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Abstract: For many years chemical preservatives have been used in food, to act as either antimicrobials
or antioxidants or both. In general, consumers regard additive-free foods as safer since preservatives can
cause health hazards like asthma and cancer and are suspected to be mutagenic and neurotoxic. The
present study was carried out to evaluate the antimicrobial and antioxidant activity of methanolic extracts
of some verbena species, with a view to developing safer food preservatives. quantitative estimation of
the total active constituents (phenolic, flavonoid, iridoid and phenylpropanoid glycoside (PPGs) of the
methanol extracts of Verbena tenara, Verbena venosa and Verbena rigda cultivated in Egypt was done
using folin-Ciocalteu reagent, aluminium chloride reagent, Trim-Hill reagent and Arnow reagent
respectively. The  antioxidant effect of the methanol extract was estimated by the stable free radical 1,
1-diphenyl -2- picrylhydrazyl (DPPH) method. The tested extract showed significant antioxidant effect
which upon investigation proven that there is a significant relation between the free radical scavenging
potency and the total phenolic and phenylpropanoid glycoside content of the extract but no relation were
noticed between the lipid peroxidation potency and the individual extract composition. .In the paper we
carried out a systematic record of the relative antioxidant activity in some selected verbena species
extracts. The total phenolic varied from 35.3±3 to 94. 4± 8 µg/g. In the extract. Flavonoid contents were
between 9.55±.0.08, to 17.1±0.04 µg / g /g,phenylethanoids content were between  162 ± 1.87 to212 ±
4.4 µg/g.  while iridoids contents were between 20.62 ± 0.3 to 40.56 ±2 µg / g. DPPH scavenging effect
of the extracts was determined spectrophotometrically. The potency of radical scavenging was observed
in Verbena rigda The potency of radical scavenging was observed in Verbena rigda with IC50 = 0.02
mg/ml-1. The potency of radical scavenging was observed in Verbena rigda extract was greater than
synthetic antioxidant BHT. The potent radical scavenging effect and antimicrobial effect leads to greater
amount of phenolic compounds as shown in Verbena rigda.
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INTRODUCTION

Free radicals contribute to more than one
hundreddisorders in humans including atherosclerosis,
arthritis, ischemia and reperfusion injury of many
tissues, central nervous system injury, gastritis, cancer
and AIDS[1]. Free radicals due to environmental
pollutants, radiation, chemicals, toxins, deep fried and
spicy foods as well as physical stress, cause depletion
of immune system antioxidants, change in gene
expression andinduce abnormal proteins. Oxidation
process is one of the most important routs for
producing free radicals in food, drugs and even living
systems. Catalase and hydroperoxidase enzymes convert
hydrogen peroxide and hydroperoxides to nonradical
forms and function as natural antioxidants in human
body. Due to depletion of immune system natural

antioxidants in different maladies, consuming
antioxidants as free radical scavengers may be
necessary[2]. Currently available synthetic antioxidants
like butylated hydroxy anisole (BHA),  butylated
hydroxy toluene (BHT),tertiary butylated hydroquinon
and gallic acid esters, have been suspected to cause  or
prompt negative health effects. Hence, strong
restrictions have been placed on their application and
there is a trend  to substitute them with naturally
occurring anti- oxidants. Moreover, these synthetic
antioxidants also show low solubility and moderate
antioxidant activity[3]. Recently there has been an
upsurge of interest in the therapeutic potentials of
medicinal plants as antioxidants in reducing such free
radical induced tissue injury. Besides well  known and
traditionally used natural antioxidants from tea, wine,
fruits, vegetables and spices, some natural antioxidant
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(e.g., rosemary and sage) are already exploited
commercially either as antioxidant additives or a
nutritional supplements. Also many other plant species
have been investigated in the search for novel
antioxidants[4,5,6]; but generally there is still a demand to
find more  information concerning the antioxidant
potential of plant species. It has been mentioned the
antioxidant activity of plants might be due to their
phenolic  compounds[1]. Flavonoids are a group of
polyphenolic compounds with known  properties which
include free radical scavenging, inhibition of hydrolytic
and oxidative enzymes and anti -inflammatory action[7].
Some evidence suggests that the biological actions of
these compounds are related to their antioxidant
activity. An easy, rapid and sensitive method for the
antioxidant screening of plant extracts is free radical
cavenging assay using 1,1-dipheny l-2-picryl hydrazyl
(DPPH) stable radical spectrophotometrically. In the
presence of an antioxidant, DPPH radical obtains one
more electron and the absorbance decreases[5]. In
particular, despite widespread use of wild plants as
medicines in Iran, the literature contains few reports of
antioxidant activity and chemical composition of these
plants. In present study, we carried out a systematic
record of the relative free radical scavenging activity in
selected medicinal plant species, which are being used
traditionally: We have also found the relationship of
total flavonoid and phenol contents with antioxidant
activity. In the longer term, plant species (or their
active constituents) identified as having high levels of
antioxidant activity in vitro may be of value  in the
design of further studies to unravel novel treatment
strategies for disorders associated with free radicals 
induced tissue damage.

