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Abstract
Introduction: The synthesis of nanoparticles from plant extracts has gained much attention in recent times. This study aimed at screening
a consortium of crude extracts of Vernonia amygdalina and Amaranthus hybridus for antimicrobial activities.
Methods: The activities were compared with nanoparticles synthesized using the extracts. Powdered plant materials were separately
suspended in distilled water and ethanol which were filtered to obtain crude extracts, while plant nanoparticles were synthesized by
coupling with copper oxide (CuO). Crude extracts were screened for the presence of bioactive constituents. Antibacterial assay was
carried out by agar well diffusion, while the poisoned plate technique was used to determine antifungal activity.
Results: Plant extracts revealed the presence of alkaloids, steroids, saponins, and tannins. The aqueous crude extract produced higher
activity than the ethanolic extract with the highest inhibition zone (29) against Bacillus megaterium at a concentration of 40 mg/mL.
Antifungal activity also showed that the aqueous extract was better than the ethanolic one. The aqueous nanoparticle extract was higher
in antimicrobial activities compared to its crude counterpart, exhibiting inhibition zones of 34 mm at 40 mg/mL and 31 mm at 60 mg/mL
for antibacterial and antifungal assays, respectively.
Conclusions: The results of this study indicate that aqueous extracts demonstrated higher antimicrobial activity than ethanolic ones, and
the synthesis of nanoparticles using a consortium of 2 plants has the potential to enhance antimicrobial activity.
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Introduction
The synthesis of complexes usually involves a top-down or
bottom-up approach. In recent times, the attention of natural
product scientists has drifted to the application of alternative
medicines for the treatment and cure of infectious diseases.1
The plant kingdom has been exploited in this regard due to
its production of a diverse array of bioactive phytochemicals.
Vernonia amygdalina, commonly known as bitter leaf, is
a plant that grows up to 3 meters high in Africa, especially
in Nigeria.2 It has various health benefits, and extracts
from it have been reported as very active against amoebic
dysentery and gastrointestinal disorders with antimicrobial
and antiparasitic activities.2 The phytoconstituents of this
plant include saponins, tannins, alkaloids, and glycosides
among others.3 The crude extracts of the leaves, stem bark,
and roots are used as antimalarials and in treating eczema.
Because of its antimalarial property, this plant is referred to
as a quinine substitute.4 Amaranthus hybridus L. (English:
Africa spinach), popularly called “Amaranth or pigweed,”

