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The methanol extract of 12 medicinal plants were evaluated for its antibacterial activity against Gram-pos-

itive (5 strains) and Gram-negative bacteria (10 strains) by assay for minimum inhibitory concentration

(MIC) and minimum bacterial concentration (MBC). The antibacterial activity was determined by an agar

dilution method (according to the guidelines of Clinical and Laboratory Standard Institute). All the com-

pounds (12 extracts) of the 8 medicinal plants (leaf or root) were active against both Gram-negative and

Gram-positive bacteria. Gram-negative showed a more potent action than Gram positive bacteria. The

MIC concentrations were various ranged from 0.6 µg/ml to 5000 µg/ml. The lowest MIC (0.6 µg/ml) and

MBC (1.22 µg/ml) values were obtained with extract on 4 and 3 of the 15 microorganisms tested, respectively.

Key words: Antimicrobial activity, traditional medicinal plants, minimum inhibitory concentration (MIC),

minimum bacterial concentration (MBC), methanol extract, agar dilution method .

INTRODUCTION

From ancients, traditional medicinal plants have been known

to possess diverse biological activity as antimicrobial, anal-

gesics, anticancer, antipyrexial, and antihypertensive activity

and an important source of many biological active com-

pounds (Inatain et al., 1996; Alma et al., 2003; Andrade et

al., 2007; Webster et al., 2008). Medicinal plants have been

used extensively by a large proportion of the world for their

health care and remedy of diseases during the 2000 years

and these data have revealed a high degree of correlation

between traditional medicinal plants uses and laboratory

analysis (Kumar and Roy, 1972; Singh et al., 2008). Phyto-

therapy is based on the use of biological active components

contained in plants (Hostettman, 1998; Garza et al., 2007).

The most interesting area of application for medicinal plant

extracts is the inhibition of growth and reduction in num-

bers of the more serious pathogens (Okolo et al., 1995;

Kuete et al., 2007; Kotzekidou et al., 2008). Recent several

studies have been focused on growing interest in plants as a

significant source of new pharmaceuticals (Locher et al.,

1995; Rabe and Staden, 1997; Rates, 2001).

The 8 traditional medicinal plants used in this study were

chosen based on either traditional and ethnobotanical usage

suggestive of antibacterial or previous studies that have

demonstrated anti-inflammation (Kim et al., 2004), anti-

infraction (Ming et al., 2006), antioxidant (Wu et al., 2010),

anti-obesity (Miyata et al., 2010), analgesic and anti-fever

activity (Cha et al., 1998). However, a little information

exists regarding the antimicrobial activity of these medici-

nal plants. Therefore, the purpose of present study was to

screen the antimicrobial activity of 8 different medicinal plants.

MATERIALS AND METHODS

Plant materials and extracts preparation. The medici-

nal plants were obtained from the Research Institute of Tra-

ditional Medicinal Plants of Gyeongnam (Hamyang, the

province of Gyeongnam in south-western Korea). The

plants obtained from Institute included: Sedum kamtschati-

cum (SK: root or leaf), Geum japonicum (GJ), Geranium

sibiricum (GS), Saururus chinensis (SC: root or leaf), Agri-

monia pilosa (AP: root or leaf), Houttuynia cordata (HC:
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root or leaf), Perilla frutescens (PF), Agastache rugosa (AR).

The plants with their common names are listed in Table1.

Table 1 also provides a description of the parts of the

plants used and extraction yields (%, w/w. dry base) of the

plants. Each voucher specimens were deposited in the same

Research Institute. The identification of the plants material

was conducted entirely in the same Research Institute. The

plant materials (leaf and root) were air dried under shade

and cut into small pieces and stored at 4oC until use. Each

plant materials 300 g were extracted with 80% 900 ml

methanol in a shaking incubator at 80oC for 12 hr. The resi-

due was re-extracted under the same condition three times.

