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ABSTRACT: Genus Scutellaria belongs to the family Lamiaceae and is known to possess different pharmacological
properties. S. litwinowii is a species from this genus that is endemic to Iran. In this work, antioxidant activities of methanol,
dichloromethane, and ethyl acetate extracts of S. litwinowii were evaluated using thiobarbituric acid reactive species
(TBARS) and 2, 2′-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assays. In addition, antimicrobial activities of
the mentioned extracts were screened against standard strains of Staphylococcus aureus, Bacillus cereus, Pseudomonas
aeruginosa, Escherichia coli, and Candida albicans. The minimum inhibitory concentrations and minimum bactericidal
concentrations were determined by broth microdilution method and tetrazolium chloride salt. The highest antioxidant index
(AI) was observed from the methanolic extract in both TBARS (41.6% at 32 mg/ml) and DPPH (92.29% at 16 mg/ml)
assays. The AI of the methanolic extract in DPPH assay was significantly higher than those of other extracts (p < 0.001).
However, the AI of all extracts were significantly lower than those of the reference compounds, namely vitamin E and
butylated hydroxytoluene (p < 0.001). The results of this investigation indicated that extracts obtained from the aerial
parts of S. litwinowii possessed antioxidant and antimicrobial properties. Further research is required to identify the active
phytochemicals responsible for these biological activities.
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INTRODUCTION

In recent decades, considerable interest has been
focused on finding naturally-occurring antioxidants
to be used in food industry as safe alternatives for
synthetic compounds, for which serious side effects
have been reported1. Natural crude extracts and
biologically active phytochemicals have been long
used to treat a number of common infections in de-
veloping countries2. However, scientific investigation
to determine the therapeutic potential of these plants
is limited3.

Many medicinal plants contain large amounts of
antioxidant and antimicrobial constituents such as
phenols and flavonoids. Phenolic compounds exhibit
a wide range of physiological properties such as anti-
inflammatory4, anti-mutagenic5, 6, antimicrobial7, 8,
antioxidant7, 9, 10, anti-thrombotic, cardioprotective,

and vasodilatory effects9, 11, 12. Polyphenols have been
shown to exert important antioxidant effects against
free radicals and lipid peroxidation via several mecha-
nisms1. Flavonoids are another group of secondary
metabolites which are widely distributed in plants.
These phytochemicals possess diverse biological ac-
tivities including well-documented antioxidant prop-
erties. Interestingly, the antioxidant activity of many
flavonoids such as quercetin, luteolin, and catechins
is higher than that of some well-known compounds,
e.g., vitamins C and E, and β-carotene13. Besides,
flavonoids such as apigenin and luteolin are active
against methicillin-resistant Staphylococcus aureus14.

Genus Scutellaria (Lamiaceae) contains around
300 species of plants with 20 species and 2 hybrids
in Iran, of which 10 species and 2 hybrids are en-
demic15, 16. The genus has been reported to possess
a variety of biological activities17 such as antibac-
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terial14, 18, antiviral, cytotoxic, anti-inflammatory19,
antioxidant13, 20, anti-cancer21, 22, anticonvulsant8, 23,
and hepatoprotective effects24.

Although the antioxidant activity of extracts from
different Scutellaria species is known13, 14, 18, 21, 25,
there has been no previous report concerning
S. litwinowii which is endemic to Iran and Afghan-
istan26. In the present study, total phenolic and
flavonoid contents as well as antioxidant and antimi-
crobial activities of different S. litwinowii extracts
were investigated.

MATERIALS AND METHODS

Chemicals and reagents

All chemicals and reagents were purchased from
Merck (Germany) unless otherwise stated.

Plant materials

Aerial parts of S. litwinowii were collected from
Pivehgan (2100 m), Khorasan Razavi province, north-
east of Iran, in July 2006. Mr. M. R. Joharchi from
the Herbarium of Ferdowsi University of Mashhad
identified the species. A voucher specimen of the
plant (no. 14 175) was deposited at the Herbarium of
Ferdowsi University of Mashhad (Mashhad, Iran).

Plant extraction

The aerial parts of the plants were dried under shade
at room temperature and then cut into small pieces.
About 200 g of sample was macerated in methanol,
dichloromethane, and ethyl acetate27 at room temper-
ature for 48 h separately. Each solvent was allowed
to remain in contact with plant material for 24 h, and
replaced with fresh solvent four times. Removal of
the solvents under vacuum at 40 °C gave the crude
extracts3.

