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Abstract
The alarming increase in antibiotic resistance is a threat to primary healthcare worldwide. Thus, it is very
important to investigate the antimicrobial properties of medicinally important plants for the discovery of
natural, non-antibiotic based alternative therapies. Leaves and stem crude extracts (chloroform, ethyl acetate
and aqueous) of E. sativa Mill. Were screened at four concentrations (0.5, 1.0, 1.5, 2.0 mg/ml) against four
pathogenic bacterial strains using standard well diffusion method. Results reveal that E. sativaethyl acetate
stem extract (2mg/ml) had shown maximum inhibition against Staphylococcus aureus, Pseudomonas
aeruginosa and Bacillus subtilis with 20.47mm, 16.44mmand 15.24mm zone of inhibition respectively
whereas; against Klebsiella pneumoniae both ethyl acetate stem extract and chloroform leaves extract had
shown maximum inhibition with 19.24 and 18.24mm zone of inhibition respectively. Considerable inhibition
had been shown by E. sativa chloroform and aqueous stem extract at a high concentration of 2mg/ml against
pathogenic bacterial strains. The overall inhibition was concentration dependent and showing a progressive
decrease in inhibition with a decrease in concentration from 2mg/ml to 0.5mg/ml. The present work
determined the medicinal and antibacterial importance of E. sativa.
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Introduction

Traditionally E. sativa is used as a stringent, diuretic,

Medicinal plants are the main source of natural

digestive,

medicines for primary health care in many nations.

rubefacient, stimulant (Perry et al., 1978; Yaniv et al.,

They treat and prevent various human as well as

1998), aphrodisiac and eyes infection (Yaniv et al.,

livestock illnesses. A medicinal plant is any plant,

1998).The present study was aimed to evaluate the

which contains active ingredients that are used

inhibition potential of E. sativa Mill. against four

directly for healing purposes or can be used for the

common pathogenic bacterial strains.

preparation of new herbal drugs (Sofowara, 1993).
Plant-based folk medicine plays a key role in natural
drug discovery (Wright, 2005). Ethno-pharmaceutical
studies are the methods for identifying new sources of
herbal drugs. Currently, more than 80% population of
the world still depends on plant-derived health care
products for daily regime due to their effectiveness,
no side effect, easily accessible and affordable prices
(Hassan et al., 2009; Gangadhar et al., 2012).
Generally, from the bulk of 258,650 species of higher
plants more than 10 percent are used medicinally
(Choudhary et al., 2005). E. sativa Mill.is an edible,

emollient,

tonic,

depurative,

laxative,

Materials and methods
Collection and processing of plant materials
Healthy leaves and stem of E. sativa were collected
from Village Rajjar, District Charsadda, Pakistan, (3403' and 34-38' North latitudes and 71-28' and 71-53'
East longitude). The plant parts were washed
properly with sterilized water and shad dried for 4
weeks at room temperature. The complete dried plant
parts were grounded into powder form using
homogenizer. Powders were stored in plastic bags for
experimental purposes.

annual herb (Brassicaceae-mustard family) with

Preparation of crude extract

erect, simple or branched stem usually covered with

About 50g powder of leaves and stem were soaked in

hairs (Jafri, 1973). Locally it is known as Rocket

200 ml ethyl acetate, chloroform, and water using

salad; Garden salad (Rani et al., 2010) or Tarmira

clean and sterilized beakers. They were incubated for

(Rani et al., 2010; Gulfraz et al., 2011). It is mostly

2 weeks at room temperature 25°C). The mixture was

cultivated for its oil and edible leaves. It is native to

filtered twice after 14 days of extraction using

Mediterranean region and Central Asia (Pimpini and

Whatman-41 filter paper and the extract was reduced

Enzo, 1996; Uğur et al., 2010). It is also found in

till dryness via rotary evaporator. The material was

India and Pakistan (Gulfraz et al., 2011).The

then stored in small bottles.

therapeutic potentials of medicinally important plants
are usually attributed to the presence of natural

Bacterial strains used

products also known as secondary metabolites (Westh

In the present study, four pathogenic bacterial strains

et al., 2004).The common secondary metabolites

were used. Among the selected pathogenic strains S.

