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The present study sought to investigate the antimicrobial properties of phenolic containing extracts of
Vernonia amygdalina (Va), Ocimum gratissimum (Og) and Manihot utilissima (Mu). Phenolic compound
was characterized with the aid of a reversed phase HPLC/DAD/MS, and the antimicrobial activities of the
extracts was assessed using agar-well diffusion method against some microorganisms, namely;
Bacillus cereus, Escherichia coli, Salmonella spp, Pseudomonas aeruginosa, Staphylococcus aereus,
Shigella spp, Enterobacter, Clostridium sporogenes, Bacillus subtilis and Proteus vulgaris. Ten, eight
and four phenolic compounds were identified in Va, Og, and Mu respectively. The major phenolic
compounds identified in Va were, Luteolin-7-O-glucoside, luteolin-7-O-glucuronide, luteolin and 1,5
dicaffeoyl quinic acid; nevadensin, vicenin-2, cichoric acid and rosmarinic acid in Og, while the major
polyphenol in Mu were rutin and Kaempferol 3- O-rutinoside. The antimicrobial investigation showed
that M. utilissima is active against only B. cereus of the entire tested organism. V. amygdalina is active
against B. cereus, S. aereus and Shigella spp, while O. gratissimum is active against B. cereus, S.
aereus and Shigella spp. The results obtained in the present investigation showed that the use of the
vegetable materials as nutraceuticals may reduce the risk of microbial infections, which may partly be
due to their phenolic composition.

Key words: Antimicrobial activity, phenolic compounds, Ocimum gratissimum, Manihot utilissimam, Vernonia
amygdalina.

INTRODUCTION

Despite the wide availability of clinically useful
antimicrobial  drugs, several arguments (limited
antimicrobial spectrum and emergence of previously
uncommon infections) stimulate the development of new
plant molecules with antibacterial activity. This has led to
a rapidly growing interest in the investigation of the
natural products from plant food for the discovery of new
antimicrobial and antioxidant agents as well as an
alternative route for the substitution of synthetic
chemicals, side effects of which are always in question
(Bisignano et al., 1999; Turkoglu et al., 2006).

*Corresponding author. E-mail: sosalawu@yahoo.com. Tel:
+27717523840. +2348137886171.

The emergence of human pathogenic microorganisms that
are resistant to major classes of antibiotics have increased
in recent years, due to the indiscriminate use of antimicrobial
drugs (Karaman et al.,, 2003; Paterson, 2006). This has
caused many clinical problems in the treatment of infectious
diseases and the antibiotics commonly used are sometimes
associated with adverse effects on the host, which include
hypersensitivity, allergic reaction and immuno-suppression
(Mukherjee et al., 2002; Spellberg et al., 2004). Therefore,
research for development of new antimicrobial agents is an
urgent need.

Flavonoids and phenolic acids as dietary compounds
are widely known as antioxidants that inhibit the oxidation
of low-density lipoproteins and reduce thrombotic ten-
dencies (Hertog et al., 1993; Tusda et al., 1999). Though



attention has been paid to their antimicrobial activity, no
dramatic evidence of their effectiveness has been
reported (Mori et al., 1978; Nishino et al., 1987; Barnabas
and Nargarajan, 1988; Tsuchiya et al., 1996) Ocimum
gratissimum (Labiatae) is widely distributed in tropical
and warm temperate regions. The plant is com-monly
used in folk medicine to treat different diseases such as
upper respiratory tract infections, diarrhoea, headache,
ophthalmic, skin diseases, pneumonia, cough, fever and
conjunctivitis (Onajob, 1986; Adebolu and Salau, 2005).
In Nigeria, the plant is used as a spice in addition to its
medicinal potential. However, as a green leafy vegetable
it supplies to man essential nutrient such as minerals,
vitamins and certain hormone precursors, in addition to
protein and energy.

Vernonia amygdalina (Compositae) on the other hand
is a small tree between 1 and 3 m in height, which grows
throughout tropical Africa. Leaves of this plant are used in
Nigeria as a green vegetable or as a spice in soup,
especially in the popular bitter-leaf soup. The tops of this
plant are also used in folk medicine as antimicrobial and
antimalaria (Akinpelu, 1999; Abos and Raseroka, 2003;
Okigbo and Emeka, 2008). Usually decoctions are
prepared with local alcohol. In Tanzania, some wild
chimpanzees were observed to use this plant for the
treatment of parasite-related diseases.