The extracts obtained were pooled and filtered. The com-

bined methanol specimen was evaporated to dryness using a

vacuum rotary evaporator and weighted (9.97 to 49.46%;

W/W, dry base) to determine the yield of soluble constitu-

ents. The extract obtained was subject to evaluate the anti-

microbial activity on against fifteen bacteria by preliminary

bioassay screening. Results of previous research in our lab-

oratory with various doses of herbal plants were used to

determine the levels of herbal plants that used in the experi-

ments reported here. The plant extracts dissolved in 2.5%

dimethyl sulfoxide (DMSO), which is maximum volume of

DMSO that could be used to dissolve solid extracts, were

first dilution to the final concentration (2500 µg/ml) for

each extract and then serial two fold dilution was made in

concentration range 0.6~2500 µg/ml in 10 ml sterile test

tube containing 2.5% DMSO. The solvent DMSO (2.5%)

that would not inhibit growth of the microorganisms (Zgoda

and Porter, 2001) was used as the negative control for all

the experiments.

Microbial strains. The bacterial test strains used in this

study were Salmonella typhimurium (ATCC14028), Psedu-

domonas aeruginoas (ATCC 9027), E. coli (ATCC 31165),

Salmonella enteritidis (ATCC 4931), Klebsiella pneumo-

nae (ATCC 13883), E. coli O157 :H7 (ATCC 43894), Enter-

obacte aerogenes (ATCC 29010), Shigella dysenteriae

(ATCC 29026), Bacillus subtillis (ATCC 31091), Bacillus

cereus (ATCC 11778), Staphylococcus epidermidis (ATCC

1228), and Staphylococcus aureus (ATCC 29213), all of

them obtained from the American Type Culture Collection

(ATCC) and Proteus mirabilis (CDC S 17), Proteus vul-

garis (CDC 527 C), and Listeria monocytogenes (EGD)

were kindly provided by Department of Microbiology, Col-

lege of Veterinary Medicine, Gyeongsang National Univer-

sity, Korea. The bacterial strains were maintained on agar

slant at 4oC in the same above- mentioned laboratory where

the antimicrobial tests were performed.

Culture media. Nutrient Agar (NA) containing Bromo-

cresol purple was used for the activation of Bacillus spe-

cies while NA was used for the other bacteria for minimum

bactericidal concentration (MBC). Mueller Hinton Agar (MHA)

was used for minimum inhibitory concentration (MIC).

Agar dilution method assays: (According to the guide-
lines of Clinical and Laboratory Standard Institute).

Evaluation of the antimicrobial activity of medicinal plants

extracts was conducted according to the agar dilution method

with some modification (Pottumarthy et al., 2006). Gentam-

ycin (Sigma) and bacteria-free solvent were used as a posi-

tive and negative control, respectively.

Inoculation preparation: At least four well isolated col-
onies of the same type from a culture agar plate were selected

and touched the top of colony with a loop and transferred to

a tube containing 4 ml of a suitable broth such as tryptic soy

broth (TBS). The suspension was incubated at 37oC and the

size was adjusted to the 0.5 MacFarland standard turbidity

(NCCLS, 1999), approximately 1.5 × 106 CFU/ml.

Preparation of antimicrobial plates: The diluted meth-

anol extracts were added to the melted and cooled medium

in a ratio of 1 part extract sample agent to 9 parts medium

Table 1. Plants extract sources and extraction yields of each plants by 80% methanol

Pharmacopeia scientific name Common name Korean name Yield1 Plant part used2

Sedum kamtschaticum Stonecrop Gilin weed 49.46 ± 1.8a R

Sedum kamtschaticum Stonecrop Gilin weed 26.65 ± 1.3c L

Geranium sibiricum Siberian geranium Illjeel 41.45 ± 1.3
b

L

Perilla frutescens Chinese Basil Deulggae 23.47 ± 2.2c L

Geum japonicum Geum macrophyllum BamnnMoo 47.54 ± 1.6a L

Saururus chinensis Spathium Chinense Lour Samback glass 40.17 ± 1.1
b

R

Saururus chinensis Spathium Chinense Lour Samback glass 29.22 ± 1.4c L

Agrimonia pilosa Hairy Agrimony Sunhaek weed 32.96 ± 1.5
c

L

Agrimonia pilosa Hairy Agrimony Sunhaek weed 09.97 ± 1.2
d

R

Houttuynia cordata Chameleon Uaesung weed 32.02 ± 1.6c L

Houttuynia cordata Chameleon Uaesung weed 14.92 ± 2.4
d

R

Agastache rugosaia Wrinkled giant hyssop Baechohang 11.94 ± 2.3
d

L
1: % W/W, dry base.
2: Plant parts used are indicated as follows; L-leaf, R-root.
abcd: Means ± SD with different superscript in the same column are significantly different (p < 0.01).
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(2 ml of plant extract to 18 ml of Mueller Hinton agar for

