Open Access Journal of Microbiology & Biotechnology

MEDWIN PUBLISHERS ISSN: 2576-777

Committed to Create Value for Researchers

Antibacterial Activity of Ethanolic Extracts of Inflore-
Infructescence and Leaf of Petiveria alliacea L. (Phytolaccaceae)

1

Arogbodo JO'*, Adekolurejo 007, Olowe BM? and Adebayo IA!

R h Articl
Department of Animal Production and Health, School of Agriculture and Agricultural esearch Article

Volume 8 Issue 1

Technology, Federal University of Technology, Nigeria

. . . . . . . . . Received Date: January 02, 2023
?Department of Biological Sciences, Bamidele Olumilua University of Education, Science and l Y

i X Published Date: January 25, 2023
Technology, Nigeria ] y

DOI: 10.23880/0ajmb-16000250

*Corresponding author: Joseph Olowo Arogbodo, Department of Animal Production and

Health, School of Agriculture and Agricultural Technology, Federal University of Technology, PM.B. 704, Akure, Nigeria, Tel:

+2348055528920; Email: arogbodojo@futa.edu.ng

Abstract

Petiveria alliacea (Linneaus) is a perennial medicinal plant with record of relevance in folkloric and modern medicine. Its
root, stem-bark, and the leaves have been focused upon in many researches. However, little has been documented about
the antibacterial effect of the inflore-infructescence part of the plant compared to the leaf which is mostly used. An in vitro
antibacterial potential of the leaf and the inflore-infructescence was comparatively assessed by the agar-well diffusion method
on eight bacterial isolates namely; Escherichia coli (ECO), Bacillus cereus (BAC), klebsiella aerogens (KLE), Proteus vulgaris
(PRO), Staphylococcus aureus (STA), Pseudomonas aeruginosa (PSD), Salmonella typhi (TYP), and Moraxella catarrhalis (MOR).
The results showed that the pattern of antibacterial activity of the leaf extract was; BAC > TYP > ECO > KLE (26.67+1.15%,
22.67+2.31°, 20.67+1.15¢, and 13.33+1.15%) while PSD, STA, PRO, and MOR were resistant. The inflore-infructescence
presented the order; BAC > MOR > ECO > TYP > KLE (31.33 # 1.15a, 26.67 * 1.15b, 25.33 + 0.58b, 23.33 + 1.15c, and 21.33 +
1.15d). PSD, STA and PRO were resistant to both extracts. Inhibition zones from the test isolates were significantly higher in
the inflore-infructescence assay than the leaf while the Minimum Inhibition Concentrations (MICs) were lower in the inflore-
infructescence assay (0.049 mg/mL - 1.563 mg/mL) than the leaf (0.049 mg/mL - 6.25 mg/mL). The extracts and some of the
commercial antibiotics (septrin and amoxicillin) had no inhibitory effect on PSD. ECO was resistant to all the tested antibiotics
but highly sensitive to the test extracts while PRO was highly resistant both to the extracts in this study and all the antibiotics
in the control experiment. It was concluded that ethanolic extracts of the inflore-infructescence of P. alliacea in this study
demonstrated a significant antibacterial activity higher than the leaf while the duo’s activities compared to that of the control
commercial antibiotics.
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Septrin; CN: Gentamycin; AM: Amoxicillin; MDR: Multi Drug
Resistant.