present in leaves and seed of E. sativa including
flavonoids (Michael et al., 2011), alkaloids, cardiac
glycosides, saponins, tannins, phenolic compounds
(Gulfraz et al., 2011; Hussein et al., 2013) and
essential oil (Miyazawa et al., 2002). Fresh E.
sativaalso contains glucosinolates (Bennett et al.,
2006;Antuonoet al, 2008), erucin and erysolin (Lamy
et al., 2008).These secondary metabolites have

aureus and B. subtilis were gram-positive whereas; K.
pneumoniae and P. aeruginosa were gram negatives.
The bacteria were maintained on nutrient agar at 4°C.
Standard drug (Positive control)
Chloramphenicol (1.0 mg/ml) was used as a positive
control against the selected pathogenic bacterial
strains.

excellent therapeutic values due to their tremendous

Preparation of seeded agar plates

biological activities (Dionisi, 2012)such as antifungal,

Nutrient agar medium was prepared by adding

antibacterial,

and

nutrient agar (MERCK) 2.3g in 100ml of distilled

anticarcinogenic (Missiry et al., 2000; Alam et al.,

water; pH was adjusted at 7.0 and sterilized

2007).

autoclave at 121°C.

antioxidants,

antidiabetic
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It was allowed to cool up to 45°C. Petri plates were

Statistics

prepared by pouring 75ml of seeded nutrient agar and

The clear zones of inhibition were measured in

allowed to solidify. Four wells per plate were made

millimeter. All the data values are the means and
standard deviations of 3 replicates which were

with a sterile cork borer (5mm).

tubulated as a Mean ± standard deviation.
Pouring

of

test

solutions,

incubation,

and

Results

measurement of inhibition zones

Inhibition potential against S. aureus

Using micropipette, 100µl of test solutions was

The result revealed that E. sativa ethyl acetate stem

poured into respective wells. These plates were

extract

incubated at 37°C. After 24 hours of incubation, the

20.46mm against S. aureus at 2mg/ml concentration.

diameter of the clear zones of inhibitions was

Considerable inhibition effect has been shown by E.

measured by a ruler. Antibacterial activity of 4

sativa

dilutions of each plant part extract was determined

(2mg/ml) with 18.13 and 17.7mm inhibition zone

showed

maximum

chloroform

and

inhibition

aqueous

zone

stem

as

extract

respectively.

against four bacterial strains.

Table 1. Inhibition potential of E. sativa Mill. against S. aureus.
Solvent extracts

2.0 mg/ml

1.5 mg/ml

1.0 mg/ml

0.5 mg/ml

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

26.47 ± 0.16

24.06 ± 0.28

23.92 ± 0.25

22.22 ± 0.02

Chloroform leaves extract

19.47 ± 0.19

16.06 ± 0.11

12.92 ± 0.04

11.89 ± 0.09

Ethyl acetate leaves extract

14.13 ± 0.23

8.39 ± 0.21

8.25 ± 0.03

8.22 ± 0.07

Aqueous leaves extract

7.80 ± 0.05

6.06 ± 0.10

6.25 ± 0.07

6.22 ± 0.15

Chloroform stem extract

18.13 ± 0.07

12.06 ± 0.14

10.25 ± 0.01

8.89 ± 0.04

Ethyl acetate stem extract

20.47 ± 0.05

14.39 ± 0.14

12.25 ± 0.19

10.56 ± 0.04

Aqueous stem extract

17.80 ± 0.06

15.06 ± 0.33

12.25 ± 0.15

10.56 ± 0.10

Standard drug 1.0mg/ml

Keys; Standard drug= Chloramphenicol, Mean ± SD= Mean Zone of inhibition (mm) and standard deviation.
The crude aqueous extract of the stem was least

maximum at maximum concentration and showing a

effective even at high concentration (2mg/ml) with a

progressively decrease in inhibition with a decrease in

minimum zone of inhibition recorded as 7.79mm. it is

concentration

from

2mg/ml

to

0.5mg/ml.

clear from Table 1 that the overall inhibition was
Table 2. Inhibition potential of E. sativa Mill. against P. aeruginosa.
Solvent extracts