is an annual herbaceous plant growing 1-6 feet tall. It is a
common species in cultivated fields and waste dump sites. Its
rough and hairy leaves usually measure 3-6 inches long and
have a dull green color. The plant possesses a taproot which
is long and pink. A. hybridus has been shown to contain a
variety of active principles which confer health benefits.5 The
impact of a plant in the synthesis of complexes depends on the
secondary metabolite.6 Several studies have reported the use
of different plant extracts in the synthesis of nanoparticles.
Such complexes often produce better antimicrobial activities
against pathogenic organisms.7 Thus, the current research
aimed to synthesize copper complex using a consortium of V.
amygdalina and A. hybridus and to compare the antimicrobial
activities of the nanoparticles with those of crude aqueous
and ethanolic extracts of the plants.
Methods
Extract Preparation from Plants
The procedure followed by Shekhawat et al8 was adopted for
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this study. The plants were properly washed with distilled
water, dried, and blended into small particles using a mortar
and pestle. The powdered plant materials were suspended in
distilled water and ethanol. The resulting filterate was dried
in a dessicator.
Synthesis of Plant Nanoparticles With Copper Oxide
A solution of copper oxide (CuO) (1 mM) was prepared
and mixed separately with aqueous and ethanolic extracts
of the combination of V. amygdalina and A. hybridus. The
solution was placed in a shaker at room temperature for 4
hours, decanted, and dried for further analysis following the
procedure of Pirtarighat et al.9
Evaluation of Phytochemical Constituents of Plant Extracts
The presence of the following plant constituents was
determined following standard methods: alkaloids, steroids,
tannins, and saponins.10
Test for Alkaloids: Five percent drop of 1 mL plant extract
was mixed with 2 mL of 1% HCl for 15 minutes. The mixture
was allowed to cool, filtered, and 2 drops of picric acid were
added to it. A cream precipitate was observed, indicating the
presence of an alkaloid in the plant extract.
Test for steroids: A few drops of hydrogen tetraoxosulphate
(VI) acid were mixed with 1 mL of the extracts. A clear red
color was observed, indicating steroid in the extract.
Test for tannins: To the ethanolic and aqueous plant extracts,
7 mL of bromine water was added, and the bromine water was
decolorized, indicating the presence of tannins.
Test for saponins: About 10 mL of distilled water was mixed
thoroughly with the aqueous and ethanolic extracts in test
tubes. The frothing was added to a few drops of olive oil; The
appearance of foam indicated the presence of saponin.
Antimicrobial Activity of Plant Extracts and Nanoparticles
Collection and Maintenance of Test Microorganisms
Pure clinical isolates of bacteria (Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus
subtilis, Bacillus megaterium, and Serratia marcescens) and
fungi (Aspergillus niger, Candida albicans, and Penicillium
chrysogenum) were obtained from the culture collection unit
of the Department of Microbiology, University of Ilorin,
Nigeria. They were routinely subcultured in appropriate agars
for the purpose of purity and maintained at 4ºC until further
use.
Antimicrobial Activities
Antibacterial activity was carried out using the agar well
diffusion assay described by Ahmed et al.11 The nutrient agar
plate was inoculated with a 24-hour old inoculum using sterile
swab sticks. Wells measuring 5 mm were bored at the center of
the inoculated plates. Extracts (0.5 mL) were introduced into
the wells, the plates were incubated at 37ºC for 24 hours, and
the zone of inhibition was measured to the nearest millimeter.
This was also done for C. albicans.
The poisoned plate technique was employed for the
antifungal assay as described by Ahmed et al.12 A 24-48-hour
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old agar plate of each test fungus was prepared. Mycelial plugs
from the advancing margins of these plates were cut using a
cork borer and affixed at the center of a solidified sterile potato
dextrose agar plate which had been previously cut open and
its agar plug removed at the center. The plates were incubated
at room temperature for 24-48 hours, and the radial growth
was measured and recorded. Antibacterial and antifungal
assays were done for both crude extracts and nanoparticles.
Results
The screening of aqueous and ethanolic extracts of the plant
combination revealed that both extract types had the four
assayed phytochemicals present as shown in Table 1.
The antibacterial assay of the crude plant extracts
revealed the aqueous extract to possess higher activity than
the ethanolic extract. The highest activity (29 mm) was
demonstrated at a concentration of 40 mg/mL against B.
megaterium, while 11 mm was the highest activity shown by
the ethanolic crude extract in the assay against B. subtilis and
S. marcescens at 40 and 60 mg/mL, respectively. The results
are presented in Table 2.
Table 3 shows the sensitivity pattern of the test fungi to the
crude extracts. It was observed that a similar trend with the
antibacterial assay was obtained. The aqueous crude extract
reduced mycelial growth of the test fungi better than the
ethanolic extract, producing the highest antifungal effect (24
mm) with the aqueous extract at a concentration of 60 mg/
mL, while the ethanolic extract showed the highest activity
(19 mm) at 20 mg/mL.
The results of the antibacterial activity of nanoparticles
synthesized from the combination of the 2 plants indicated
that the aqueous extract was better in activity when compared
with the ethanolic counterpart. The highest activity was
shown to be 34 mm against B. megaterium (Table 4).
Table 5 shows the antifungal activity of the nanoparticles.
According to the results, the aqueous extract exhibited the
highest activity (31 mm), while 30 mm was recorded as the
highest activity for the ethanolic nanoparticles.
Discussion
The phytochemical analyses of crude aqueous and ethanolic
extracts of V. amygdalina and A. hybridus revealed the presence
of alkaloids, steroids, saponins, and tannins. These groups of
compounds may have been responsible for the antimicrobial
activity demonstrated in the present study. According to
previous research, it has been discovered that alcohol is used
for extraction with most medicinal plants so as to obtain a
Table 1. Phytochemical Screening of Consortium of Vernonia amygdalina
and Amaranthus hybridus Plant Extracts

Plant extract

Ethanol

Aqueous

Alkaloid

+

+

Steroid

+

+

Saponin

+

+

Tannin

+

+

Key: + Present.

Comp Antimalarial Activities of a Consortium
Table 2. Antibacterial Activity of Vernonia amygdalina and Amaranthus hybridus Plant Extracts
Plant Extract/Organisms

Aqueous Extract (mg/mL)

Ethanolic Extract (mg/mL)

20

40

60

80

20

40

60

80

Escherichia coli

18

26

28

16

3

7

3

4

Staphylococcus aureus

11

12

15

17

1

4

2

5

Pseudomonas aeruginosa

10

12

11

15

3

2

1

7

Bacillus subtilis

19

17

18

23

9

11

6

5

Bacillus megaterium

23

29

15

10

7

4

9

4

Serratia marcescens

15

12

20

15

9

7

11

5

Table 3. Antifungal Activity of Vernonia amygdalina and Amaranthus hybridus Plant Extract
Plant Extract/Organisms