MATERIALS AND METHODS

Plant Material: Samples of plant used for this study
(Aerial parts of : Verbena regda, Verbena tenara  and
Verbena venosa were collected from the Garden of
Faculty of Agriculture, Al-Azhar Univeristy Nassr city,
Cairo,  Egypt on April 2004 in their flowering stage
and kindly were authenticated by Prof. Dr. hussuin
Alamier ,Ass. Prof. of Horticulture Plant, Faculty of
Agriculture Al-Azhar University Cairo, Egypt. Voucher
specimens are kept in herbarium, Pharmacognosy
Department, Faculty of Pharmacy Al -Azhar University,
Cairo, Egypt. The collected samples were air-dried,
powdered and kept in tightly closed amber colored
glass containers protected from light at low
temperature.

Chemicals: 1,1-Diphenyl-2-picryl hydrazyl (DPPH) and
quercetin were purchased from Sigma Chemical Co.
(St., Louis, USA). Gallic acid, tert-butyl-4-hydroxy

toluene (BHT), Folin Ciocalteu reagent, and methanol
were purchased from Merck Co. (Germany).
Aluminium chloride (E. Merck, Darmstadt, Germany). 
Herbagoside, verbascoside (sigma – Aldrich Quimica
South Madrid Spain).

- Trim and Hill reagent[8].
- Arnow reagent[9,10].
- Silica gel 60 F254 (Merck, Darmstadt, Germany).
- Mobile phase [butanol: acetic acid: water (40: 10:

50)].

Apparatus:
- Soxhlet.   
- Chromatographic glass jars. 
- Spectrophotometer (Perkin – Elmer Lambada 3).
- Rotatory evaporator (BUCHI Rotavapor® R-210/R-

215, Germany).
- 96 MicroWell™ Plates, Conical Wells. Thermo

Fisher Scientific USA.
- Genesys Spectrophotometer (Milton Roy, INC.,

Rochester, NY).

Methods:
Preparation of Extract: Dried and powdered 50g of
Verbena tenara, Verbena venosa and Verbena rigda
were extracted by soxhlet for 48 h with methanol.
After filtration, extracts were concentrated to dryness
under vacuum and washed with n-hexane, until the
chlorophyll is completely removed. The washed
methanol extracts were filtered and used for study.

Determination of Total Phenolic Compounds: The
concentration of total phenolic compounds in the
methanol extract of Verbena tenara, Verbena venosa
a n d  V e r b e n a  r i g d  w e r e  d e t e r m i n e d
spectrophotometrically using the Folin-Ciocalteu reagent
which is a mixture of phosphomolybdate and
phosphotungstate used for the colorimetric assay of
phenolic antioxidants and polyphenol antioxidants,
according to[11]. Standard curve was done using
different concentrations of gallic acid (1: 6 mg) in
methanol. The concentrated extracts of the tested plants
were dissolved each in least volume of methanol then
completed to 10 ml, 100 µl of these extracts were
separately diluted with 8 ml distilled water. To each
sample 0.5 ml of 50 % Folin-Ciocalteu reagent was
added and left 8 min, and then 1.5 ml of 5% sodium
carbonate was added, mixed and allowed to stand for
60 min. protected from light. Their absorbance was
measured using Genesys spectrophotometer (Milton
Roy, INC., Rochester, NY) at 725 nm using methanol
as blank and the concentration of the total phenolic
content of the extract was calculated.
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Determination of Total Flavonoids: Determination of
the total flavonoid content in the methanol extract of
Verbena tenara Verbena venosa and Verbena rigda
were done colorimetrically by using aluminium chloride
solution according to[12]. Standard curve was done using
different concentrations of quercetin in methanol (six
serial 2 fold dilution to give 100 – 3.2 µg /ml). 100 µl
of each extract (previously prepared) were added to a
96 MicroWell plate and then 100 µl of 2% aluminium
chloride solution in methanol. After 10 min, their
absorbance was measured using Genesys
spectrophotometer (Milton Roy, INC., Rochester, NY)
at 415 nm using methanol as blank and the
concentration of total flavonoids was calculated.