2.0 mg/ml

1.5 mg/ml

1.0 mg/ml

0.5 mg/ml

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Standard drug 1.0mg/ml

22.44 ± 0.07

21.37 ± 0.06

20.36 ± 0.25

19.77 ± 0.04

Chloroform leaves extract

15.44 ± 0.02

13.37 ± 0.07

9.36 ± 0.13

9.44 ± 0.04

Ethyl acetate leaves extract

10.11 ± 0.33

5.70 ± 0.88

4.70 ± 0.33

5.77 ± 0.33

Aqueous leaves extract

3.77 ± 0.29

3.37 ± 0.58

2.70 ± 0.58

3.77 ± 0.33

Chloroform stem extract

14.11 ± 0.04

9.37 ± 0.10

6.70 ± 0.10

6.44 ± 0.33

Ethyl acetate stem extract

16.44 ± 0.05

11.70 ± 0.07

8.70 ± 0.88

8.11 ± 0.29

Aqueous stem extract

13.77 ± 0.08

12.37 ± 0.10

8.70 ± 0.16

8.11 ± 0.06

Keys; Standard drug= Chloramphenicol, Mean ± SD= Mean Zone of inhibition (mm) and standard deviation.
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Inhibition potential against P. aeruginosa

The chloroform and aqueous stem extracts shown

The P. aeruginosa was most susceptible to ethyl

considerable inhibition zone recorded as 13.77 and

acetate stem extract at high concentration. As shown

14.10m respectively. The minimum inhibition zone

in Table 2 the maximum inhibition has been recorded

recorded as 3.77mm, shown by aqueous leaves

for ethyl acetate stem extract with inhibition zone

extract. The overall inhibition was concentration

recorded as 16.44mm at 2mg/ml.

dependent.

Table 3.Inhibition potential of E. sativaMill.againstB. subtilis.
Solvent extracts

2.0 mg/ml

1.5 mg/ml

1.0 mg/ml

0.5 mg/ml

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Standard drug 1.0mg/ml

21.24 ± 0.49

20.12 ± 0.32

21.37 ± 0.35

18.88 ± 0.24

Chloroform leaves extract

14.24 ± 0.38

12.12 ± 0.32

10.37 ± 0.71

8.55 ± 0.41

Ethyl acetate leaves extract

8.90 ± 0.43

4.45 ± 0.40

5.71 ± 0.61

4.88 ± 0.38

Aqueous leaves extract

2.57 ± 0.64

2.12 ± 0.35

3.71 ± 0.56

2.88 ± 0.27

Chloroform stem extract

12.90 ± 0.32

8.12 ± 0.79

7.71 ± 0.36

5.55 ± 0.34

Ethyl acetate stem extract

15.24 ± 0.41

10.45 ± 0.35

9.71 ± 0.26

7.22 ± 0.29

Aqueous stem extract

12.57 ± 0.64

11.12 ± v

9.71 ± 0.30

7.22 ± 0.24

Keys; Standard drug= Chloramphenicol, Mean ± SD= Mean Zone of inhibition (mm) and standard deviation.
Inhibition potential against B. subtilis

12.56mm. The minimum inhibition has been shown

As shown in Table 3 the ethyl acetate stem extract had

by aqueous leaves extract (2mg/ml concentration)

tremendous effects on been B. subtilis with an

with an inhibition zone of 2.56mm. The inhibition

inhibition zone of 15.23mm. The chloroform and

potential of leaves and stem extracts (chloroform,

aqueous stem extracts (2mg/ml) shown almost

ethyl acetate and aqueous) against B. subtilis were

similar inhibition effects recorded as 12.90 and

also concentration dependent.

Table 4. Inhibition potential of E. sativa Mill. against K. pneumoniae.
Solvent extracts

2.0 mg/ml

1.5 mg/ml

1.0 mg/ml

0.5 mg/ml

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Standard drug 1.0mg/ml

25.24 ± 0.55

21.89 ± 0.52

20.91 ± 0.41

17.77 ± 0.41

Chloroform leaves extract

18.24 ± 0.57

13.89 ± 0.67

9.91 ± 0.55

7.44 ± 0.55

Ethyl acetate leaves extract

12.91 ± 0.41

6.22 ± 0.55

5.25 ± 0.64

3.77 ± 0.64

Aqueous leaves extract

6.57 ± 0.30

3.89 ± 0.41

3.25 ± 0.88

1.77 ± 0.49

Chloroform stem extract

16.91 ± 0.60

9.89 ± 0.38

7.25 ± 0.44

4.44 ± 0.35

Ethyl acetate stem extract

19.24 ± 0.35

12.22 ± 0.46

9.25 ± 0.44

6.11 ± 0.38

Aqueous stem extract

16.57 ± 0.33

12.89 ± 0.33

9.25 ± 0.32

6.11 ± 0.38

Keys; Standard drug= Chloramphenicol, Mean ± SD= Mean Zone of inhibition (mm) and standard deviation.
Inhibition potential against K. pneumoniae