Qualitative tests for the presence of flavonoids,
tannins, and saponins

Methanol extract was first subjected to some rapid
tests for qualitative evaluation of the presence of
flavonoids, tannins, and saponins. In order to test the
presence of flavonoids, concentrated methanol extract
(1 g) was dissolved in 10 ml distilled water. Following
filtration, magnesium powder (100 mg) was added
to 2–3 ml of the filtrate. Then, concentrated HCl
(0.5 ml) was added to the mixture. The presence
of flavonoids is characterized by the formation of a
pale pink to red colour within 2 min. To confirm
the presence of flavonoids, amyl alcohol (3-methyl-
1-butanol; 2 ml) was added to the aforementioned
solution. If flavonoids are present in the solution,
the colour will be displaced into the upper (amyl

alcohol) layer and thus could be differentiated from
anthocyanins28.

To test the presence of saponins, concentrated
methanol extract (1 g) was diluted with 10 ml distilled
water in a test tube. After vigorous shaking for
2 min, the presence of saponins was confirmed by
the formation of froth which is stable for at least
30 min. The height of the stable froth is proportional
to the saponin content of extract. It should be noted
that froth obtained from herbal saponins does not
disappears by addition of 1 or 2 drops of HCl29.

The presence of tannins was evaluated by dissolv-
ing concentrated methanol extract (1 g) in 10 ml dis-
tilled water. Following filtration, the solution was di-
vided into 2 portions. NaCl 10% and aqueous gelatin
1% solutions were added to the first and second parts,
respectively. The presence of tannins was detected
by formation of precipitate in the gelatin containing
tube or both tubes. The tannin content of the extract
is proportional to the amount of precipitate. As a
confirmation test, one drop of extract was placed on
a paper and sprayed with 5% ferric chloride solution.
Formation of blue or dark green spots is indicative of
the presence of tannins30.

Determination of total phenolics

Total phenolic contents of methanol, dichlorometh-
ane, and ethyl acetate extracts were determined using
the Folin-Ciocalteu method31. A standard curve was
plotted using tannic acid as standard. One-hundred
microlitres of each sample and standard was diluted
with distilled water to the final volume of 0.5 ml.
Then, 0.25 ml of the Folin-Ciocalteu reagent and
1.25 ml of the Na2CO3 solution (7.5%) were added to
each tube, respectively. The tubes were vortexed and
the absorbance of all samples and standards were mea-
sured at 725 nm using a UV-vis spectrophotometer
(Cecil, UK) after 40 min. Total phenolic content was
expressed as tannic acid equivalent (TAE) calculated
from the calibration curve10.

Determination of total flavonoids

The flavonoid content of each extract was determined
according to Lamaison and Carnat, using a method
based on the formation of a flavonoid-aluminium com-
plex. Different concentrations of quercetin (Sigma,
USA) were used to make the calibration curve.
One ml of each diluted sample was mixed with 1 ml
of 2% AlCl3 methanol solution. Following incubation
at room temperature for 15 min, the absorbance of
the reaction mixture was measured at 430 nm using
a UV-Vis spectrophotometer. The flavonoid contents
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of extracts were expressed as quercetin equivalents
(QE)2. Quercetin was purchased from Sigma, USA.

ANTIOXIDANT ACTIVITY

Thiobarbituric acid reactive species (TBARS)
assay

A modified TBARS assay32, 33, using egg yolk ho-
mogenates as lipid rich media, was applied to measure
the potential antioxidant capacity of extracts. Briefly,
0.5 ml (10% w/v) of tissue homogenate and 0.1 ml
of sample solution (extract concentrations: 0.5, 1, 2,
4, 8, 16, and 32 g/l) were added to a test tube and
made up to 1.0 ml with distilled water. Then, 0.05 ml
of 2, 2′-azobis (2-amidinopropane) dihydrochloride
(Aldrich, Germany) aqueous solution (0.07 M) (for
induction of lipid peroxidation), 1.5 ml of 20% acetic
acid (pH 3.5), and 1.5 ml of 0.8% (w/v) thiobarbituric
acid in 1.1% (w/v) sodium dodecyl sulphate solution
were added. The resulting mixture was vortexed and
heated at 95 °C for 60 min. After cooling, 5.0 ml of
n-butanol was added to each tube, then extensively
vortexed and centrifuged at 2500g for 10 min. The
absorbance of the upper organic layer was measured
using a spectrophotometer at 532 nm. Butan-1-ol was
used as blank and vitamin E (α-tocopherol) as positive
control. All tests were carried out in quadruplicate.
Values were expressed as antioxidant index (AI) de-
fined as (1−AT/AC), where AC is the absorbance of
the fully oxidized control and AT is the absorbance of
the test sample.