There has not been any reported information on the
antimicrobial properties of Manihot utilissima. Despite its
non-popularity as a green vegetable in Nigeria, it is
known as a staple food in some parts of Africa, Asia and
Latin America (Joseph et al., 2001). The storage root
crop is a good source of carbohydrate, and the leaves
provide an inexpensive and rich source of protein (Rao
and Hahn, 1984; Castelanos et al., 1993), albeit low in
sulphur- containing amino acids (Cliff et al., 1985; Ngudi
et al., 2003). The edible root and leaves also contain vita-
mins, minerals, dietary fibres and cyanogenic glucosides,
mainly linamarin (Bradbury and Holloway, 1988;
Balagopalan et al., 1988). Report had showed a prophy-
lactic action of cassava as it relates to cancer; the
incidence of bowel cancer is said to be very low in
communities where cassava meal contributes fairly ap-
preciably to its nutritional need (Balagopalan et al., 1988).

The aim of the present work is to evaluate the
antimicrobial activities of the phenolic containing extracts
of some vegetable (O. gratissimum, V. amygdalina and
M. utilissima) against selected microorganism and to
predict the possible relationship between the antibacterial
activities and their phenolic profiles.

MATERIALS AND METHODS
Collection and preparation of materials

All the standards used to confirm the chemical structure of
compounds were purchased from extrasynthese (Geney-France),
with the exception of rutin from Sigma-Aldrich (St. Louis, MO-USA).
The vegetables (O. gratissimum, V. amygdalina and M. utilissima)

were harvested from local farms in Akure, South-Western Nigeria
and voucher specimens were deposited at the Department of
Biochemistry, Federal University of Technology, Akure, Nigeria and
Department of Pharmaceutical Science, University of Florence,
Italy. Fresh sample of about 4 kg was collected and dried in an
oven at 30°C and powdered before storage.

Extraction methods for HPLC/MS/DAD

antimicrobial assay

analysis and

All solvents used were of analytical grade.

Hydro alcoholic extraction for HPLC/DAD/MS analysis

A dried sample (1 g each) was extracted with 40 ml (20 ml x 2) of
ethanol/water 7:3 (v/v) acidified by formic acid (pH 2.5). The
samples were filtered and the clear solution directly analysed by
HPLC/DAD/MS.

Extraction method for antimicrobial assay

Powdered sample (100 g) was extracted with 350 ml each of
ethanol-water (7/3) and filtered through Whatman No. 4 paper. The
organic solvents were evaporated and subsequently freeze dried.
The ethanol-water extract was re-dissolved in distilled water at a
concentration of 50 mg/ml, and analyzed for their antimicrobial
activity.

HPLC/DAD/MS analysis

Analyses were performed using an HP 1100 liquid chromatograph
equipped with HP DAD and 1100 MS detectors. The interface was
an HP 1100 MSD API-electro spray, the MS analyses were carried
out in a negative mode with a fragmentor range between 80 to 150
V.

Method 1: A C12 column, 150 x 4 mm (4 um) Synergi Max
(Phenomenex-Torrance CA) maintained at 30°C and equipped with
a 10 x 4 mm pre-column of the same phase was used; flow rate

was 0.4 ml min™t. The eluents were H20 acidified to pH 3.2 with
formic acid (A) and acetonitrile (B). The following linear solvent
gradient was applied: from 95 to 85% A in 5 min, to 75% A in 8 min
and a plateau of 10 min, to 55% A in 12 min and a plateau of 5 min,
to 90% B in 3 min, and finally a plateau of 2 min to wash the
column. The total time of analysis was 45 min.

Method 2: A different column was used for the analysis of the O.
gratissimum samples. The column was a Polaris-ether (Varian) 250
X 4.6 mm, 5 pm; the eluents were H2 O acidified to pH 3.2 with
formic acid (A) and acetonitrile (B); the flow rate was 0.8 ml min'l,
oven temperature 30°C. The following linear solvent elution method
was applied: from 92 to 80% A in 10 min, to 75% A in 18 min, to
55% A in 12 min, to 95% B in 3 min, and finally a plateau of 6 min to
wash the column. The total time of analysis was 44 min.