Introduction

Dependence of animals and human beings on plants for
food, shelter, medicine and other essential need of life is an
age-long natural phenomenon. Many plants in the kingdom
plantae contain metabolites (primary and secondary) of
high medical importance to man and animals. Plants with
such potential are commonly referred to as medicinal
plants [1]. The advent of modern medicine in early 1940s
altered significantly the disposition of humans by way
of re-orientation against natural medicine. However, the
consequential aftermath of synthetic drug resistance due
to undue consumption or over prescription of antibiotics
[2,3] both in man and animals has driven scientists back
to nature for herbal medical intervention. This problem
of global antibiotic resistance, a slow-burning pandemic,
has undoubtedly worsened due to the sudden outbreak
of COVID-19 pandemic, as more antibiotics are being
recommended to patients extensively and copiously to
halt secondary bacterial infection inducible by the viral
agent [4]. According to Ara ], et al. [5] plants contain useful
bioactive compounds popularly known as phytochemicals
(polyphenols, glycosides, steroids, tannins, gums, flavonoids,
terpenoids, alkaloids etc.) that can be exploited as raw
materials in therapeutic drugs formulation. It has also
been reported that many of these secondary metabolites
are capable of preventing the occurrence of some diseases
thereby expunging or ameliorating the contraindications of
many modern day synthetic drugs [6]. Extracts and essential
oils from plants have been documented as potent alternatives
to synthetic antibiotic because of their ability to restrict
the growth and preponderance of bacteria [7]. Petiveria
alliacea L. is an herbaceous flowering shrub of the family
Phytolaccaceae, order Caryophyllales, and tribe Rivineae. It
is called by many names viz; Congo root, gully root, Guinea
Hen Weed, mucura, pipi root, skunk root, garlic weed etc.
depending on locality as reported by Kim S [8]. The plant is
believed to have originated from tropical America and later
introduced to India and West Africa [9]. The leaf, root and
the bark have been used in folk medicine for the treatment
of cold, asthma, intestinal worms, headache, sinusitis,
cancer, oedema, abscesses, pains, toothache, rheumatism,
etc. The leaf has been reported useful as insecticide in
Brazil and also for the treatment of central nervous system
(CNS) malfunctions [10,11]. Antifungal, antioxidant, anti-
influenza, anti-tumour, antimicrobial, anti-inflammatory, and
hypoglicemic properties of this plant were equally reported
in literature [12-16]. Despite the avalanche of reported
ethnobotanical and pharmacological utility of the leaf, the
stem/stem-bark, and the root; information regarding the use
or importance of the inflore-infructescence was found to be
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subliminal. It is thus apposite carrying out a comparative in
vitro antibacterial study on this uncommon part of this plant
and its leaf extracts. This may further open up the medicinal
significance of these selected parts of P. alliacea (Linneaus)
to the spotlight.

Materials and Methods

Collection of Plant and Authentication

Petiveria alliacea was sourced, identified (Figure 1la-
1c) and authenticated by an experienced Taxonomist as
already described in a preliminary study on the plant
[17]. The leaves, inflorescence, and inflore-infructescence
were harvested, rinsed in clean tap water and prepared as
described by Bob 1AM, et al. [18]. The inflorescence (Figure
1a) and the infructescence (Figure 1b), were harvested,
combined (Figure 1d) and processed together to form the
‘inflore-infructescence sample’.

Figure 1a: The leaves and the inflorescence.

Figure 1b: The leaves and the infructescence.
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Figure 1c: P, alliacea plant showing a, and b.

Figure 1d: Harvested inflore-infructescence.

Phytochemical Screening of the Plant’s Parts

The qualitative and quantitative phytochemical analyses
were carried out in the preliminary study on Petiveria
alliacea (Linneaus) following standard procedures and
already reported [17].

Extraction Process

Equal quantity (50 g) of each of the samples was cold
macerated in same volume of ethanol (500 mL) as described
by Bimakr M [19]. Filtration was carried out aseptically after
72 hours of soaking using muslin cloth and Laboratory Filter
Paper. The liquid extract was thereafter concentrated under
the influence of controlled artificial air (electric fan) until
dried in the laboratory. Well formed extracts were labelled
and preserved in small plastic containers with firm lids in
the fridge until use.

Test Microorganisms

Escherichia coli, Bacillus cereus, and Klebsiella
aerogens were isolated from drinking water samples and
identified following standard pour plates and bio-chemical
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methods respectively [20,21]. Identified culture of clinical
Staphylococcus aureus, Proteus vulgaris, Pseudomonas
aeruginosa, Salmonella typhi, and Moraxella catarrhalis
were obtained directly on slants from the Microbiological
Laboratory of the State Specialist Hospital, Akure Ondo State
Nigeria.

Standardization of Bacterial Organisms

The sub-culturing of the inocula was done on fresh
nutrient agar prepared according to manufacturer
specification. A loopful of each inoculum was added to 9
mL of distilled water in a test tube, vortexed and turbidity
adjusted to 0.5 Mc Farland standards corresponding to 10°
cfu/mL [22].