DPPH (2, 2′-diphenyl-1-picrylhydrazyl) assay

The antioxidant activity of the extracts was measured
in terms of hydrogen donating or radical scavenging
ability, using DPPH as a stable radical33. Scavenging
of DPPH represents the free radical reducing activity
of extracts based on one-electron reduction10.

Methanol stock solution of each sample (0.1 ml)
was added to 3.9 ml of freshly prepared DPPH meth-
anol solution (0.1 mM). Afterwards, all samples were
incubated for 30 min at room temperature in the dark
and then absorbance was measured at 517 nm using
a UV-vis spectrophotometer. Methanol was used as
blank and ascorbic acid and butylated hydroxy toluene
(BHT) (Sigma, USA) as positive controls. All tests
were carried out in quadruplicate.

The absorbance of control was measured daily
and AI was calculated as (AC(0) − AA(t))/AC(0),
where AC(0) is the absorbance of the control at t =
0 min and AA(t) is the absorbance of the antioxidant
at t = 30 min. IC50 values were calculated using
CALCUSYN program.

ANTIMICROBIAL ACTIVITY

Determination of the minimum inhibitory
concentrations (MIC)

Antimicrobial activities of methanol, dichlorometh-
ane, and ethyl acetate extracts of the aerial part of
the plant were determined against two Gram-positive
bacteria: S. aureus (ATCC 6538p) and Bacillus cereus
(ATCC 10876), two Gram-negative bacteria: Pseu-
domonas aeruginosa (ATCC 9027) and Escherichia
coli (ATCC 10536), and the fungus Candida albicans
(ATCC 10231).

Minimum inhibitory concentrations (MICs) were
determined by broth macrodilution method in 24-well
plates, using a modification of methods reported by
Rios et al34 and Duffy and Power35. Initial concen-
tration of each extract was prepared with the aid of
bath sonicator (0.8 g extract plus 4 ml solvent, 30%
dimethylsulphoxide in sterile distilled water and drop
of Tween 80). One ml of diluted extract was infused
into macroplate with 1 ml of sterile Mueller-Hinton
broth (2× MHB; HiMedia, India) and then serially
diluted (50% with MHB) and finally homogenized.
Microbial suspension equivalent to 0.5 McFarland
standard turbidity was prepared by suspensions of the
growth from brain-heart infusion medium (HiMedia,
India). Suspensions were further diluted to obtain a
concentration of 107 colony-forming units (CFU) per
ml for the bacteria and 106 CFU for fungi3. Then,
10 µl of diluted inoculums was added to each well
of macro-plate. Gentamicin and ketoconazole media
were used as the positive control for bacterial and
fungus strains, respectively, and their effects were
determined the same as plant extracts. The sterility
of the medium was also tested in two wells. Plates
were incubated for 24 h at 37 °C for bacteria, and 48 h
at 25 °C for C. albicans.

The growth of microorganisms was assessed by
MTT (2,3,5-triphenyl tetrazolium chloride, Sigma,
USA) assay. Briefly, 0.5 ml of MTT (5 mg/ml;
dissolved in sterile water) was added to each well and
the plates were incubated at 37 °C for bacteria and
25 °C for yeast for 3 h36. The results were expressed
as the lowest concentration of plant extract that could
inhibit any red dye production. The experiment was
repeated in triplicate.

Determination of minimum bactericidal
concentrations (MCC)

The bactericidal effects of extracts were determined
according to the method described by Rios et al34.
One hundred µl of clear dilutions in wells of macro-
plate were subcultured on the Mueller-Hinton agar
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plates (HiMedia, India) and subsequently incubated at
37 °C for 24 h for bacteria, and at 25 °C for 48 h for
yeast. The lowest concentration of each extract with
no observable growth represented MCC.