Aqueous Extract (mg/mL)

Ethanolic Extract (mg/mL)

20

40

60

80

20

40

60

Aspergillus niger

12

10

6

19

11

-

-

80
-

Candida albicans

7

17

24

21

19

13

17

20

Penicillium chrysogenum

15

21

19

8

14

-

22

16

Table 4. Antibacterial Activity of Vernonia amygdalina and Amaranthus hybridus Nanoparticles
Plant Extract/Organisms

Aqueous Extract (mg/mL)

Ethanolic Extract (mg/mL)

20

40

60

80

20

40

60

80

Escherichia coli

23

21

17

11

23

18

13

17

Staphylococcus aureus

15

9

19

16

17

23

19

13

-

6

27

4

10

15

14

22

Bacillus subtilis

14

25

17

22

14

26

18

13

Bacillus megaterium

26

34

23

16

4

19

27

16

Serratia marcescens

7

25

21

11

17

10

6

14

Pseudomonas aeruginosa

Table 5. Antifungal Activity of Vernonia amygdalina and Amaranthus hybridus Nanoparticles
Plant Extract/Organisms

Aqueous Extract (mg/mL)

Ethanolic Extract (mg/mL)

20

40

60

80

20

40

60

80

Aspergillus niger

19

12

14

24

27

16

14

16

Candida albicans

23

2

31

27

13

19

27

18

Penicillium chrysogenum

16

24

15

16

18

14

30

13

pure and effective compound.13 Plant extract contains its
components, such as saponin, alkaloid, etc. From previous
work, it was seen that the antimicrobial activities of some
medicinal plants are being studied globally. It has also been
reported that about 80% of plant extracts are used as herbal
drugs worldwide.14 Mabhiza et al15 studied the antibacterial
properties of alkaloid extracts from Callistemon citrinus and
Vernonia adoensis against S. aureus and P. aeruginosa and
showed the antibacterial activity as well as the inhibition
of ATP-dependent transports of compounds through the
microbial cell membranes. Steroids have been known to
display broad spectrum antibacterial activity. Saponins are
detergent-like substances exhibiting antibacterial activity.
Tannins may work like a siderophore to coordinate iron from
the medium and make iron not available to the organisms.
Table 2 indicates the antibacterial activity of mixed V.
amygdalina and A. hybridus at different concentrations against
the organisms. The aqueous extract of the mixed plants was
observed to be more effective than the ethanolic extract
against the organisms as shown by the zone of inhibition on

the nutrient agar plates. Thus, the activities of the extract
from the present study justifies the local use of the 2 plants
in folkloric medicine. The observed activity demonstrated
by the aqueous extract of the plants may be owing to the
polarity of water. Water is a universal, highly polar solvent
that can solubilize a wide range of polar phytoconstituents,
thus aiding their extraction. This is in line with Ahmed
et al,11 who reported water as an effective solvent for the
extraction of plant secondary metabolites. Antibacterial and
antifungal assays revealed that the crude extracts (aqueous
and ethanolic) of the 2 plants were effective against all the test
isolates except for Aspergillus niger which exhibited resistance
to the ethanolic crude extracts of the plants. In the literature,
it has been established that A. niger possesses a number of
virulent factors which contribute to its pathogenicity. Several
metabolites secreted by A. niger interfere with phagocytosis
and opsonization. Moreover, Aspergillus species can bind
specifically to different host tissue components, while their
toxins give a general and significant immunosuppressive effect
on host defenses.16 These may have been accountable for the
International Journal of Medical Reviews. 2019;6(1):31–34
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resistance demonstrated by A. niger in this study. According
to results from the antifungal assay of the nanoparticles,
there was remarkable sensitivity against A. niger. This could
be attributed to the incorporation of the metal oxides (CuO)
in the complex. In the literature, activity demonstrated by
plant nanoparticles is due to their high surface-to-volume
ratio which makes them highly reactive. This is in line with
Prabhu and Poulose,17 who reported nanoparticles as being
able to adhere to the microbial cell wall and penetrate it,
subsequently disrupting membrane integrity.18 Furthermore,
these complexes possess the ability to pass through the
membranes of microbial cells,19 thereby gaining access to
target cells.
Conclusions
It has been shown that the plant extracts of V. amygdalina and
A. hybridus have been synthesized with CuO nanoparticles
which exhibit antimicrobial properties. The aqueous extracts
were observed to have higher antimicrobial activity than the
ethanolic extracts. The synthesis of the nanoparticles of the 2
plants could enhance the antimicrobial effectiveness.
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