The minimum inhibition effect has been seen for

Table 4 shows that maximum inhibition has been

aqueous leaves extract recorded 6.57mm. has been

shown by ethyl acetate stem extract and chloroform

shown by E. sativa (2mg/ml concentration) against

leaves extract with 19.24 and 18.24mm zone of

Klebsiella

inhibition at 2mg/ml concentration. The chloroform

progressively decrease with a decrease in inhibition,

stem extract
(16.90mm).

had

considerable inhibition zone

indicating

pneumoniae.
that

the

concentration dependent.
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inhibition

inhibition

potential

values
was
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The overall findings reveal that ethyl acetate stem

Antimicrobial studies of medicinally important plants

extract has tremendous potential of inhibiting the

are the key methods for identifying new sources of

growth of all the four pathogenic bacterial strains as

natural therapies, which may be further justified by

compared to other crude extract and ranked second to

phytochemical screenings.

the standard drug in terms of inhibition potential (Fig. 1)

In the present study, we screened the crude extracts
(chloroform, ethyl acetate and aqueous) of leaves and

Discussion
Up to date a large number of therapeutic drugs have
been obtained from the plant are used for different
infectious disorders.

stem of E. sativa Mill. for their possible antibacterial
potential and reported that all extract showed
considerable inhibition, which was concentration
dependant.

Fig. 1.Comparison of Mean± Standard deviation inhibition zone of positive control and crude extracts
Keys; PC= Positive control (Chloramphenicol), EASE = Ethyl acetate crude extract, CLE = Chloroform leaves
extract.
The present findings agree with Koubaa et al. (2015)

activities

who evaluated the antioxidant and antibacterial

auregonosarecorded as 3.77mm/mg in the aqueous

activities of a various extract of rocket flowers against

stem extract recorded as 3.77mm/mg. The present

both gram-positive and gram-negative bacteria.

study

Similarly, many other investigators (Rani et al, 2010;

Khoobchandani et al. (2010) who investigated the

Gulfraz et al, 2011; Ali et al, 2014; Malik, 2015) also

antimicrobial activity of various solvent extracts

evaluated the antibacterial activity of E. sativa and

of root and shoot of E. sativa and seed oil against S.

therefore supported the use of E. sativa seeds in

aureus, B. subtilis, E. coli and P. aeruginosa.

traditional medicine in various human disorders and

Previous findings show that E. sativa exhibit

all these are in support of the present experiment

antibacterial activity against S. aureus, Salmonella

where E. sativa aqueous, chloroform and ethyl

Enteritidis, Bacillus cereus, B. subtilis, E. coli P.

acetate extract showed inhibition against S. aureus, B.

aeruginosa and Vibrio parahaemolyticus (Isshiki et

subtilis, P. aeruginosa, K. pnemonie. Comparison of

al., 1992), E. coli and Listeria monocytogenes (Lin et

the inhibitory action of E. sativa plant extracts

al., 2000), Helicobacter pylori (Haristoy et al., 2005).

changed with the change of solvent i.e. maximum

It is suggested that the inhibition potential of E.sativa

inhibition has been shown by ethyl acetate stem

may be due to the presence of certain inhibitory

extract against S. aureus while the weakest inhibitory

compounds such
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is

were

also

determined

supported

by

against

the

work

as alkaloids, flavonoids,

P.

of

and
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terpenoids (Cowan, 1999; Hussein, 2013). Similar

Choudhary MI, Nawaz SA, Lodhi MA, Ghayur

inhibition

MN,

potential

microorganisms

has

of

plant

been

extracts

previously

against

Jalil

S,

Riaz

N

Gilani

AH.

2005.

reported

Withanolides, a new class of natural cholinesterase

(Tiedink et al., 1991; Vig et al., 2009; Doulgeraki et

inhibitors with calcium antagonistic properties.

al., 2016).

Biochemical

and

biophysical

research

communications 334(1), 276-287.
Conclusion

http://dx.doi.org/10.1016/j.bbrc.2005.06.086

It is concluded from our results that ethyl acetate stem
extract had shown maximum inhibition against S.
aureus (20.47mm), P. aeruginosa (16.44mm) and B.
subtilis

(15.24mm)

at

high

concentration.K.

pneumoniaewas tremendously inhibited by both ethyl
acetate stem extract and chloroform leaves extract with
19.24 and 18.24mm zone of inhibition respectively.

Cowan MM. 1999. Plant products as antimicrobial
agents. Clinical microbiology reviews, 12(4), 564-582.
Dionisi HM, Lozada M, Olivera NL. 2012.
Bioprospection

of

marine

microorganisms:

biotechnological applications and methods. Revista
Acknowledgments

Argentina de microbiología44(1), 49-60.