Determination of the Total Phenylpropanoid
Glycosides: Determination of the total phenylpropanoid
glycoside content in the methanol extract of Verbena
tenara, Verbena venosa and Verbena rigda were done
colorimetrically by using Arnow's reagent which is a
mixture of 0.5M hydrochloric acid, 10% (w/v) of
sodium nitrite and 10% (w/v) of sodium molybdate
(4:1:4) according to[9,10]. Standard curve was done using
different concentrations of standard verbascoside in
methanol (six serial 2 fold dilution to give 100-3.2µg
/ml). 1ml of the plant extract dissolved in methanol
(400µl/ml) was added to 2 ml of Arnow reagent and 2
ml of 2 molar sodium hydroxide solutions and then the
solution was adjusted to 10 ml with distilled water.
The production of purple colour indicates the presence
of phenylpropanoid glycosides, after 10 min. the
absorbance was measured using Genesys
spectrophotometer (Milton Roy, INC., Rochester, NY)
at 525nm using methanol as blank. The concentration
of the total phenylpropanoid glycosides in the extract
was calculated. Sulphate and hydrochloric acid 
(10:1:0.5) according to[8]. Standard curve was done
using different concentrations of standard herbagoside
in methanol (six serial 2 fold dilution to give 120-220
µg/ml). 1ml of the plant extract dissolved in methanol
(400µl/ml) was mixed with 4 ml of to Trim and Hill
reagent, and then heated at 110oC for 5 min, the
production of blue colour indicates the presence of
iridoids, and then the absorbance was measured using
Genesys spectrophotometer (Milton Roy, INC.,
Rochester, NY) at 609 nm using methanol as blank.
The concentration of the total iridoid content of the
extract was calculated. 

Determination of the Total Iridoids: Determination of
the total iridoid content  of the methanol extract of
Verbena tenara, Verbena venosa and Verbena rigda
were done colorimetrically using Trim and Hill reagent
which is a mixture of acetic acid, 0.2% cupper

Determination of Antioxidant Effect: Determination
of the antioxidant activity of the tested extract was
done according to the stable DPPH radical technique
both qualitatively using thin layer chromatography
(TLC) and quantitatively using spectrophotometric
methods and according to the inhibition of
ferric/ascorbate induced lipid peroxidation on bovine
brain liposomes method.

a. The DPPH Radical Scavenging Method:
- TLC Assay : This assay was performed according to
Cavin et al.[13] where 20µl aliquot of the tested extract
was spotted on silica gel plates and developed using
butanol : acetic acid : water (40:10: 50) as a mobile
phase. After development, the dried TLC plates were
sprayed with 0.2% DPPH solution in methanol and
examined after 30 min. Active antioxidants compounds
appeared as yellow spots against purple background.  

- Spectrophotometric Assay: This assay was carried
out according to Gialvez et al.[14] where the test was
carried out on 96 MicroWell plate. Standard curve was
done using different concentrations of butylated
hydroxytoluene in methanol (7 serial 2 fold dilutions to
give final range of 100 to 5 µm).  50 µl of a 0.022%
DPPH solution in methanol was added to a range
solution of different concentrations (7 serial -3 fold
solutions to give final range of 1000 to 1.3 µg /ml) of
the extract and (7 serial 2 fold dilutions to give final
range of 100 to 5 µm) of compound to be tested in
methanol (230 µl) and their absorbance was measured
using Perkin-Elmer Lambada 3 spectro-photometer at
515 nm after 30 min.
   The same previous procedure was repeated replacing
the extract with gallic acid, quercetin, verbascoside and
herbagoside for comparative purposes. 

Antimicrobial Assay:
Preparation of Plant Extracts: Plant extracts were
filtered through a series of sterile, ethanol resistant
cellulose acetate filters (0.2 μm, Advantec, Toyo Rashi
Kaisha Ltd, Japan). The sterilized extract was stored in
pre sterilized glass vials at -80°C until use.

Testing for Antimicrobial Activity: The disc agar
diffusion method[15] was used for testing  antimicrobial
activity  of the ethanol extracts against certain Gram –
positive, Gram negative bacteria and fungi. Pure strains
of bacteria (Staphylococcus aureus ATCC 6538,
Staphylococcus aureus, Staphylococcus epidermidis and
Streptococcus pyogens. E. coli, ATCC 25922 Klebsiella
pneumonia, Proteus vulgaris, pseudomonas aeruginosa
ATCC 27853and Shigella boidy as well as Candida
albicans, Candida glabrata, Candida krusei and Candida
parapsilosis. All micro-organisms were kindly supplied
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the Microbiology Department, Faculty of Pharmacy, Al-
Azhar University, Nasr City, Cairo, Egypt. Volatile oil
was dissolved in Diethyl ether 0.1% and impregnated
on 4 mm discs of filter paper (Whatmann No. 3),
which were placed on the surface of nutrient agar
seeded with tested microorganisms. The plates were
incubated at 37oC for 24 hours and at 25oC for 72
hours to investigate the antibacterial (positive control,
gentamicin 5µg/disc) and antifungal (positive control,
nystatin 4 µg / disc) activities respectively. 

