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Abstract

Traditional plant - based compounds are seeking more attention in pharmaceutical aspects to
treat untreatable diseases because they have no side effect, easy recovery in great amount and
a high degree of activity. Spices are extensively used to improve the taste and flavor of food,
acquire a broad range of medicinal properties and some of them are known to be antioxidants.
The antibacterial activity of aqueous seeds extract of Piper nigrum L. was evaluated against
some pathogenic bacteria. The maximum inhibition zone was accounted against Gram negative
bacteria Klebsiella oxytoca (21+ 0.11mm) and minimum inhibition zone was exhibited against
Gram positive bacteria Enterococcus faecalis (7 £ 0.05mm) while has no activity against
Pseudomonas aeruginosa. Moreover, the aqueous seeds extract completely inhibits
Penicillium citrinum growth at 500 pl by using food-poisoning technique and also showed
some activity in controlling the mycelial growth of Aspergillus niger and Aspergillus flavus.
Aqueous seeds extract of Piper nigrum L. was evaluated against Herpes simplex virus (HSV1)
and Coxsackie virus (COXB4) and the results showed that Piper nigrum exert (57.26 and
13.41%) inhibition of plaque of HSV1 and COXB4 respectively. Moreover, the maximum
nontoxic concentration (MNTC) for black pepper aqueous seed extract was 2500 pg/ml. The
extract shows antioxidant activities with 1C50 = 155 pg/ml and total phenolic content of
(194.05 mg GA/g extract). These results suggest that aqueous seeds extract of Piper nigrum
have significant anti-viral, antibacterial, antifungal and antioxidant activity signifying its usage
as accepted antimicrobial representative.
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1. Introduction

For many years, profitable antimicrobial
drugs are used for the management of
transmittable diseases. However, recently;
the random apply of those antibiotics leads
to the increase of many resistances and
undesirable side effects. For that reason,
more natural antimicrobial substances from
plants are desired. An over-sized number of

herbs possess antimicrobial activity [1], [2]
and a few active components of them
became a possible source of new anti-
infective agents [3], [4]. Herbs and spices
are applied widely because of their sensory
characters, distinctive pharmacological
roles, and antimicrobial potency [5], [6].
Piper nigrum L. is a type of famous spice
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owing to its attractive aroma, typical strong
and tingling impression [7]. Many authors
have declared that terpenoids, the major
compounds from black pepper essential oil,
have the potential antibacterial activity [8].
Hydrophobicity is an important feature of
essential oil components which make them
able to panel through the lipid layer of
bacterial cell membrane, disrupting the
cellular structures, causing lyses and
leakage of intracellular components
[9], [10]. Pepper essential oil has a very
important responsibility in the fabrication
of perfumery and confectionery products.
Volatile oils of spice and extracts of
aromatic plant were reported to possess
sturdy antioxidant [11] and antimicrobial
activities [12], [13]. Antiviral and cytotoxic
activities of seed extracts of Piper nigrum
on human cell lines were also reported [14].
Furthermore, P. nigrum is recorded to be
gifted with health benefits and disease-
preventing actions, such as anti-
inflammatory, antiviral, immune and
bioavailability enhancing qualities [15].
Antioxidants conflict free radicals and
oxidants in the body, by this means
enhancing general health. Despite the fact
that many oxidants are caused by
environmental factors viz; pollution,
smoking and others, a quantity of oxidants
have resulted directly from ordinary
reactions inside the body, as aerobic
respiration and inflammation. Doesn't
matter what the cause, the body needs
antioxidants to wipe out these harmful free
radicals. Various plant extracts including
black pepper, afford the body with these
antioxidants to fight free radicals and repair
the damage they cause [16], [17].
Therefore, this study aims to estimate the
antibacterial, antifungal, antioxidant and
antiviral activities of black pepper aqueous
seeds extract.

2. MATERIALS AND METHODS

2.1 Collection of plant material and
carrying out the extraction
method:

This Seeds of black pepper were obtained
from markets, Cairo, Egypt. Twenty-five
grams of black pepper seeds were grinded
using a mortar in order to obtain fine
powdered form. The obtained powdered
sample was hermetically conserved in
polythene bag till the time of the extraction.
Ten grams of powdered Piper nigrum were
added to 100 ml of hot distilled water
intended for 6 hrs. After that, filtration of
the extract was done by Whatman filter
paper No (1) and then was vacuum
evaporated at low pressure in a rotary
evaporator to obtain a dried crude extract.
Stock solutions were made in DMSO to
obtain the required extract concentration
(10 mg/ml) and then stored at refrigerator
for further use.