each petri dishes plate) with most susceptibility test. Genta-

mycin (0.62~5 µg/ml) was used as control for the 15 micro-

organisms assay. The reference antibiotic and its concentration

were chosen because they are often employed as first line

antibiotic in the respective bacterial infections.

Inoculation of test organisms: Full each well of multi-
ple-inoculator with inoculums test organisms and dip the tip

of multiple-inoculator on Mueller Hinton Agar plates and

incubate at 37oC for 24 hr. At least three repetitions were

run for each assay.

Minimum inhibitory concentration (MIC) and Mini-
mum bactericidal concentration (MBC): The MIC value

of the extract was determined as the lowest concentration

that completely inhibited bacterial growth after 48 hr of

incubation at 37oC. For the determination of MBC, a por-

tion of liquid (5 µl) from each plates well that exhibited no

growth were taken and then incubating 37oC for 24 hr. The

lowest concentration that revealed no visible bacterial growth

after sub-culturing was taken as MBC. Positive and nega-

tive cultures were also prepared.

RESULTS AND DISCUSSION

The methanol extracts from the root or leaf of 8 tradi-

tional medicinal plants showed various degrees of the inhi-

bition against 15 bacterial strains using the agar dilution

method (Table 2). The antibacterial activity of the methanol

extracts tested was found mainly against Gram negative

bacteria. In agreement with this finding, Nikaido (1996)

reported that the Gram negative bacteria have hydrophilic

out membrane owing to the consist of lipopolysaccharide

molecular, thus, small hydrophilic molecules pass the outer

membrane, on the other hand, this outer membrane have

property passing the lipophilic compounds and macromole-

cules and permeating outer membrane of the microorganisms

is prerequisite condition for any solute having antibacterial

activity. Thus, despite methanol extracts used in this study

are limited solubility in water, it penetrate the outer mem-

brane of Gram negative bacteria and disturbed cellular

function, metabolism, and loss of cellular constituents, lead-

ing their death. Similar results have also been reported in

other previous studies (Rajeshwar et al., 2005; Kuete et al.,

2007). In contrast, other reports did not consistent with our

results (Rabe and Staden, 1997; Rezende et al., 2006). This

difference may be due probably to the composition of sam-

ples used and the extraction process (water or solvents).

Most microorganisms tested, except 5 strains, were found to

be susceptive to the methanol extracts with MICs 0.6~

-5000 µg/ml and its growth was completely inhibited by the

extracts. The S. aureus was found to be the most resistant

microorganism against methanol extracts and was inhibited

by only 7 of 12 extracts tested followed by S. enteritidis

which were inhibited by 10 of 12 extracts and P. aerugi-

nosa, S. epidermidis and L. monocytogenes were inhibited

by 11 of 12 extracts (Table 2, 3). This result was agreed

Table 2. Antimicrobial activity of the methanol extracts from the leaves or root of 8 medicinal plants