Antimicrobial Activity of the Leaf Extracts of P,
alliacea

The ethanolic extracts of P. alliacea was prepared to give
a stock solution of 100 mg/mL from which serial dilutions
were made in order to realize fourteen range concentrations
of 100 mg/mL to 0.12 mg/mL. Antimicrobial activity of the
extract was determined using agar well diffusion technique
in triplicates according to Divya PV, et al. [23]. This involved
the preparation of Mueller-Hinton Agar (MHA) following
the manufacturer’s instruction. Prepared hot agar was
allowed to cool down, poured into sterile petri-plates on
the laboratory bench and allowed to set before being bored
with a sterile 6 mm glass borer. Respective bacterial isolates
were thereafter applied on each of the petri-plates using
sterile swab-stick. A volume of 0.2 mL each of the respective
extract’s concentration was introduced gently into the bored
wells, leaving a well (negative control) in which DMSO
(Dimethyl-sulph oxide 10 %) was added. Other plates were
prepared accordingly for the positive control using anti-
biogram discs impregnated with ciprofloxacin (CPX), septrin
(SXT), gentamycin (CN), and amoxicillin (AM). The plates
were rested for 30 minutes before incubated at 37°C for 24
hours. Halos around the wells and the antibiotic discs were
measured after the incubation and taken as the antibacterial
activity of the extracts.

Minimum Inhibitory Concentration (MIC)

The MIC was determined as described by Nwankwo 1U, et
al. [24,25] with slight modifications. It involved further serial
dilution of the stock solution to 14 concentrations and testing
the activity on the test bacterial isolates in agar well diffusion
technique until no inhibition zone was noticed around the
bored wells after 24 hours incubation as described earlier.
The concentrations that correspond to the least inhibition
zone diameters measured were considered as the minimum
inhibition concentrations.
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Results

Results of the bacterial sensitivity to the extracts of P
alliacea are presented in Tables 1-4 as means + SD (standard
deviation) of triplicate determinations while that of the
minimum inhibition concentrations (MIC) are shown in
Table 5. Obtained inhibition zone diameters’ by the test
isolates due to the extracts were interpreted as resistant (0
mm), low/weak activity (7 - 10 mm), moderate activity (11
- 14mm) and high/strong activity (15 - 21 mm) according

to [26]. Inhibition zone diameter of 22 mm and above was
designated as very strong activity while that of the antibiotic
disc was determined following the protocols of Clinical and
Laboratory Standard Institute [27]. Zones of inhibition were
observed to be increasing following a corresponding increase
in the concentrations of the extracts. The activity of the
indicator organisms was significantly higher in the inflore-
infructescence extract than the leaf extracts (Table 3).

Conc (mg/ Average zone of inhibition diameters (mm)
mL) PSD KLE STA BAC ECO PRO MOR TYP
100 R 21.33+1.15¢ R 31.33£1.15° 25.33+0.58° R 26.67+1.15° 23.33£1.15¢
50 R 19.33+1.15¢ R 29.33+1.15? 24.00+0.00" R 22.67+1.15° 21.33+1.15¢
25 R 17.33+1.15¢ R 25.33+1.15? 18.67+1.15« R 20.67+1.154° 19.33+£1.15%
12.5 R 13.33+1.15¢ R 21.33+1.15° 17.00+0.00° R 18.67+1.15° 15.33£1.15¢
6.25 R 11.33%£1.15¢ R 19.67+0.58° 16.00+0.00° R 14.67+1.15¢ 13.33+1.15¢
3.125 R 11.33+1.15°¢ R 18.00£0.00° 13.33+£0.58° R 10.67£1.15¢ 11.33+1.15¢
1.563 R 11.33+1.15° R 17.00£0.002 12.00+0.00° R 8.67+1.15¢ 4.67+1.15¢
0.782 R 6.67+1.15¢ R 16.00+0.00° 11.00+0.00° R 7.33+0.57¢ 0.00+0.00
0.391 R 0.00+0.00 R 15.00+0.00° 6.00+0.00b R 5.33+0.58¢ 0.00+0.00
0.195 R 0.00+0.00 R 8.67+0.58° 0.00+0.00 R 0.00+0.00 0.00+0.00
0.098 R 0.00+0.00 R 7.00+0.00? 0.00+0.00 R 0.00+0.00 0.00+0.00
0.049 R 0.00+0.00 R 3.33+0.58° 0.00+0.00 R 0.00+0.00 0.00+0.00
0.025 R 0.00+0.00 R 0.00+0.00 0.00+0.00 R 0.00+0.00 0.00+0.00
0.012 R 0.00+0.00 R 0.00+0.00 0.00+0.00 R 0.00+0.00 0.00+0.00
DMSO0 10 % 0 0 0 0 0 0 0 0