2.2 Evaluations of antibacterial
activity of black pepper aqueous
seed extract using paper disk
diffusion method:

Bacterial Cultures: Bacillus subtilis,
Enterococcus faecalis, Escherichia coli,
Klebsiella oxytoca, Staphylococcus aureus,
Proteus vulgaris and Pseudomonas
aeruginosa. Bacterial suspension of 24 hrs.
culture of each pathogen was prepared and
inoculated on nutrient agar plates. 20 pul of
black pepper aqueous seed extract
(100pg/ml) were loaded on a sterile disc
measuring 6 mm (Whatman filter paper No.
1), then the disc was placed onto the agar
plates which left to stand for 30min and
finally incubated at 37 °C for 18- 24 hrs.
By ending the incubation period, the
inhibition zones were deliberated and
recorded as mm. Ciprofloxacin (20pg/ml)
and distilled water were used as positive
and negative control respectively.
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2.3 Evaluation of antifungal activity
of black pepper by food-
poisoning technique:

Each The antifungal activity of black
pepper aqueous seed extract against
(Aspergillus flavus, Aspergillus niger,
Fusarium oxisporum, and Penicillium
citrinum) was evaluated by food-poisoning
techniques according to the method
described by [18]. The fungal strains were
multiplied on potato dextrose agar for 7
days at 280C. Petri plates containing PDA
supplemented with black pepper aqueous
extract at three concentrations (100, 250
and 500 pl) were inoculated with 7 days’
culture of selected fungi (5mm diameter
disc). PDA plate devoid of extract is used
as control. Incubation was done at 280C
for 7 days. The toxicity was deliberate in
terms of percentage mycelial inhibition and
the following equation was used for its
calculation:

Percentage mycelial inhibition = [(d
control—0 treatment)/d control] % 100. Incubation
was done at 28°C for 7 days.

2.4 Determination of antiviral
activity of black pepper aqueous
seed extract:

Preparation This experiment was carried
out at Science Way for Scientific Research
and Consultations, Cairo, Egypt. (All
viruses were obtained from Microbiology
Department, Faculty of Medicine Al-Azhar
University (Girls Branch).

2.4.1 Determination  of  samples
cytotoxicity on Vero cell:

Various concentrations of the sample under
investigation were prepared. The medium
used for growth was decanted from 96 well
microtiter plates later than the confluent
sheet of Vero cell was produced; Washing
of the cell monolayer was done twice using
wash media. Double-fold dilutions of the
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tested samples were made in DMEM. 0.1
ml of each one dilution was tested in
different wells leaving 3 wells as control,
receiving only maintenance medium. The
plate was incubated at 370C for 48 hours
and examined regularly. Any physical
signs of cell toxicity like loss of the
monolayer, rounding, shrinkage, or cell
granulation should be detected. About
(5mg/ml in PBS) of MTT solution was
prepared (BIO BASIC CANADA INC).
Each well was filled with 20ul MTT
solution., to the MTT was thoroughly mix
into the media by Shaking at 150rpm for 5
minutes. Incubation was run at (37°C, 5%
COy) for 4 hours. The plate was dried on
paper towels to get rid of remains. The
metabolic  product (Formazan) was
resuspeneded in 200ul DMSO, shaked at
150 rpm for 5 minutes, to allow mixing the
formazan with the solvent. O.D. was
recorded at 560 nm and subtracts
background at 620nm. O.D. must be
directly interrelated with quantity of cell.
The maximum non-toxic concentration
[MNTC] of each extract was also
estimated.

2.4.2 Antiviral assay (MTT Assay
Protocol).

After Ten thousand (10,000) cells were
plate in 200ul media per well in a 96 well
plate. 3 empty wells were serving as blank
controls. Incubation was carried out at
(37°C, 5% CO,) all night to allow attaching
the cells to the wells. Incubation of equal
volume (1:1 v/v) of non-lethal dilution of
tested sample and the viral suspension for
one hour was carried out. 100ul from viral/
sample suspension was added, placed on a
shaking table at 150rpm for 5 minutes then
incubation at (37°C, 5% CO>) for one day
was done to allow the virus to take
effect. 2ml or more of MTT solution per 96
well plate at 5mg/ml in PBS was added and
shaked at 150rpm for 5 minutes, to allow
mixing the MTT with the media and then
incubated for 1-5 hours at (37°C, 5% CO>).
The plate was dried on paper towels to get
rid of remains. The metabolic product
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(Formazan) was resuspeneded in 200ul
DMSO, shaked at 150 rpm for 5 minutes, to
allow mixing the formazan with the
solvent. O.D. was recorded at 560 nm and
subtracts background at 620nm. O.D. must
be directly interrelated with quantity of
cell. The maximum non-toxic
concentration [MNTC] of each extract was
also estimated.