Microorganisms and culture conditions

The bacterial strains used were Bacillus cereus NCIB 6349, Bacillus
subtilis NCIB 3610, Clostridium sporogens NCIB 532, Escherichia
coli NCIB 80, Proteus vulgaris NCIB 67, Pseudomonas aeruginosa
NCIB 950, Staphylococcus aureus NCIB 8558, Shigella sonnei,
Salmonella typhi, and Enterobacter aerogenes. All bacteria were
obtained from Obafemi Awolowo University, lle- Ife, Nigeria and
were cultured aerobically at 37°C in nutrient agar medium. Before
experimental use, cultures from solid medium were sub- cultivated



Table 1. Percentage yields of ethanol/water (7/3) extracts of some tropical vegetables.

Sample

Yield (% dry weight basis)

V. amygdalina
O. gratissimum
M. utilissima

14.55
11.00
13.45

Table 2. Identified phenolic compounds in the vegetable extracts (mg/g dried weight).

Peak no. V. amygdalina O. gratissimum M. utilissima
1 Caffeoyl quinic acid Vicenin-2 Rutin
2 Chlorogenic acid Caffeic acid Kaempferol 4’-rutinoside
3 Luteolin 7-O-glucoside Rutin Kaempferol 3-O-rutinoside
4 Luteolin 7-O-glucuronide Kaempferol 4’ O-rutinoside Amentoflavone
5 1,5 dicaffeoyl quinic acid Rosmarinic acid -
6 Dicaffeoyl quinic acid Cichoric acid -
7 Dicaffeoyl quinic acid Cirsimariti -
8 Apigenin-O-glucuronide Nevadensin -

9 Luteolin -
10-12 Unidentified flavonoids -

in liquid media, incubated for 24 h and used as the source of
inoculums for each experiment.

Antimicrobial activity

Antimicrobial activity was measured using agar-well diffusion
method. Exactly 0.1 ml of each culture of bacteria was introduced
into a sterile Petri dish. Sterile nutrient agar which has cooled to
45°C was poured on it and allowed to set. Three wells were borne
on the set medium and suitably spaced apart. The wells were
respectively filled with different concentrations (50, 25 and 12.5
mg/ml) of the extracts. The plates were incubated in an incubator at
37°C for 24 h. The results were recorded by measuring the zones of
growth inhibition surrounding the wells. These clear inhibition zones
around the wells indicate the presence of antimicrobial activity. All
data on antimicrobial activity are the average of triplicate analyses.
Sterile distilled water in the wells was used as control.

RESULTS AND DISCUSSION

The increasing resistance to antibiotic represents the
main factor justifying the need to find and/or develop new
antimicrobial agents. Thus, some studies have focused
on the antimicrobial agents and on the antimicrobial
properties of plant-derived active principles, which have
been used for a long time in traditional medicine to
overcome infections (Cowan, 1999). Thus, plant foods
would be useful as medicine, in addition to the nutritional
potentials.

The vyield (percentage dry weight basis) of the
vegetable extracts (V. amygdalina, M. utilissima and O.
gratissimum) used for the present investigation was as
presented on Table 1. The highest yield was obtained for
V. amygdalina while the least was recorded for

O. gratissimum. Identification of phenolic compounds in
the extract (ethanol/water: 7/3) using HPLC/MS/DAD
revealed the presence of eight, ten and four phenolic
compounds respectively: O. gratissimum: vicenin-2,
caffeic acid, rutin, kaempferol 4’ O-rutinoside, rosmarinic
acid, cichoric acid, cirsimaritin and nevadensin; V.
amygdalina; Caffeoyl quinic acid, Chlorogenic acid,
luteolin  7-O-glucoside, luteolin 7-O-glucuronide, 1,5
dicaffeoyl quinic acid, Dicaffeoyl quinic acid, Dicaffeoyl
quinic acid, Apigenin-O-glucuronide, Luteolin and some
unidentified flavonoids; Manihot utilissima: rutin,
kaempferol 4’rutinoside, kaempferol 3-O-rutinoside and
amentoflavone (Table 2). The result of the investigation
shows nevadensin, cichoric acid and rosmarinic acid as
the major phenolic compounds in O. gratissimum. On the
contrary, results from a study on the flavonoid
composition of O. gratissimum grown in UK, revealed
rutin and cirsimaritin as the major flavonoids (Grayer et
al., 2000).

