leaves for ethanol and 

distilled water extracts were shown in Table 1. TAS values 

of ethanol extract of Morus alba L. leaves displayed 

higher capacity than distilled water extract. While TAS 

values of leaf-ethanol extract was found as 1.56 mmol 

Trolox Eqv./L, TAS values of leaf- distilled water extract 

were found as 1.45 mmol Trolox Eqv./L. While the recent 

report that suggests the antioxidant activity of distilled 

water extract was better than ethanol extract with DPPH 

assay, we found better TAS value for ethanol extract with 

Erel’s method [16]. 

Table 1. TAS levels in Morus alba L. leaves extracts

Extracts samples Total Antioxidant Status*

Ethanol 1,56 

Water 1,45
*Total Antioxidant Status were calculated as mmol Trolox Equivalent./L.

Determination of Antimicrobial Activity of 

Extracts 

In this study, it was used two different soluble solutions 

as ethanol and distilled water. The antimicrobial 

activity of leaves of Morus alba L. is presented in Table 

2. The inhibition zones of our test microorganisms 

were measured as mm and were seen in different rate. 

The ethanol extracts of leaves were more effective 

than distilled water extracts. Distilled water extracts 

have no any inhibition zone. The maximum zone 

of inhibition was against Pseudomonas aeroginosa 

(13.5±0.5 mm), followed by Escherichia coli (9.7±0.9 

mm) and Enterococcus faecalis (9.5±1.2 mm). The 

minimum zone of inhibition was obtained against 

Candida albicans and Staphylococcus aureus, (8.7±0.9 

and 8.7±0.8 mm respectively). It was reported that 

methanol and chloroform extracts of different species 

of Morus exhibited antimicrobial activity against 

Pseudomonas aeroginosa, Proteus vulgaris, Bacillus 
subtilis, Salmonella typhi, Shigella flexneri, Candida 
albicans and Aspergillus niger [17]. In another study, 

leaves, stems and fruits of Morus alba L. were extracted 

with ethanol and water. The ethanol extracts exhibited 

stronger antimicrobial activities than the distilled water 

extracts. Among the ethanol extracts, leaves had most 

effective inhibition activity with the IC
50

 7.11 ± 1.45 mg/

mL value [16]. Our results supported the previous studies. 

Table 2. Inhibition rate of herbal extracts from Morus alba L. leaves in 

our test microorganisms

Extracts 
samples

Strains

S.aureus E.faecalis P.aeroginosa E.coli C.albicans

Ethanol 8,7 ± 0.8 9,5 ± 1,2 13,5 ± 0,5 9,7 ± 0,9 8,7 ± 0,9

Water ND ND ND ND ND

ND: Not determined

Values are mean of triplicate readings (mean ±S.D).

Gas Chromatography/Mass Spectrometry (GC/

MS)

The extract cleavage products GC/MS spectrum was 

obtained according to the observed peaks (Figure 1). 

Structural formulas of the diagram are the appropriate 

degradation products are displayed on the peaks. 

The extract components were identified the aid of 

gas chromatography and decomposition products 

were characterized by mass analyser detector GC/

MS. The mass spectrum shows that there were three 

components in extracts, 9,12,15-octadecatrienoic acid 

ethyl ester, linolenic acid ethyl ester and gibberallic 

acid respectively, and the giberellic acid is main one. 

According to Saravanan et al. [18], as a result of GC/

MS analysis of Ficus religiosa L. which is same family 

member with Morus alba L. (Moraceae), 13 different 

compounds were determined. Some of the compounds 



A
. A

. E
m

ni
ye

t e
t. 

al
. /

 H
it

ti
te

 J 
Sc

i E
ng

, 2
01

4,
 1 

(1)
 3

7–
41

40

that have antioxidant and antimicrobial activity were 

phenol, 4-methoxy phenol, ethyl isoallocholate and 

octadecanoic acid. In another study, GC/MS analysis 

showed the presence of 9,12,15-octadecatrienoic acid in 

Vitis sitosa. It was reported that this compound possesses 

many biological activities such as anti-inflammatory, 

hypocholesterolemic, cancer preventive, hepatoprotective, 

nematicide, antihistaminic, antieczemic, antiacne, 

antiandrogenic, antiarthritic, anticoronary, insectifuge 

properties and acts as an antimicrobial agent [19].  

CONCLUSIONS

In this research we enlightened antioxidant and 

antimicrobial activities with GC/MS analysis of Morus 
alba L. leaves. Our study indicates promising results for 

the antioxidant and antimicrobial activity of ethanol 

extracts of Morus alba L. leaves. In present study, four 

different compounds were identified in the ethanol 

extracts of leaves by GC/MS analysis. Especially, giberellic 

acid contributed more percentage than other components. 

But other components such as 9,12,15-octadecatrienoic 

acid was reported for many biological activities. So, 

antioxidant and antimicrobial activity can be related to 

these molecules. Therefore, this research supports of 

using this plant’s leaves for future development of novel 

antioxidant and antimicrobial agents. 

It is also important to emphasize those further biolo-

gical studies to determine the mechanism of antimicrobial 

action and to elucidate the other activities of components 

such as anti-inflammatory, anticancer must be conducted. 
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