Microorganisms
Methanol extracts

SK-Ra SK-L GJ GS SC-R SC-L AP-L AP-R HC-L HC-R PF AR RAb

Gram-negative bacteria

S. typhimurium + + + + + + + + + + + + +

E. coli + + + + + + + + + + + + +

P. aeruginosa + + + + + + + + + + + - +

S. enteritidis + + + + + + + + - - + + +

K. pneumonae + + + + + + + + + + + + +

E. coli-O 157:H7 + + + + + + + + + + + + +

E. aerogenes + + + + + + + + + + + + +

P. mirabilis + + + + + + + + + + + + +

S. dysenteriae + + + + + + + + + + + + +

P. ulgaris + + + + + + + + + + + + +

Gram-positive bacteria

B. subtillis + + + + + + + + + + + + +

S. epidermidis + + + + + + + + + + + - +

S. aureus + + + + + - + - - - + - +

L. monocytogenes + + + + + + + + + + + - +

B. cereus + + + + + + + + + + + + +

a: SK-R; Sedum kamtschaticum root, SK-L; Sedum kamtschaticum leaf, GJ; Geum japonicum, GS; Geranium sibiricum, SC-R; Saururus chinensis
root, SC-L; Saururus chinensis leaf, AP-R; Agrimonia pilosa root, AP-L; Agrimonia pilosa leaf, HC-R; Houttuynia cordata root, HC-L; Houttuynia
cordata leaf, PF; Perilla frutescens, AR; Agastache rugosaia.
b: RA, reference antibiotics (Gentamycin), (-); no inhibition.
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with observation of the Dorman and Deans (2000) and

Kotzekidou et al. (2008). The other results, However, did

not in accord with the reports of Al-Bakri and Afifi (2007),

Kuete et al. (2007) and Kotzekidou et al. (2008). This dis-

crepancy may be also due to the difference of samples used

and the extraction process. The antimicrobial spectra of the

SK-R, SK-L, GJ, SC-R, AP-L and PF methanol extracts

were 100% and GS, SC-L, AP-R, HC-L, HC-R and AR

were showed selective activity at 93, 86 and 73% against

the tested pathogens, respectively (Table 2). Similar results

have also been reported in the other previous studies

(Dordevic et al., 2007; Kuete et al., 2007, 2008; Kukic et

al., 2008; Kotzekidou et al., 2008).

The results of Table 3 showed that the MIC values varied

from 0.6~5000 µg/ml, respectively for the 12 extracts. The

lowest MIC values (0.6 µg/ml) obtained with GS, SC-R,

AP-L, and AR were recorded on the 7 of the 15 microor-

ganisms tested. The MIC values of 0.6 µg/ml obtained with

extracts GS, SC-R and AP-L against Enterobacte aero-

genes were 2 fold greater than that of reference antibiotic on

the corresponding microorganisms and showed the same

MIC values to reference antibiotic against Proteus mirabi-

lis and Shigella dysenteriae. Also, the MIC values of 0.6

and 1.22 µg/ml obtained with extract AP-L exhibited the

same potency to reference antibiotic for E. coli, and E.

colic-O157:H7, respectively. Especially, the Listeria mono-

cytogenes exhibited 4 times susceptibility for extracts GS

and SC-R When compared to reference antibiotic (Table 3).

Minimum bactericidal effects were exhibited with vari-

ous degrees in all the methanol extracts. These effects were

also observed on 15/15 microorganisms for SK-R, SK-L,

GJ, GS, SC-R and AP-L. The AR had only eleven (11/15)

bactericidal potency. Mims et al. (1993) reported that the

value of the lowest MBC obtained was not more four times

higher than that of MIC’s on the corresponding pathogens,

It seems possible that the sample tested was possessed the

antimicrobial activity. The lowest MBC (1.22 µg/ml) was

obtained in this study. This value not more than four times

greater than that of the MIC’s on the corresponding micro-

organisms (Table 4). This data was supported by the other

studies (Meyer and Lall, 2007; Kuete et al., 2007, 2008).

The known antibacterial mechanisms of medicinal plants

against microorganisms were inhibit cell wall synthesis (Cowan,

1999; Marcucci et al., 2001), accumulate in bacterial mem-

branes causing energy depletion (Conner, 1993), or interfere

the permeability of cell membrane which had a conse-

quence a permeability increase and loss of cellular consti-

tutes, membrane disruption and changes the structure and

function of key cellular constituents, resulting in mutation,

cell damage, and death (Kim et al., 1995). Lin and Tang

(2007) reported that phenolic and flavonoids contents in

various fruits and vegetables help immune-modulator organs,

killing the microorganisms. Medicinal plants used in the

present study were known to possess various phenolic and

flavonoids contents (Cha et al., 1997; Wu et al., 2010).