The main compounds detected in V. amygdalina were
luteolin, luteolin  7-O-glucoside and luteolin  7-O-
glucuronide, with luteolin-7-O-glucuronide been the most
abundant flavonoid. The phenolic composition of M.
utilissima showed rutin and kaempferol 3-O-rutinoside as
the major phenolic compounds. The identified phenolic
compounds in the three vegetable extract used for the
antimicrobial investigation are almost in agreement with
our previous report (Salawu et al., 2009). The result of
our previous investigation revealed the presence of
luteolin-7-O- rutinoside, luteolin-4-O- rutinoside in V.
amygdalina; ferulic acid in M. utilissima and luteolin- 7-O-
glucuronide, caffeoyl derivative and cirsiliol in O.
gratissimum but were not identified in the present



Table 3. Antimicrobial activity of phenolic containing extracts of some tropical vegetables.

Zones of inhibition (mm)

V. amygdalina O. gratissimum M. utilissima
Microorganism 125 25 50 125 25 50 125 25 50
B. cereus - - 2.9 2.1 3.2 6.9 - 11 4.1
E. coli - - - - - - - - -
Salmonella spp - - - - - - - - -
P. aeruginosa - - - - - - - - -
S. aereus - 2.8 7.1 - 3.9 6.1 - - -
Shigella spp - 1.1 2.2 - 1.1 2.3 - - -
Enterobacter - - - - - - - - -
C. sporogenes - - - - - - - - -
B. subtilis - - - - - - - - -
P. vulgaris - - - - - - - - -

Note: Each value is expressed as mean (n = 3).

investigation (Salawu et al., 2009). Report had shown
that distribution of phenolic compounds in plants depends
on several factors, including variation and the degree of
light exposure. Also, the levels of individual and total
phenolic compounds in food are influenced by genetic
factors such as species, environmental conditions such
as light, ripeness, and post-harvest treatments such as
processing (Bravo, 1998; Duthie et al., 2000; Chu et al.,
2000; Ksouri et al., 2008).

The crude extracts were used for the antimicrobial
activity studies. The HPLC/DAD/MS analysis of the
vegetable materials allowed us to identify the individual
phenolic compounds present in the studied vegetable
materials that could participate in the antimicrobial action
of the extracts. However, we decided to use the crude
extracts for the antimicrobial capacity of the phenolic
compounds in the studied vegetables for several reasons.
First, the antimicrobial capacity of phenolic compounds is
well- known (Pereira et al., 2006; Prestos et al., 2005;
Rauha et al., 2000; Zhu and Zhang, 2004; Puupponen-
Pimia et al., 2001; Pereira et al., 2007). They act by
causing the leakage of cytoplasmic constituents such as
protein, glutamate or potassium and phosphate from
bacteria, which may be due to disruption of cell
peptidoglycan or damage of the cell membrane. Also,
extracts may be more beneficial than isolated
constituents, since a bioactive individual component can
change its properties in the presence of other compounds
present in an extract (Barnabas and Nagarajan, 1988).
Report had shown that additive and synergistic effects of
phytochemicals in fruits and vegetables are responsible
for their potent bioactive properties and the benefit of a
diet rich in fruits and vegetables is attributed to the
complex mixture of phytochemicals present in whole
foods (Liu, 2003; Haidari et al., 2009).

The crude extracts were screened
antimicrobial activities against B. cereus, E. coli,

for their

Salmonella spp, Pseudomonas aeruginosa, S. aereus,
Shigella spp, Enterobacter, C. sporogenes, B. subtilis, P.
vulgaris. The choice of these microorganisms was made
due to the fact that some of them are causative agents of
intestinal infection in human. The zone of inhibition (mm)
of the extract and on the selected microorganism is as
shown on Table 3, while Table 4 shows the zones of
inhibition of some main polyphenols identified in the
vegetal matter against the microorganism that are
inhibited by the extracts. M. utilissima was active against
only B. cereus out of the entire tested microorganism. V.
amygdalina was active against the growth of B. cereus,
S. aereus and Shigella spp while O. gratissimum was
active against B. cereus, S. aureus and Shigella spp. The
result of the zone of inhibition obtained in the three
vegetable extracts indicates a higher inhibition at a
concentration of 50 mg/ml. This is in agreement with
previous report (Bradbury and Holloway, 1988; Furneri et
al., 2002) that the mode of action of phenolic compounds
is concentration dependent.