Special thanks to my dear friends Adan Farid, Irshad

http://dx.doi.org/10.1590/S032575412012000100010

Ahmad and Mubashir Khan for helping me in plant
materials collection. I am also grateful to Department of
Botany, (BKUC) for providing the laboratory facilities.

Doulgeraki AI, Papaioannou M, Nychas GJE.
2016. Targeted gene expression study of Salmonella
enterica during biofilm formation on rocket leaves.

References
Alam MS, Kaur G, Jabbar Z, Javed K, Athar M.
2007.Eruca sativa seeds possess antioxidant activity

LWT-Food Science and Technology 65, 254-260.
http://dx.doi.org/10.1016/j.lwt.2015.08.017

and exert a protective effect on mercuric chloride
induced renal toxicity. Food and Chemical Toxicology

Gangadhar M, Shraddha K, Ganesh M. 2012.

45(6), 910-920.

Antimicrobial screening of Garlic (Allium sativum)

http://dx.doi.org/10.1016/j.fct.2006.11.013

extracts and their effect on Glucoamylase activity in-

Ali A, Bashir U, Haider MS. 2014. Bio-control
effect of Eruca sativa Mill.Oil against the hazardous
food

borne

pathogens.

Pakistan

Journal

of

Phytopathology 26(02), 181-185.

vitro. Journal of Applied Pharmaceutical Science
2(1), 106-108.
Gulfraz M, Sadiq A, Tariq H, Imran M, Qureshi
R, Zeenat A. 2011. Phytochemical analysis and

Antuono D, Elementi LFS, Neri R. 2008.

antibacterial

Glucosinolates

Journal of Botany43(2), 1351-1359

in

Diplotaxis

and

Erucaleaves

activity

of Eruca

sativa Seed.Pakistan

diversity, taxonomic relations, and applied aspects.
Phytochemistry 69(1), 187-199.

Haristoy X, Fahey JW, Scholtus I, Lozniewski

http://dx.doi.org/10.1016/j.phytochem.2007.06.010

A. 2005. Evaluation of the antimicrobial effects of

Bennett RN, Rosa EAS, Mellon FA, Kroon PA.
2006.

Ontogenic

profiling

of

glucosinolates,

flavonoids, and other secondary metabolites in Eruca

several isothiocyanates on Helicobacter pylori. Planta
Medica71(04), 326-330.
http://dx.doi.org/10.1055/s-2005-864098

sativa (salad rocket), Diplotaxis erucoides (wall
rocket), Diplotaxis tenuifolia (wild rocket) and Bunias

Hassan A, Rahman S, Deeba F, Mahmud S.

Orientalis (Turkish rocket). Journal of Agricultural

2009. Antimicrobial activity of some plant extracts

and

having hepatoprotective effects. Journal of Medicinal

Food

Chemistry

54(11):

http://dx.doi.org/10.1021/jf052756t

4005-4015.

Plants Research 3(1), 020-023.

48 | Ullah et al.

J. Bio. Env. Sci. 2018
Hussein ZF. 2013. Study the effect of Eruca sativa

Malik SN. 2015. Antibacterial Activity of Olive (Olea

leaves extracts on male fertility in albino mice. J Al-

europaea) Leaves and Arugula (Eruca sativa) Seeds

Nahrain University 16(1), 143-146.

Extract. International Journal of Pharmacognosy and

Hussein ZF. 2013. Study the effect of Eruca sativa
leaves extracts on male fertility in Albino mice.
Journal of Al-Nahrain University 16(1), 143-146.
http://dx.doi.org/10.9734/ARRB/2017/36016

Phytochemical Research 7(2), 307-310.
Michael HN, Shafik RE, Rasmy GE. 2011.
Studies on the chemical constituents of the fresh leaf
of Eruca sativa extract and its biological activity as an

Isshiki K, Tokuoka K, Mori R, Chiba S. 1992.

anticancer agent in vitro. Journal of Medicinal Plants

Preliminary examination of allyl isothiocyanate vapor

Research 5(7), 1184-1191.

for food preservation. Bioscience, biotechnology, and
Missiry El MA, El-Gindy AM. 2000. Amelioration

Biochemistry 56(9), 1476-1477.

of alloxan-induced diabetes mellitus and oxidative

https://doi.org/10.1271/bbb.56.1476

stress in rats by oil of Eruca sativa seeds. Annals of
Jafri SMH. 1973. Brassicaceae, In Nasir E, Ali SI

Nutrition and Metabolism 44(3), 97–100.