Although, antibacterial mechanisms of medicinal plants

Table 3. Minimum inhibition concentration (µg/ml) for the methanol extracts from leaves or root of 8 medicinal plants

Microorganisms
Methanol extracts

SK-Ra SK-L GJ GS SC-R SC-L AP-L AP-R HC-L HC-R PF AR RAb

Gram-negative bacteria

S. typhimurium 9.76 19.53 78.12 1.22 156.2 78.12 0.6 1250 4.88 312.5 1250 156.2 0.31

E. coli 9.76 9.76 78.12 9.76 312.5 78.12 0.6 1250 9.76 1250 1250 156.2 0.62

P. aeruginosa 39.00 9.76 2500 0.6 156.2 1250 4.88 2500 9.76 1250 5000 - 0.31

S. enteritidis 78.12 19.53 78.12 625 1250 1250 1250 1250 - - 1250 1250 1.25

K. pneumoniae 78.12 78.12 78.12 4.88 39 1250 4.88 1250 9.76 312.5 312.5 156.2 0.62

E. coli-O 157:H7 19.53 1250 1250 4.88 156.2 1250 1.22 1250 9.76 1250 78.1 1250 1.25

E. aerogenes 9.76 1250 625 0.6 0.6 1250 0.6 78.12 4.88 4.88 78.1 156.2 1.25

P. mirabilis 4.88 156.2 78.12 0.6 0.6 1250 0.6 9.76 2.44 1.22 1250 1.22 0.62

S. dysenteriae 9.76 1250 625 0.6 0.6 1250 0.6 19.53 1.22 1.22 19.53 0.6 0.62

P. vulgaris 156.2 78.12 78.12 4.88 19.53 1250 9.76 156.2 156.2 9.76 4.88 156.2 0.31

Gram-positive bacteria

B. subtillis 156.2 9.76 625 4.88 1250 1250 19.53 2500 1250 1250 625 1250 0.62

S. epidermidis 312.5 9.76 1250 9.76 2500 625 78.12 1250 1250 2500 625 - 1.25

S. aureus 1250 78.12 2500 78.1 2500 - 156.2 - - - 5000 - 2.5

L. monocytogenes 78.12 156.2 78.12 0.6 0.6 1250 4.88 312.5 19.53 156.2 2500 - 2.5

B. cereus 1250 156.2 156.2 39 78.12 1250 78.12 1250 312.5 312.5 1250 1250 0.62

a: SK-R; Sedum kamtschaticum root, SK-L; Sedum kamtschaticum leaf, GJ; Geum japonicum, GS; Geranium sibiricum, SC-R; Saururus chinensis
root, SC-L; Saururus chinensis leaf, AP-R; Agrimonia pilosa root, AP-L; Agrimonia pilosa leaf, HC-R; Houttuynia cordata root, HC-L; Houttuynia
cordata leaf, PF; Perilla frutescens, AR; Agastache rugosaia.
b: RA; reference antibiotics (Gentamycin), (-): no inhibition.
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used in this study against various microorganisms were not

fully illustrate, we suggest that one of the mechanisms

above mentioned play an important role in their antibacte-

rial activity. From these findings, we suggest that plant

extracts used in this study may be become source for dis-

covery of novel antibiotics agent from plant sources. But

we also should consider the other reports that determina-

tion of MIC values and antibacterial activity were influ-

enced by technical methods in each laboratory and bacterial

inherent virulence and susceptibility and the result of in

vitro should not apply directly to clinical field without in

vivo study (Nikaido, 1996). Thus, it is important to keep

in mind that in vitro and in vivo research must be con-

ducted to evaluate the biological effects and the application

in clinics of using different compounds formulations. Also,

It is necessary that we must be consider the methods of

plant extract because traditionally plant extract were pre-

pared with water such as poultices, decoction and infusions.

The plant extracts, However, used in current study were

extracted with methanol.

In conclusion, We found that the methanol extracts from

the 8 medicinal plants (leaf or root) had significant antimi-

crobial activity, Especially, GS, SC-R and AP-L which have

the lowest MIC (0.6 µg/ml) on 7 microorganisms strains and

showed antibacterial activity against all of the 15 microor-

ganisms used in present study and would be interesting

source for discovery of novel antibiotics agent from plant

sources.