Statistical analysis

The results are presented as means±SD. Statistical
analysis was carried out using INSTAT 3 software.
Group comparisons were made by one-way ANOVA.
Tukey-Kramer test was used for post-hoc multiple
comparisons.

RESULTS AND DISCUSSION

The presence of non-volatile compounds such as
saponins, flavonoids, and tannins in the methanol
extract of S. litwinowii was investigated. The extract
was quite rich in flavonoids but free from saponins and
tannins.

Total phenolic and flavonoid content

Total phenolic content of extracts was determined by
Folin-Ciocalteu method. Total phenols of S. litwinowii
extracts were calculated according to the equation
y = 0.1074x − 0.0027 (r2 = 0.9999) as tannic
acid equivalent (TAE, mg/g dry material), while total
flavonoid contents were determined in accordance
with the equation y = 0.0316x + 0.0118 (r2 =
0.9987) obtained by calibration curves as quercetin
equivalent (QE, mg/g dry material).

Total phenolics varied in different extracts: 16.9,
17.0, and 35.3 mg TAE/g of the dry material in
dichloromethane, ethyl acetate, and methanol extract,
respectively. In regard to the amount of flavonoids in
the aerial parts of S. litwinowii, dichloromethane ex-
tract contained a higher content of flavonoids (13.2 mg
QE/g of the dry material), compared to ethyl acetate
(9.9 mg QE/g) and methanol extracts (7.2 mg QE/g).

Antioxidant activity

There is a great demand for natural antioxidants to
be used for dietary, pharmaceutical, and cosmetical
purposes. Regarding the diversity of active antioxi-
dant ingredients in plant extracts, it would be difficult
to evaluate the activity of different ingredients in
separate assays. Besides, the total antioxidant activity
of a given herbal extract may be due to the synergism
of several active components. Therefore, to ensure
the inclusion of the majority herbal antioxidants, sev-
eral intermediate extractions are usually performed37.
Phenolic compounds (including flavonoids, pheno-
lic acids and alcohols, stilbenes, tocopherols, and
tocotrienols) represent an important class of plant-
derived antioxidants. The redox properties of phenolic

compounds make them behave as reducing agents,
hydrogen donors and singlet oxygen quenchers. They
also may have a metal chelating potential38.

In the present study, using two different methods,
it was found that S. litwinowii extracts possess antiox-
idant properties (Table 1 and Table 2).

TBARS assay

TBARS assay is based on the reaction between thio-
barbituric acid and malondialdehyde as well as other
secondary lipid peroxidation products. Results from
this assay indicated that the highest antioxidant activ-
ity of methanol, dichloromethane, and ethyl acetate
extracts of S. litwinowii were at 32, 8, and 8 mg/ml,
respectively (Table 1). The highest AI was observed
from methanolic extract being 41.63%. However, the
AIs of the three extracts were different to that of the
vitamin E at either of tested doses (p < 0.001).

DPPH free radical scavenging activity

Relatively stable organic DPPH (2,2′-diphenyl-1-pic-
rylhydrazyl) has been widely used for the determi-
nation of antioxidant activity of single compounds
as well as different plant extracts. This easy, rapid,
and inexpensive method is based on the reduction
of alcoholic DPPH solution in the presence of a
hydrogen donating antioxidant. Upon pairing with
hydrogen from a radical scavenger, the absorption
vanishes and the resulting decolourization is stoi-
chiometric with respect to degree of reduction. The
remaining DPPH, measured after a certain time, cor-
responds inversely to the radical scavenging activity
of the antioxidant1, 10, 33. This method is faster than
TBARS and could provide useful data on the radical
scavenging activity and thereby antioxidant activity
of compounds. However, in the TBARS method,
the test environment is more similar to the in vivo
conditions33.

In the current investigation, vitamin C and BHT
had the highest radical scavenging activities while
the activity of S. litwinowii extracts were significantly
lower at all tested concentrations (p < 0.001, Table 2).
Among the three tested extracts, methanol extract
exhibited the strongest activity (AI = 92.3% at
16 mg/ml) compared to other extracts at all tested con-
centrations (p < 0.001). Likewise, the ethyl acetate
and dichloromethane extracts showed moderate activ-
ity (highest AI = 60.2% and 55.2%, respectively, at
32 mg/ml). Consistent with present results, a previous
comprehensive study that evaluated the DPPH radical
scavenging activity of the extracts from the aerial parts
of 33 Turkish Scutellaria species, reported the activity
of ethyl acetate and methanol extracts to be low and
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Table 1 Antioxidant activity of the methanol, dichloromethane, and ethyl acetate extracts from S. litwinowii in TBARS
assay (n = 4).