2.5 Determination of antioxidant
activity of black pepper aqueous
seed extract:

The antioxidant activity of black pepper
aqueous seed extract was estimated in
accordance with [19]. Briefly, 0.1 ml of
black pepper aqueous seed extract was
added to 0.9 ml distilled water in a test tube
to which 3.9 ml of methanolic DPPH
solution was added. The tube was allowed
to rest in the dark for 30 minutes. The
absorbance was deliberated at 515 nm
against a blank of distilled water. This
experiment was conceded at the Central
Water Quality Laboratory of Greater Cairo
Water Company, Cairo, Egypt using the
DPPH free radical scavenging system.

2.6 Determination of total phenolic
contents (TPC):

The total phenolic contents of black pepper
aqueous seed extract were estimated
according to the method described by [20].
500 ul of extracts of black pepper aqueous
seed extract were added to 1000 pl of 1:10
Folin-Ciocalteu's reagent. The mixture was
incubated at room temperature for 5
minutes then 900 pl of sodium carbonate
solution (7.5%) was added and again
incubated at room temperature for 60
minutes. The O.D was determined at 765
nm via UV-VIS spectrophotometer and
(TPC) of the sample was expressed as
gallic acid equivalents mg/g of the extracts.

2.7 Statistical Analysis:

The Data were analyzed by one-way
ANOVA at p < 0.05 and offered as mean £
SD using IBM Corp (Released 2016. IBM
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SPSS Statistics for Windows, Version 24.0.
Armonk, NY: IBM Corp).

3. Experimental Results
3.1. Antibacterial activity

The antibacterial activity of the black
pepper aqueous seed extract was assessed
against Gram positive bacteria (Bacillus
subtilis, Enterococcus faecalis and
Staphylococcus aureus) and Gram negative
bacteria (Escherichia coli, Klebsiella
oxytoca and Proteus vulgaris and
Pseudomonas aeruginosa) table (1) and
figure (1). The results indicated that the
black pepper aqueous seed extract
exhibited potent antibacterial activity
against Gram negative bacteria Klebsiella
oxytoca with inhibition zone of (21+ 0.02
mm) compared with positive control
ciprofloxacin (34+ 0.11) mm. Moreover,
the smallest inhibition zone was accounted
against Gram positive bacteria
Enterococcus faecalis (7 £ 0.05 mm) while
it has no activity against Pseudomonas
aeruginosa.

Table 1. Inhibition zone (mm) of black pepper
aqueous seed extract against various pathogenic
bacteria:

Mean diameter

) ) of inhibition
Bacterial strain zone (mm)
Bacillus subtilis 12+ 0.10

Enteroco_ccus 74005
faecalis
Staphylococcus 13 +0.26
aureus
Escherichia coli 11+ 0.20
Klebsiella oxytoca 21+ 0.11
Proteus vulgaris 9+0.11
Pseudo_monas 000
aeruginosa

3.2 Antifungal activity:

Concerning the antifungal activity of black
pepper aqueous extract using food-
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poisoning technique, it was clear from the
obtained results recorded in table (2) that
the aqueous seed extract of black pepper
completely inhibit growth of Penicillium
citrinum causing (100% inhibition) at 500
ul concentration. It is also found to be more
effective in retarding of Aspergillus niger
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growth while showed some activity against
Aspergillus
oxisporum.

flavus and Fusarium

Figure 1. Antibacterial activity of black pepper aqueous seed extract. “*Where +C = Ciprofloxacin; -C= Negative

control (Distilled water) and B.p = Black pepper”.