ACKNOWLEDGMENTS

“This work was supported by the fund of Research Pro-

motion Program (RPP-2009-047), Gyeongsang National

University”. Authors acknowledge the technical support of

the Department of microbiology, College of the Veterinary

Medicine, Gyeongsang National University.

REFERENCES

Al-Bakri, A.G. and Afifi, F.U. (2007). Evaluation of antimicrobial

activity of selected plant extracts by rapid XTT colorimetry and

bacterial enumeration. J. Microbiol. Methods, 68, 19-25.

Alma, M.H., Mavi, A., Yildirim, A., Digrak, M. and Hirata, T.

(2003). Screening chemical composition and in vitro antioxi-

dant and antimicrobial activities of the essential oils from Orig-

anum syriacum L. growing in Turkey. Biochem. Pharmacol.

Bull., 26, 1725-1729.

Andrade, S.F, Cardoso, L.G.V., Carvalho, J.C.T. and Bastos, J.K.

(2007). Antiinflammatory and antinociceptive activities of

extract, fractions and populnoic acid from bark wood of Aus-

troplenckia populnea. J. Ethnopharmacol., 109, 464-471.

Cha, B.C, Lee, S.K., Lee, H.W., Lee, U., Choi, M.Y., Rhim, T.J.

and Park, H.J. (1998). Antioxidative effects of medicinal plants

in Korea. Korean J. Pharmacol., 28, 15-20.

Conner, D.E. (1993). Naturally occurring compounds. In Antimi-

cobials in foods, Davidson, P.T. and Branen, A.L. (Eds.).

Marecl Dekker , New York, pp. 441-468.

Cowan, M.M. (1999). Plant products as antimicrobial agents. Clin.

Microbiol. Rev., 12, 564-582.

Table 4. Minimum bactericidal concentration (µg/ml) for the methanol extracts from leaves or root of 8 medicinal plants