Table 1: Antibacterial activity of the ethanol extract of the inflore-infructescence of P. alliacea against the test isolates.
Values are means of triplicate determinations (£ SD) less the well’s diameters. Values with different superscripts along the
same row are significantly different (p < 0.05) from one another. PSD= Pseudomonas aeruginosa, KLE= Klebsiella aerogenes,
STA= Staphylococcus aureus, BAC= Bacillus cereus, ECO= E. coli, PRO= Proteus vulgaris, MOR= Moraxella catarrhalis, TYP=

Salmonella typhi, R= Resistant, DMSO= Di methyl sulph oxide, and SD= Standard deviation.

Average zone of inhibition (mm) diameters
Conc (mg/mL)
PSD KLE STA ECO PRO | MOR TYP

100 R 13.33+1.15¢ R 26.67+1.152 20.67+£1.15¢ R R 22.67+2.31°

50 R 11.33+1.15¢ R 24.67+1.15° 15.33+2.31¢ R R 20.67+2.31°

25 R 6.67+1.15¢ R 23.33+0.58° 14.67+1.15¢ R R 16.67+2.31°
12.5 R 5.33+1.15¢ R 20.67+1.152 10.67+1.15¢ R R 13.33+£1.15°
6.25 R 2.67+0.58¢ R 18.33+0.5782 8.67+1.15¢ R R 11.33+1.15°
3.125 R 0.00£0.00 R 17.00+0.00? 4.67+1.15¢ R R 9.33+1.15°
1.563 R 0.00£0.00 R 16.00+0.007 0.00+0.00 R R 0.00+0.00
0.782 R 0.00£0.00 R 15.00£0.007 0.00£0.00 R R 0.00£0.00
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0.391 R 0.00+0.00 R 14.00+0.00° 0.00+0.00 R R 0.00+0.00
0.195 R 0.00+0.00 R 7.67+0.578° 0.00+0.00 R R 0.00+0.00
0.098 R 0.00+0.00 R 5.33+0.58° 0.00+0.00 R R 0.00£0.00
0.049 R 0.00+0.00 R 2.33+0.58° 0.00+0.00 R R 0.00+0.00
0.025 R 0.00+0.00 R 0.00+0.00 0.00+0.00 R R 0.00+0.00
0.012 R 0.00+0.00 R 0.00+0.00 0.00+0.00 R R 0.00+0.00
DMSO 10 % 0 0 0 0 0 0 0 0

Table 2: Antibacterial activity of the ethanol leaf extract of P, alliacea against the test isolates.

Values are means of triplicate determinations (£ SD) less the well’s diameters. Values with different superscripts along the
same row are significantly different (p < 0.05) from one another. PSD= Pseudomonas aeruginosa, KLE= Klebsiella aerogenes,
STA= Staphylococcus aureus, BAC= Bacillus cereus, ECO= E. coli, PRO= Proteus vulgaris, MOR= Moraxella catarrhalis, TYP=
Salmonella typhi, R= Resistant, DMSO= Dimethylsulphoxide, and SD= Standard deviation.

Average inhibition zone diameters (mm)
Bacterial isolates
Inflore-infructescence Leaf Interpretation Differences
Klebsiella aerogenes (KLE) 21.33 VSA | 13.33 MA 8

Bacillus cereus (BAC) 31.33 VSA | 26.67 VSA 4.66
Escherichia coli (ECO) 25.33 VSA | 20.67 VSA 4.66
Salmonella typhi (TYP) 23.33 VSA | 22.67 VSA 0.66
Moraxella catarrhalis (MOR) 26.67 VSA R NA | e