Table 2. Effect of black pepper aqueous seed extract against some food pathogenic fungal strains:

Zone inhibition of fungal mycelial %

Fungal strain 100pl 250 pul 500 pl
Penicillium citrinum 70.0£0.15 87.0+0.40 100+0.00
Aspergillus niger 39.0£0.40 58.0+0.51 70.2+0.30
Aspergillus flavus 11.6+0.37 25.4+0.23 45+0.45
Fusarium oxisporum 8.25+67 19.3+£0.65 29.5+0.36

3.3 Assessment of antiviral
activity of black pepper aqueous
seed extract:

The results indicated that the MNTC for
black pepper aqueous seed extract was
2500 pg/ml. Fascinatingly, the antiviral
activity of black pepper aqueous seed
extract was explored against Herpes

simplex viruses (HSV1) and Coxsackie
virus (COXB4) as shown in table (3 and 4).
The HSV1 was found to be more sensitive
to black pepper aqueous seed extract
thanCOXB4. Based on the current data,
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black pepper aqueous seed extract applies
(57.26 and 13.41%) inhibition of plaque of
HSV1 and COXB4 respectively at
concentration (250pug/ml). The anti-herpes
simplex virus might be due to the binding
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of phytochemical compounds in black
pepper extract with the protein coat of the
virus and hold the absorption of a virus into
the Vero cells.

Table 3. Percentages of anti-viral effect of black pepper aqueous seed extract against HSVI.

Viral
Concentration Mean - . . Anti-viral
T .D. Viabili Toxici
est (ug/ml) 0 oD. ability oxicity act;nty offect %
0
Control Vero 0356 | 0362 | 0347 | 0.355 100 0
cell
HSVI 0.123 | 0134 | 0106 | 0.121 | 34.08451 65.91 100 0
250 0253 | 0264 | 0248 | 0.255 | 71.83099 28.16 427350 | 57.2653
125 0152 | 0149 | 0151 | 0.1506 | 42.44131 57.55 87.3219 | 12.6784
Black pepper
62.5 0116 | 0134 | 0122 | 0.124 | 34.92958 65.07 98.7179 | 1.28246
Table 4. Percentages of anti-viral effect of black pepper aqueous seed extract against COXB4.
Concentration Mean Viral Clr;;ll
Test 0O.D. Viabili Toxici ivi
(ug/ml) 0D. v V| aciViy et
% 0,
%
Cont(r:zluvem 0356 | 0362 | 0347 | 0.355 100 0
COXB4 0103 | 0114 | 0116 | 0.111 | 31.26761 | 68.7324 100 0
250 0132 | 0115 | 0111 | 0.1193 | 33.61502 | 66.385 86.59 13.416
125 0113 | 0105 | 0121 | 0113 | 31.83099 | 68.169 98.18 1.8197
Black pepper
62.5 0.107 0.11 0.118 | 0.1117 | 31.4554 68.545 99.73 0.2736

Figure 2. (A and B): Anti-viral effect of black pepper aqueous seed extract against (A): Herpes simplex viruses

(HSV1) and (B): Coxsackie virus (COXB4).
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These results were definite by structural
changes in the Vero cell which appeared as
irregular out line and showing cytoplasmic
projections,  cytoplasmic  vasculation,
nuclear membrane begins to fragment, a
number of nuclei are intricate to be seen,
the cytoplasm appears as mottled, lamps
diffuse mass dispersed all over the cytosol
with dense lysosomes and myelin figure
(3A and B). Amusingly, black pepper
aqueous seed extract demonstrated
antiretroviral activity and it could be used
as a hopeful candidate for new and potent
antiviral herbal preparation with fewer side
effects.
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3.4 Determination of antioxidant
activity and total phenolic
contents:

The antioxidant potential of black pepper
aqueous seed extract was evaluated by
DPPH scavenging activity. The extract
under study showed good antioxidant
activity  under  these  experimental
conditions with 1C50 = 155 pg/ml.

As shown in fig. (4), DPPH activity of the
measures considerably increased with
increasing extract concentration. On the
other hand, the results from the present
study showed that the total phenolic content
of black pepper aqueous seed extract was
(194.05 mg GA/g extract)

cell.
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Figure 4. Evaluation of antioxidant activity by DPPH scavenging.
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4. DISCUSSION