(Eds.).

http://dx.doi.org/10.1159/000012829

Flora

of

Pakistan,

Karachi,

Pakistan:

University of Karachi 55, 127–148.
http://dx.doi.org/10.2307/2421948

Miyazawa M, Maehara T, Kurose K. 2002. The

Khoobchandani M, Ojeswi BK, Ganesh N,
Srivastava MM, Gabbanini S, Matera Lori R,
Valgimigli L. 2010. Antimicrobial properties and
analytical profile of traditional Eruca sativa seed oil:
Comparison with various aerial and root plant
extracts. Food Chemistry 120(1), 217-224.
http://dx.doi.org/10.1016/j.foodchem.2009.10.011

composition of the essential oil from the leaves of
Eruca sativa. Flavor and Fragrance Journal 17(3),
187-190.
http://dx.doi.org/10.1002/ffj.1079
Perry LM. 1978. Medicinal plants of East and
Southeast Asia. Attributed properties and uses. MIT
Press Cambridge.

Koubaa M, Dorra D, Fatma B, Raoudha EG,
Semia EC. 2015. Antioxidant and antimicrobial

Pimpini F, Enzo M. 1996. Present status and

activities of the solvent extract obtained from the

prospectus for rocket cultivation in the veneto region,

rocket (Eruca sativa L.) flowers Free Radicals and

In: Rocket: A Mediterranean crop for the world 13, 51-53.

Antioxidants 5(1), 29-34.
Rani I, Akhund S, Suhail M, Abro H. 2010.

http://dx.doi.org/10.5530/fra.2015.1.5

Antimicrobial potential of seed extract of Eruca
Lamy E, Shoder J, Paulus S, Brenk P, Stahi T,

sativa, Pakistan Journal of Botany 42(4), 2949-2953

Sandermann VM. 2008. Antigenotoxic proprieties
of Eruca sativa (Rocket plant) erocin and erysolin in

Sofowara A. 1993. Medicinal plants and traditional

human hepatoma (HePG2) cells towards benzo

medicine in Africa.John Wiley and Sons Ltd, pp 256.

(a)pyrene and their mode of action. Food and

http://dx.doi.org/10.1002/jps.2600740339

Chemical Toxicology 46(7), 2415-24210.
http://dx.doi.org/10.1016/j.fct.2008.03.022

Tiedink HG, Malingre CE, Van Broekhoven
LW, Jongen WM, Lewis J, Fenwick GR. 1991.

Lin CM, Kim J, Du WX, Wei CI. 2000.
Bactericidal

activity

of

isothiocyanate

against

pathogens on fresh produce. Journal of food
protection 63(1), 25-30.

Role of glucosinolates in the formation of N-nitroso
compounds.

Journal

of

chemistry 39(5), 922-926.

49 | Ullah et al.

agricultural

and

food

J. Bio. Env. Sci. 2018
Uğur A, Süntar I, Aslan S, Orhan IE, Kartal M,

Wright CW. 2005. Plant-derived anti-malarial

Şekeroğlu N, Esiyok D, Sener B. 2010. Variations

agents: new leads and challenges, Phytochemistry

in fatty acid compositions of the seed oil of Eruca

Reviews 4(1), 55–61.

sativa Mill. caused by different sowing periods and

http://dx.doi.org/10.1007/s11101-005-3261-7

nitrogen forms. Pharmacognosy Magazine 6(24),
Yaniv

305-308

Z,

Schafferman

D,

Amar

Z.

1998.

Traditionuse,and biodiversity of rocket (Eruca sativa,
Vig AP, Rampal G, Thind TS, Arora S. 2009.Bio-

Brassicaceae) in Israel. Economic Botany52(4), 394-400.

protective effects of glucosinolates–A review. LWT-

http://dx.doi.org/10.1007/BF02862069

Food Science and Technology 42(10), 1561-1572.
http://dx.doi.org/10.1016/j.lwt.2009.05.023
Westh H, Zinn CS, Rosdahl VT, Sarisa Study
Group. 2004. An international multicenter study of
antimicrobial

consumption

and

resistance

in

Staphylococcus aureus isolates from 15 hospitals in 14
countries. Microbial drug resistance 10(2), 169-176.
http://dx.doi.org/10.1089/1076629041310055

50 | Ullah et al.