Table 3: Comparison of inhibition zones (mm) of inflore-infructescence and leaf extracts of P, alliacea to the test isolates.VSA=
Very strong activity, MA= Moderate activity, R = Resistant and NA= No activity

Bacterial isolates’ inhibition zone diameters (mm)
Commercial antibiotics
PSD KLE STA BAC ECO PRO MOR TYP
Ciprofloxacin (10ug) 28 R 30 26 R R 30 36
Septrin (30pg) R R R 12 R R 12 16
Gentamycin (10ug) 12 30 R R R R 12 R
Amoxicillin (30pg) R R R R R R R R

Table 4: Antibacterial sensitivity (positive control) test of commercial antibiotic disc to test isolates.
PSD= Pseudomonas aeruginosa, KLE= Klebsiella aerogenes, STA= Staphylococcus aureus, BAC= Bacillus cereus, ECO= E. coli,
PRO= Proteus vulgaris, MOR= Moraxella catarrhalis, TYP= Salmonella typhi, and R= Resistant.

Plant parts
Bacterial isolates :
Inflore-infructescence (mg/mL) Leaf (mg/mL)
Klebsiella aerogenes (KLE) 0.782 6.25
Bacillus cereus (BAC) 0.049 0.049
Escherichia coli (ECO) 0.391 3.125
Moraxella catarrhalis (MOR) 03917 | e
Salmonella typhi (TYP) 1.563 3.125

Table 5: Minimum inhibitory concentrations (MICs) of ethanol extracts of inflore-infructescence and leaf of P. alliacea.
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Discussion

The ethanolic extract of the inflore-infructescence
(novel study) and the leaf of P, alliacea in this study had
strong antibacterial activity against KLE, BAC, ECO, MOR, and
TYP. which actually agrees with the reports on antibacterial
potential of medicinal plants against bacterial isolates by
Olaseinde, et al. [22]. It was demonstrated in their research
that Staphylococcus spp., E. coli and Klebsiella spp., were
sensitive to ethanolic extract of Chrysophyllum albidum
with inhibition zones ranging from 12 mm - 22 mm. The
resistance of PSD and STA in the present study contradicts
earlier report of Guedes, et al. [28] on the sensitivity of the
two bacteria while the sensitivity of ECO in this study agrees
with the report of this same author. Likewise, the observed
strong activity of the extracts against BAC, KLE, and ECO is
in consonance with similar studies by Kim, et al. [8] and [29]
on the antibacterial potential of the bioactive compounds in
P, alliaceae. The observed three isolates (PSD, STA, and PRO)
among others that were found resistant to ethanolic extract
of P, alliacea in the present study disagrees with earlier work
by Mustapha A [4], who reported their sensitivity to the same
extract, though with different solvent (methanol) which
might have been the factor responsible for such disparity in
results. However, the positive activity of ECO, KLEB species
and TYP still confirm the results from the above author. The
comparison of the sensitivity results of some of the isolates
from the present study with ethanolic extracts from other
reported medicinal plants like Dacryodes edulis, Garcinia
kola, and Chrysophyllum albidum showed ECO, PSD and STY
to be highly sensitive with inhibition zones of 14 mm - 26
mm as reported by Idu, et al. [30] whereas PSD was resistant
to the extracts from the present study). Also, ECO, PSD, STY
of and Kleb spp., were sensitive to ethanolic root extract of
Curculigo orchioides with inhibition zones of 13 mm, 10 mm,
14 mm, and 20 mm respectively while STY, Bacillus spp., ECO,
Salmonella typhi, and PSD were found sensitive to the stem
bark oil of B. buonopozense with recorded inhibition zones
range of 10 mm - 18 mm as reported by Yusuf-Babatunde,
etal [31].