A number of spices have antimicrobial
activities against the food spoilage
pathogenic bacteria and fungi, and some
have antioxidant properties that avert the
rancidity and by this means increase the
shelf life of foods. This study showed
superior activity of black pepper aqueous
seed extract against tested Gram positive
and Gram-negative bacteria. In this concern
[21] indicated that the antimicrobial action
of plant extracts was dependent on the
composition of bacterial cell wall. Studies
conducted by [22], [23], [24] declared the
activity of black pepper to restrict the
growth of some pathogenic bacteria. [25]
mentioned that piperine of black pepper
seed has antimicrobial potency. In view of
the finding of other investigators, these
results were agreed with [26] who reported
that aqueous extract of black pepper
exerted strong antibacterial potency against
diverse bacterial strains isolated from oral
cavity of two hundred person volunteers.
The planned method of extraction donates
accurate, fast, and sensitive method
requiring a lesser amount of solvent to use
IS an active composite against pathogenic
bacteria [27]. Moreover, [18] stated that
black pepper ethanol extract showed
antimicrobial activity against all tested
bacterial strains.

In the view of the present study, the
aqueous seed extract of black pepper exert
complete inhibition (100%) of Penicillium
citrinum mycelium at 500 pl concentration
and also more effectual in controlling the
mycelial growth of Aspergillus niger while
showed low activity against the mycelial
growth of Aspergillus flavus and Fusarium
oxisporum. These results were agreed with
[28] who reported the potency of both oil
and extract of P. nigrum against diverse
food pathogenic fungi using inverted petri
plate technique. A study conducted by [18]
reported that ethanol extract of black

pepper had antifungal activity against four
tested fungi and showed maximum
antifungal activity towards Fusarium
oxisporum. The antifungal compounds
found in the plant extracts at lower
concentrations were found to be fungistatic
while become fungicidal at higher
concentrations as reported by [29]. This
fungicidal outcome of many spices may
possibly as a cause of cell wall lysis and
cytoplasmic membrane of fungal species as
a result of liberation of antimicrobial
products and also the plant lytic enzymes
found in spices act on the fungal cell wall
leading to breakdown of B-1,3 and 1,6
glycan and chitin polymer [30].

In the present investigation, data revealed
that black pepper aqueous seed extract
applies (57.26 and 13.41%) inhibition of
plaque of HSV1 and COXB4 respectively
at concentration (250 pg/ml). These results
were virtually in accordance with [31] who
noted the potency of P. nigrum extract to
inhibit Coxsackie virus type B3 (CVB3)
and the ICso was 10.6 pg/mL through assay
of a cytopathic consequence inhibition. On
the other hand, [14] reported that the Piper
nigrum chloroform extract exerted higher
activity than methanolic extract against
Vesicular stomatitis Indiana virus and
Human para influenza virus on HeLa cell
line. HSV infect more than 4 billion people
over the world, accounting a large saddle of
disease that can be noticeable as ulcerations
of oral and genital, neonatal disease and
herpetic keratitis [32], [33]. Coxsackie
viruses belong to the genus of Enterovirus
and family Picornaviridae. Enteroviruses
are the most common and significant
pathogens of human and frequently occur
in both adults and children [34], [35]. It
named as Hand, foot, mouth Disease
(HFMD) because it causes blister-like rash
involving the hands, foot and mouth. Also,
it causes diseases of muscles, lungs and
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heart [36]. Black pepper has antiviral action
which supports the immune system,
increase body's natural defenses against
some diseases like colds, mumps, measles
etc.

In the current study black pepper aqueous
seed extract showed good antioxidant
activity with 1C50 = 155 pg/ml and total
phenolic content was (194.05 mg GA/g
extract). Several plants naturally generate
secondary metabolites such as flavonoids
and polyphenol which operate as
antioxidants [37], [38]. [39] stated that,
many plant extracts have the ability to
scavenge DPPH radicals in vitro. It is well
recognized that phenolic compounds
belong to the bioactive compounds of plant
and have superior health-promoting
activities [40]. The phenolic content of
several plants and plant extracts takes
extensive interest because of its prospective
for  antioxidant  activity.  Phenolic
compounds act as antioxidants due to their
facility to give a hydrogen atom on the road
to make constant radical intermediates. [41]
assessed the total phenolic content and
antioxidant activity of Piper nigrum L. and
recorded that total phenolic content was
338+1.414 mg GA/g and antioxidant
activity was 13.28.

5. CONCLUSION

Summarizing these outcomes, it can be
fulfilled that black pepper aqueous seed
extract possesses antibacterial, antifungal,
antioxidant and anti-viral activity against
HSV1 and COXB4 viruses. In future, more
studies must be conducted in this regard to
examine the possibility of using black
pepper medically in some anti-microbial
drugs.
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