Statistical Analysis: All experiments were conducted
in triplicate (n = 3) and one-way ANOVA (using SPSS
11.5 statistical software) was used to compare the mean
values of each treatment. Significant differences
between the means of parameters were determined by
using the Duncan test (P < 0.05).

RESULTS AND DISCUSSION

Antioxidant activity: IN TLC- DPPH assay with
MeOH extract of V tenara, V venosa and V rigda. 
Some active compounds were detected as DPPH
scavengers as zones with differ Rf values. These results
directed the investigation in one way:  Study of the
antioxidant activity of the extract in one assay, DPPH
scavenging inhibition expressed through calculation of
their IC50 value and the other being the analysis of
their chemical composition. A comparison of these two
sets of results would enable some composition –
activity relationship to be deduced.  Free radicals are
involved in much disorder like neurodegenerative
diseases, cancer and AIDS. Anti oxidants through their
scavenging power are useful for the management of
those diseases. DPPH stable free radical method is an
easy, rapid and sensitive way to survey the antioxidant
activity of a specific compounds or plant extracts[12].
Table (3) shows the amount of each extract needed for
50% inhibition (IC50). IC50 of the standard compounds,
BHT and quercitin were 0.054 and 0.01mg ml-1

respectively. The highest radical scavenging activity
was showed by Verbena supine L. with   IC50 0.02
which is higher than that of BHT (R < 0.05). The
radical scavenging activity in the plant extracts
decreased in the following order V. rigda L.> V.
tenara, > V. venosa. Most of the plant extracts at
different concentration exhibited more than 70%
scavenging activity (Table 2). The radical scavenging
effect of Verbena rigda at 0.1 mg ml-1 was similar to
BHT at 0.4 mg ml-1. Therefore, the antioxidant effect
of V. rigda was 4 times than that of the synthetic
antioxidant, BHT.

Flavonoid and Phenol Content of the Extracts: It has
been recognized that flavonoids show antioxidant

activity and their effects on human nutrition and health
are considerable. The mechanisms of action of
flavonoids are through scavenging or chelating
process[2] phenolic compounds are class of antioxidant
agents which act as free radical terminators[13,14]. The
flavonoid contents of the extracts in terms of quercetin
equivalent (the stander curve equation: y =  0.0067x + 
0.0132 r2 = 0.999) were between 17.1 to 9.55  (Table
1). The flavonoid content in the extract of Verbena
tenara (17.1 ± 0.04) and V. rigda (12 ± 0.03) were
higher than that in V. venosa (9.55± 0.08). Table (1)
also shows the contents of total phenols that were
measured by Folin Ciocalteu reagent in terms of gallic
acid equivalent (the stander curve equation: y = 0.05 x
+ 0.0545, r2 = 0.9873). The total phenol varied from
49.4 ± 0.8 to 35 ± 0.3 in the extract powder. V. rigda
with total phenol contents of 49.4 ± 0.8 had the
highest amount among the plants in this study. The
compounds such as flavonoids, which contain hydroxls
are responsible for radical scavenging effect in the
plants[16]. According to our study the contents of these
phytochmicals in Melilotus sulcata can explain its high
radical scavenging activity.

Phenylpropanoid glycosides are polyphenolic
compounds those have potential beneficial effects on
human health; they have been reported to exhibit
antimutagenic, gastro and hepatoprotective,
antibacterial, anti-inflammatory, antiplatlet, antitumor
and antioxidant activities[17,18,19,20,21,22,23]. Their capacity
as antioxidants is dependent on the positions of
hydroxyl groups while thier mechanism is through free
radical scavenging or chelating process[14]. The
quantitative colorimetric estimation of the total
phenylpropanoid glycosides (PPGs) content of the
methanol extract of Verbena tenara, V. venosa and V.
rigda using Arnows reagent and verbascoside as
standard where each set of calibration standards
absorbance (AU) versus concentration, was fitted to a
least squares linear plot. All plots were found to be
linear across the assayed range (212 ± 4.4 - 162 ±
1.87µg /ml, R2 = 0.9964). The total phenylpropanoid
glycosides (PPGs) content of the methanol extract of V.
supine with total phenol contents of 212 ± 4.4 had the
highest amount among the plants in this study. The
calibration curve was used to calculate the percentage
of tent.