Microorganisms
Methanol extracts

SK-R
a

SK-L GJ GS SC-R SC-L AP-L AP-R HC-L HC-R PF AR RA
b

Gram-negative bacteria

S. typhimurium 78.1 156.2 625 9.76 2500 625 2.44 5000 78.12 2500 >5000 1250 0.62

E. coli 78.1 78.12 312.5 78.12 2500 625 4.88 5000 156.2 2500 >5000 1250 1.25

P. aeruginosa 156.2 78.12 5000 2.44 1250 5000 39.0 >5000 156.2 5000 nt nt 0.62

S. enteritidis 312.5 156.2 625 2500 >5000 5000 5000 5000 nt nt 5000 5000 2.5

K. pneumonae 312.5 625 1250 78.12 625 5000 39 2500 78.12 2500 2500 2500 1.25

E. coli-O 157:H7 156.2 5000 2500 39 1250 >5000 4.88 2500 78.12 5000 625 5000 2.5

E. aerogenes 78.12 5000 2500 1.22 2.44 2500 2.44 1250 39 39 1250 2500 1.25

P. mirabilis 39 1250 312.5 1.22 1.22 5000 1.22 312.5 19.57 9.76 >5000 9.76 1.25

S. dysenteriae 156.2 2500 5000 2.44 1.22 5000 2.44 312.5 4.88 9.76 156.2 9.76 1.25

P. vulgaris 625 625 625 78.12 625 2500 78.1 1250 1250 78.12 39 1250 0.62

Gram-positive bacteria

B. subtillis 625 78.12 2500 39 5000 2500 625 5000 5000 >5000 500 5000 2.5

S. epidermidis 1250 78.12 5000 156.2 >5000 2500 1250 2500 2500 >5000 500 nt 2.5

S. aureus 2500 1250 >5000 1250 >5000 nt 39 nt nt nt nt nt 5

L. monocytogenes 625 625 1250 2.44 2.44 5000 19.53 2500 312.5 2500 500 nt 5

B. cereus 2500 625 625 625 1250 5000 625 2500 2500 2500 500 5000 2.5

a: SK-R; Sedum kamtschaticum root, SK-L; Sedum kamtschaticum leaf, GJ; Geum japonicum, GS; Geranium sibiricum, SC-R; Saururus chinensis
root, SC-L; Saururus chinensis leaf, AP-R; Agrimonia pilosa root, AP-L; Agrimonia pilosa leaf, HC-R; Houttuynia cordata root, HC-L; Houttuynia
cordata leaf, PF; Perilla frutescens, AR; Agastache rugosaia.
b: RA; reference antibiotics (Gentamycin), nt; not tested because the MIC was not determined.



36 C.-G. Kang et al.

Dordevic, S., Petrovic, S., Dobric, S., Milenkovic, M., Vucicevic,

D., Zizic, S. and Kukic, J. (2007). Antimicrobial, anti-inflam-

matory, anti-ulcer and antioxidant activities of Carlina acanthi-

folia root essential oil. J. Enthnopharmacol., 109, 458-463.

Dorman, H.J.D. and Deans, S.G. (2000). Antimicrobials agent

from plants: Antibacterial activity of plant volatile oils. J. Appl.

Microbiol., 88, 308-316.

Garza, B.A.A., Gonzalez, G.M.G., Aranda, R.S., Torres, N.W. and

Galindo, V.M.R. (2007). Screening of antifungal activity of

plants from the northeast of Mexico. J. Ethnopharmacol., 114,

468-471.

Hostettman, K. (1998). Strategy of the biological and chemical

evaluation of plant extracts. IUPAC, 70, 21-22.

Inatani, R., Nakatani, N. and Fuwa, H. (1996). Antioxidative effect

the constituent of rosemary and their derivatives. Agric. Biol.

Chem., 47, 521-525.

Kim, J., Marshal, M.R. and Wei, C. (1995). Antibacterial activity

of some essential oil components against five food borne patho-

gens. J. Agric. Food Chem., 4, 2839-2845.

Kim, D.W., Son, K.H., Chang, H.W., Bae, K.S., Kang, S.S. and

Kim, P.P. (2004). Anti-inflammatory activity of Sedum

Kamtschaticum. J. Enthnopharmacol., 90, 409-414.

Kotzekidou, P., Giannakidis, P. and Boulamatsis, A. (2008). Anti-

microbial activity of some plant extracts and essential oils

against food borne pathogens in vitro and on the fate of inocu-

lated pathogens in chocolate. Food Sci. Tech., 41, 119-127.

Kuete, V., Nguemeving, J.R., Beng, V.P., Azebaze, A.G..B., Etoa,

F.X., Meyer, M., Bodo, B. and Nkengfack, A.E. (2007). Anti-

microbial activity of the methanolic extracts and compounds

from vismia laurentii De Wild (Guttiferae). J. Ethnopharma-

col., 109, 372-379.

Kuete, V., Wabo, G.F., Ngameni, B., Mbaveng, A.T., Metuno, R.,

Etoa, F.X., Ngadjui, B.T., Beng, V.P., Kukic, J., Popovic, V.,

Petrovic, S., Mucaj, P., Ciric, A., Stojkovic, D. and Sokovic, M.

(2008). Antioxidant and antimicrobial activity of Cynara car-

dunculus extracts. Food Chem., 10, 861-868.

Kumar, A. and Roy, S.K. (1972). Some medicinal ferns Neterhat

hills (Bihar). J. Sci. Res., 23, 139-142.

Lin, J.Y. and Tang, C.Y. (2007). Determination of total phenolic

and flavonoid conents in selected fruits and vegetables, as well

as their stimulatory effects on mouse splenocyte proliferation.

Food Chem., 101, 140-147.

Locher, C.P., Burch, M.T, Mower, H.F., Berestecky, J., Davis, H.,

Van Pole, B., Lasure, A., Vanden Berghe, D.A. and Vietinck,

A.J. (1995). Anti-microbial activity and anticomplement activ-

ity of extracts obtained from selected Hawaiian medicinal

plants. J. Ethnopharmacol., 49, 23-32.