Rutin, being a minor phenolic compound in O.
gratissimum and a major phenolic compound in M.
utilissima might have contributed significantly to the
antimicrobial properties of the two vegetable materials.
The antimicrobial activity of quercetin was reported has
been reported by Paolillo et al. (2011), also, report from
Cowan (1999) showed that quercetin (a derivative of
rutin) is one of the antimicrobial active principles of oak
plant (Quercus rubra). Rutin (quercetin-3-beta-D-
rutinoside) is also an important therapeutic substance
that favorably influences the increase of blood vessel
elasticity and the treatment of circulatory disorders and
atherosclerosis, reduces blood pressure and stimulates
vitamin C utilization. According to Quarenghi et al. (2000),
kaempferol might have also contributed to the
antimicrobial activity of M. utilissima. He concluded that
the presence of quercetagetin, patuletin, kaempferol and



Table 4. Antimicrobial activity of the main phenolic compounds identified in the leafy vegetables.

Zones of inhibition (mm)

Phenolic compound (mg/ml) S. aereus B. cereus Shigella spp
10 - 0.4 -
Luteolin-7-glucoside 25 0.69 0.81 0.52
50 121 1.32 0.82
10 - 0.71 -
Luteolin 25 0.92 11 0.67
50 1.8 2.1 1.89
10 0.52 0.63 -
Rutin 25 0.66 0.89 0.67
50 1.23 1.41 1.22
10 0.71 - -
Caffeic acid 25 1.32 0.62 0.51
50 1.33 0.71 0.67
10 0.42 0.23 0.41
Rosmarinic acid 25 0.72 0.61 0.63
50 1.52 1.31 1.23

Note: Each value is expressed as mean (n = 3).

guercetin glycosides might be related to the observed
antimicrobial activities of Anthemis cotula. Report from
Harsh et al. (2002), revealed the presence of rosmarinic
acid in O. basilicum and also confirm the antimicrobial
activity of rosmarinic acid. It has also been reported that
rosmarinic acid also has antimicrobial properties - killing
bacteria, fungi, viruses and parasites.

Bhanumathi et al. (1999) also reported the antibacterial
and antiviral properties of Nevadensin. Caffeic acid in
Artemisia dracunculus had been shown to exhibit some
antimicrobial properties (Cowan, 1999). Therefore,
cichoric acid, which is a caffeic acid ester would likely
contribute to the antimicrobial properties in O.
gratissimum. It is important to note that additive and
synergistic effects of phytochemicals in fruits and vege-
tables are responsible for their potent bioactive properties
(Liu, 2003; Haidari et al.,, 2009). This, by implication
means that both the minor and the major phenolic
compounds would have contributed to the antimicrobial
activity exhibited by the studied vegetable materials. The
high content of luteolin aglycone, its glycosides and the
other phenolic compounds identified in V. amygdalina
might have contributed to its antimicro-bial properties of
V. amygdalina. In particular, luteolin has been described
to possess antimicrobial activity against several bacterial
species (Basile et al., 1999; Cottiglia et al., 2000; Sato et
al., 2000; Tshikalange, 2005).

In general the antimicrobial properties of phenolic com-
pounds have been reported. The mechanism of action

involves the alteration of the permeability of the cell
membrane that could result in the uncoupling of oxidative
phosphorylation, inhibition of active transport, and loss of
pool metabolites due to cytoplasmic membrane damage
(Denyer and Hugo, 1991). Also, the presence of hydroxyl
group in phenolic compound might influence their
antimicrobial effectiveness by binding to the active site of
enzymes, form hydrogen bonds with enzymes and alter
their metabolism, and also the lipid solubility and the
degree of steric hindrance of the phenolic compounds
might determine their antimicrobial activity (Beuchat and
Golden, 1989; Ceylan and Fung, 2004).

Conclusion

The results obtained in the present investigation reveals
that the use of these vegetables as nutraceuticals may
reduce the risk of microbial infections, which partly may
be due to the protective action provided by its phenolic
compounds.
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