From the result of the present study showed that
the extract of which contain highest amount of
flavonoid and phenolic compounds, exhibited the great
antioxidant activity. The high scavenging  property of
Verbena rigda may be due to hydroxyl groups existing
in the phenolic compounds chemical structure that can
proved the necessary component as a radical scavenger. 
Free radicals are often generated as by products of
biological  reactions  or from exogenous factors. The 
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Table 1: Extract yield, total phenolics compounds (Measured by Folin-Ciocalteu Assay), flavonoids (Measured by ALCl3), phenylethanoids
(PPGs) (Measured by Arnow reagent), and iridoids (Measured by Trim-Hill reagents) of methanol extracts of the studied species
as percentage in Extracts.

Name of plant Extract Yieldg% Total phenolic µ g % Flavonoids  µ g (%) PPGs  µ g % Iridoids µ g % 
Verbena tenara 21.32 43 ± 0.6 17.1±0.04 167± 1.87 34.77± 1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Verbena venosa 19.13 35 ± 0.3 9.55± 0.08 185 ± 3.34 20.62± 0.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Verbena rigda 18.3 49.4 ± 0.8 12.03±0.03 211± 4.4 40.56 ±2
Each value in the table was obtained by calculating the average of three experiments + standard deviation

Table 2: Comparison of DPPH radical scavenging of the plant extracts and those BTH and quercetin.
Plant species Concentration (mg/ml) Scavenging %
Verbena tenara 0.2 89.1 ± 0.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Vebena venosa 0.2 82 ± 0.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Verbena rigda 0.1 98.1 ± 0.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
BHT 0.4 93 ± 0.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Querectin 0.025 95.6 ±0.4
Each value in the table was obtained by calculating the average of three experiments + standard deviation

Table 3. IC50 (mg ml-1) values of plant extracts for free radical scavenging activity by DPPH.
Plant species IC50 (mg ml-1)  
Verbena tenara 0.18
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Verbena venosa 1.34
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Verbena rigda 0.02
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Butyl hydroxyl toluene (BHT) 0.054
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Querectin 0.01

Table 4: Antibacterial action of methanol extracts. (Inhibition zone).of verbena extracts.
No. Microorganism's 1 2 3

Verbena venosaa Verbena rigda Verbena tenarat
-------------------------------------------- ------------------------------------- --------------------------------
0µl 100µl 200µl 0µl 100µl 200µl 0µl 10µl 200µl

1 Micrococcus leutus (ATCC9341) 0 8 13 0 10 12 0 8 10
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 Staphylococcus epidermidis    

(ATCC 12228 ) 0 10 12 0 12 18 0 8 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 Esherichia coli (ATCC 14169 ) 0 10 18 0 8 12 0 6 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 Staphylococcus aureus         

(ATCC 6538) 0 18 24 0 10 24 0 6 10
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 Bacillus subtulis (ATCC 6633) 0 8 15 0 8 20 0 8 20
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 Pseudomonas areuginosa   

(ACCT 9027 ) 0 6 10 0 8 10 0 8 12

involvements of free radicals in the pathogenesis of a
large number of diseases[24]. All of the extracts in this
research exhibited different extent of antioxidant activity.
Verbena rigda extract showed a higher potency than BHT
in scavenging of DPPH free radical. This may be related
to the amount of flavonoids and phenolic compounds in
this plant extract.

Methanol extract of Verbena venosa has best effect
on Esherichia coli, Staphylococcus aureus, Bacillus
subtulis, Aspergillus niger and Candida albican and have
significant effect on Micrococcus leutus, Staphylococcus
epidermidis, Bacillus subtulis and Pseudomonas

areuginosa.  
Methanol extract of Verbena rigda has best effect on

Staphylococcus epidermidis, Staphylococcus aureus,
Bacillus subtulis and significant effect on Micrococcus
leutus, Esherichia coli Bacillus subtulis and Pseudomonas
areuginosa.   

Methanol extract of Verbena tenara has best effect
on Bacillus subtulis, and significant effect on
Staphylococcus epidermidis, Staphylococcus aureus,
Micrococcus leutus, Esherichia col,i Bacillus subtulis and
Pseudomonas areuginosa.
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Fig. 1: Standard curve for gallic acid.

Fig. 2: Standard curve for querectin.

Fig. 3: Standard curve for butylated hydroxy toluene (BHT).
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