Sample AIa in different concentrations

32b 16 8 4 2 1 0.5

Vit E 90.45± 0.02 85.14± 0.05 80.42± 0.28 77.36± 0.71 63.56± 0.36 58.93± 0.53 45.39± 0.44

Methanol 41.63± 0.48 27.45± 0.38 21.21± 0.19 19.33± 0.53 16.51± 0.64 13.30± 0.93 11.03± 0.50
extract *** *** *** *** *** *** ***

Dichloromethane 6.17± 0.22 11.57± 0.12 31.22± 0.81 22.56± 0.44 20.56± 0.51 16.67± 0.36 12.35± 0.15
extract ***§§§ ***§§§ ***§§§ ***§§§ ***§§§ ***§§§ ***§§

Ethyl acetate 13.62± 0.23 17.96± 0.13 30.41± 0.80 25.34± 0.89 20.46± 0.38 14.81± 0.41 12.28± 0.20
extract ***§§§††† ***§§§††† ***§§§ ***§§§ ***§§§ ***§†† ***§§

a Antioxidant effectiveness expressed as antioxidant index (%).
b Concentrations (mg/ml).

Comparison with vitamin E: ***p < 0.001; Comparison with methanol extract: §p < 0.05, §§p < 0.01, §§§p < 0.001;
Comparison with dichloromethane extract: ††p < 0.01, †††p < 0.001.

Table 2 Antioxidant activity of the methanol, dichloromethane, and ethyl acetate extracts of S. litwinowii in DPPH assay.

Sample IC50
a AIb in different concentrations

32c 16 8 4 2 1 0.5

Vit C 0.2 96.80± 0.04 96.73± 0.05 96.71± 0.04 96.64± 0.11 96.58± 0.04 96.54± 0.08 96.45± 0.08

BHT 0.3 95.70± 0.08 95.55± 0.26 94.71± 0.14 94.60± 0.12 92.94± 0.23 84.50± 0.36 61.74± 0.12

Methanol 3.0 89.27± 0.03 92.29± 0.10 81.56± 0.11 50.24± 0.19 25.06± 0.02 13.34± 0.02 6.76± 0.07
extract ***‡‡‡ ***‡‡‡ ***‡‡‡ ***‡‡‡ ***‡‡‡ ***‡‡‡ ***‡‡‡

Dichlorom. 16.7 55.24± 0.10 31.09± 0.19 16.40± 0.23 11.56± 0.20 7.41± 0.21 4.51± 0.36 2.54± 0.14
extract ***‡‡‡§§§ ***‡‡‡§§§ ***‡‡‡§§§ ***‡‡‡§§§ ***‡‡‡§§§ ***‡‡‡§§§ ***‡‡‡§§§

Ethyl ace- 4.7 60.24± 0.12 43.44± 0.17 25.28± 0.11 12.04± 0.12 5.36± 0.12 2.90± 0.08 1.32± 0.13
tate extract ***‡‡‡§§§††† ***‡‡‡§§§††† ***‡‡‡§§§††† ***‡‡‡§§§†† ***‡‡‡§§§††† ***‡‡‡§§§††† ***‡‡‡§§§†††

a Concentration (g/l) of S. litwinowii extract for a 50% inhibition.
b Antioxidant effectiveness expressed as antioxidant index (%).
c Concentrations (mg/ml).

Comparison with vitamin C: ***p < 0.001; Comparison with BHT: ‡‡‡p < 0.001; Comparison with methanol extract:
§§§p < 0.001; Comparison with dichloromethane extract: ††p < 0.01, †††p < 0.001.

very high, respectively39. Table 2 shows the 50%
inhibitory concentration (IC50 value) of the samples
and standards in the radical scavenging assay.

Although phytochemical reports of S. litwinowii
extracts are scant, much has been performed on other
Scutellaria species, in particular S. baicalensis. The
most famous active ingredients of this genus are three
flavonoids: baicalin, baicalein, and wogonin. These
flavonoids appear to play an important role in the bi-
ological activities observed from Scutellaria species.
For instance, there have been several reports on the
free radical (including hydroxyl and DPPH) scaveng-
ing activity and inhibition of lipid peroxidation by
these compounds40–43. In addition, these flavonoids
possess anti-bacterial44, antifungal45, 46, and anti-viral
properties47–49.