The sensitivity of ECO and Kleb spp as well as the
resistance of PSD observed in the present study is in
agreement with the report of [23] that ECO and Kleb spp.,
showed moderate activities against ethanolic root extract of
Curcuna angustifolia while PSD was highly resistant. PSD and
ECO were reported to have resisted five (augmentin, cefixime,
cefuroxime, ceftazidime, and nitrofurantion) and seven
antibiotics (augmentin, ofloxacin, cefixime, gentamycin,
cefuroxime, ceftazidime, and ciprofloxacin) respectively in a
similar study but the duo were inhibited by various extracts
of Moringa oleifera particularly at the concentration of 100
mg/mL [32]. The bacterium P. aeruginosa was described as
the most resistant among the Gram negative organisms, has
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been recognized as one of the multi drug resistant (MDR)
bacteria and often referred to as multi drug resistant P
aeruginosa [33], Ahmed, et al. [34]. The positive activity of
Bacillus cereus and E. coli witnessed in this study is at par
with the report of Ayodele, et al. [25], who observed similar
findings but at variance following the results from STY and
PSD. Likewise, the sensitivity of ECO and Salmonella typhi
in this study follows the same pattern in similar study by
Gbadamosi IT, et al. [35].

PSD was found to be resistant to septrin and amoxicillin
(Table 4), only sensitive to ciprofloxacin and partially to
gentamycin. KLE was sensitive to gentamycin and resistant
to ciprofloxacin, septrin, and amoxicillin. STA was resistant
to the three commercial antibiotics; septrin, gentamycin, and
amoxicillin, but sensitive to ciprofloxacin. BAC was sensitive
to ciprofloxacin, septrin, and resisted both gentamycin
and amoxicillin. ECO and PRO resisted all the commercial
antibiotics used in this study. MOR was resistant to amoxicillin
and sensitive to three of the antibiotics while TYP was not
inhibited by gentamycin and amoxicillin but ciprofloxacin
and septrin had inhibitory effect on TYP. All the test isolates
(PSD, KLE, STA, BAC, ECO, PRO, MOR, and TYP) in the present
study were resistant to amoxicillin. This observation is in
harmony with similar study by Alfalluos, et al. [36], in which
all the bacterial isolates (Klebsiella, pneumonia, Escherichia
coli, Staphylococcus aureus, and staphylococcus epidermidis)
experimented were also resistant to amoxicillin, which is
a great attestation to the pandemic assault of antibiotic
resistance commonly referred to as multi drug resistance
[37].

Consequently, the broad spectrum antibiotic
ciprofloxacin had no inhibitory effect on kilebsiella spp in
this study as well as that of the authors above. However, the
sensitivity of Staphylococcus aureus to ciprofloxacin agrees
with the report of the above authors. The Minimum inhibition
concentrations (MICs) observed (Table 4) presented lower
values (better) in the inflore-infructescence extract (0.049 -
1.563 mg/mL) than the leaf extract (0.049 - 6.25 mg/mL).
Furthermore, the inhibition zones due to the tested isolates
were significantly higher in the inflore-infructescence
assay than the leaf. These findings indicate a very strong
antibacterial potential of the extracts ofinflore-infructescence
and leaf of P, alliacea. The inflore-infructescence had higher
activity and better minimum inhibition concentration (MIC)
than the leaf extract. These examined parts of P. alliacea are
potential sources from which broad spectrum antibacterial
drug(s) can be formulated against many multi-drug resistant
(MDR) bacteria. The better results obtained from the inflore-
infructescence might be due to phytoconstituents quality
and quantity differential of the various parts of the plant
as observed in our preliminary study on P. alliacea, where
the phytochemicals were found to be more in the inflore-

Copyright© Arogbodo JO, et al.


https://medwinpublishers.com/OAJMB

Open Access Journal of Microbiology & Biotechnology

infructescence than the leaf [17]. Therein, the leaf contained
tannins, saponins, flavonoids, terpenoids, and steroids while
the inflore-infructescence contained tannins, saponins,
flavonoids, terpenoids, steroids, glycosides and alkaloids.
This study engendered a future prospect of procuring bio-
active compounds for the treatment of infections caused by
multi drug resistant bacteria including the sensitive isolates
evaluated.

Conclusion

The ethanolic extract of the inflore-infructescence of P
alliacea in this study demonstrated a significant antibacterial
activity higher than the leaf while the activities of the two
plant parts were comparable to commercial antibiotics
(control). The lower minimum inhibition concentrations
(MICs) obtained from the inflore-infructescence extract
suggests the possibility of exploiting potent antibacterial
drug formulation from this part than the leaf.

Recommendations

Future research should aim at the isolation and
purification of the bio-active components of these extracts,
especially the inflore-infructescence for maximum utilization
as broad spectrum antibacterial drug.
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