Marcucci, M.C., Ferreres, F., Viguera, C., Bankova, V.S., Castro,

S.L. and Dantas, A.P. (2001). Phenolic compounds from Brazil-

ian propolis with pharmacological activities. J. Ethnopharma-

col., 74, 105-112.

Meyer, J.J.M. and Lall, N. (2007). Antimicrobial activity of the

methanolic extracts, fractions and compounds from the stem

bark of Irvingia gabonensis (Ixonanthaceae). J. Ethnopharma-

col., 114, 54-60.

Mims, C.A., Playfair, J.H.L., Roitt, I.M., Wakelin, D. and Will-

iams, R. (1993). Antimicrobials and chemotherapy. Medi.

Microbiol. Rev., 35, 1-3.

Ming, L.I., Cheuk, M.Y., Lei, C., Mei, W., Xuemei, G., Ka, H.L.,

Tian, W., Yn, T.S. and Johan, E.S. (2006). Repair of infracted

mycocardium by an extract of Japonicum with dual effects on

angiogenesis and myogenesis. Clin. Chem., 52, 1460-1468.

Miyata, M., Koyama, T. and Yazawa, K. (2010). Water extract of

Houttuynia cordata Thunb. leaves exerts anti-obesity effects by

inhibiting fatty acid and glycerol absorption. J. Nutr. Sci. Vita-

minol., 56, 150-156.

Nikaido, H. (1996). Outer membrane. In Escherichia coli and Sal-

monella: Cellular and Molecular Biology, Neidhardt, F.C.

(Eds.). ASM Press , Washington DC, pp. 29-47.

NCCLS (1999). National Committee for Clinical Laboratory Stan-

dards, 1999. Performance standards for antimicrobial suscepti-

bility testing. In Ninth Informational Supplement, Wayne,

Pennsylvania M 100-S9.

Okolo, C.O., Johnson, P.B., Abdurahman, E.M., Aguye, I.A. and

Hussaini, I.M. (1995). Analgesic effect of Irvingia gabonensis

stem bark extract. J. Ethnopharmacol., 45, 125-129.

Pottumarthy, S., Fritsche, T.R. and Jone, R.N. (2006). Activity of

gemifloxacin tested against Neisseria gonorrheae isolates includ-

ing antimicrobial-resistant phenotypes. Digno. Microbiol. Infect.

Dis., 54, 127-134.

Rabe, T. and Staden, J.V. (1997). Antibacterial activity of South

African plants used for medicinal purposes. J. Ethnopharma-

col., 56, 81-87.

Rajeshwar, Y., Gupta, M. and Mazumder, U.K. (2005). In vitro

lipid peroxidation and antimicrobial activity of Mucuna pru-

riens seeds. Iranian J. Pharmacol. Therapeu., 4, 32-35.

Rates, S.M.K. (2001). Plants as source of drugs. Toxicon., 39, 603-

613.

Rezende, G.P.S., Pimenta, F.C. and Costa, L.R.S. (2006). Antimi-

crobial activity of two Brazilian commercial propolis extracts.

Braz. J. Oral Sci., 5, 967-970.

Singh, M., Singh, N., Khare, P.B. and Rawat, A.K.S. (2008). Anti-

microbial activity of some important Adiantum species used

traditionally in indigenous systems of medicine. J. Ethnophar-

macol., 115, 327-329.

Webster, D., Taschereau, P., Belland, R.J., Sand, C. and Rennie,

R.P. (2008). Antifungal activity of medicinal plants extracts;

preliminary screening studies. J. Ethnopharmacol., 115, 140-

146.

Wu, N., Zu, Y., Fu, Y., Kong, Y., Zhao, J., Li, X., Li, J., Wink, M.

and Efferth, T. (2010). Antioxidant activities and xanthine oxi-

dase inhibitory effects of extracts and main polyphenolic com-

pounds obtained from Geranium sibiricum L. J. Agric. Food

Chem., 58, 4737-4743.

Zgoda, J.R. and Porter, J. (2001). A convienient microdilution

methods for screening natural products against bacteria and

fungi. Pharmacol. Bio., 39, 221-225.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