The difference in the antioxidant activity of ex-
tracts may be attributed to the difference in the total
phenolic and flavonoid content as well as the com-
position of these bioactive phytochemicals10. Since
the specificity and sensitivity of tests are different,
using the same amounts of compounds for each test
is very difficult. However, performing the test on
multiple concentrations could be helpful to obtain a
more complete picture of the antioxidant activity of
S. litwinowii extracts33. It is hypothesized that the
antioxidant power depends on the applied method,
sample concentration, and the nature and physiochem-
ical properties of studied antioxidant50.
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Table 3 Minimum inhibitory concentrations (MIC, mg/ml)
of the extracts of S. litwinowii.

Extract Microorganism

C. albi- P. aerugi- E. coli B. cereus S. aureus
cans nosa

Methanol 100 50 25 25 6.25

Dichloro-
methane

100 50 50 25 12.5

Ethyl
acetate

100 12.5 50 12.5 6.25

Antimicrobial activity

To our knowledge, this is the first report on the
antimicrobial activity of S. litwinowii. Experimental
studies carried out in species of Scutellaria have
identified phenols and flavonoids as phytochemicals
with antimicrobial properties14.

Tetrazolium salts are frequently used to indi-
cate biological activity. These colourless salts act
as electron acceptors and are reduced to colourful
compounds (formazan dyes) by biologically active
organisms. For instance, bacterial suspension turns
into red or blue within 10–60 min where bacterial
growth occurs36.

In the present study, MICs and MCCs of
S. litwinowii extracts were evaluated (Table 3 and
Table 4). The growth of microbial strains was in-
hibited by extracts. The MICs varied from 6.25 to
100 mg/ml, depending on the susceptibility of the
test microorganism (Table 3). As for gentamicin,
observed MICs were 0.03, 0.3, 5, and 1.25 µg/ml
against S. aureus, B. cereus, E. coli, and P. aeruginosa,
respectively. Inhibition of C. albicans growth was
also confirmed by the single tested concentration of
ketoconazole (5 µg/ml). The results indicated that
among the three extracts, methanolic and ethyl acetate
extracts have greater antimicrobial activity against the
tested microorganisms compared to dichloromethane
extract. However, it should be noticed that testing
multiple microorganisms is required for an accurate
comparison among antimicrobial properties of differ-
ent S. litwinowii extracts. Table 3 indicates obtained
MIC values of the tested extracts.

According to the present results, Gram-positive
bacteria were more sensitive to the extracts than
Gram-negative bacteria and yeast. This is almost
in line with a previous report on the antimicro-
bial activity of S. barbata essential oil18. In re-
gard to S. baicalensis, 10% aqueous extract of the
plant was reported to possess antimycotic properties
against pathological phyla of Aspergillus fumigatus,
C. albicans, Geotrichum candidum, and Rhodotorula

Table 4 Minimum bactericidal concentrations (MCC,
mg/ml) of the extracts of S. litwinowii.

Extract Microorganism

C. albi- P. aerugi- E. coli B. cereus S. aureus
cans nosa

Methanol > 100 100 50 50 6.25

Dichloro-
methane

> 100 100 50 50 12.5

Ethyl
acetate

> 100 25 50 25 12.5

rubra. Besides, the mentioned extract had the highest
activity against C. albicans among 56 widely used
dried Chinese medical plants51. In another investi-
gation, ethanol extract of S. baicalensis was found
to be capable of improving the in vitro antimicro-
bial activity of four antibiotics (penicillin G, gentam-
icin, ciprofloxacin, ceftriaxone) against methicillin-
resistant Staphylococcus aureus52.

To conclude, the findings of the present study
provided evidence with respect to the antioxidant and
antimicrobial properties of S. litwinowii extracts. Al-
though antioxidant activities of the mentioned extracts
were lower than standard reference compounds, this
needs to be fully clarified by further assay meth-
ods and using additional concentrations of extracts.
Further phytochemical studies are also warranted to
isolate and characterize active ingredients that are
responsible for the antimicrobial and antioxidant ac-
tivities, and to explore the existence of synergism, if
any, among the compounds.
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