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ABSTRACT 
 

The purpose of this research work is to compare the antimicrobial activities of conventional 
antibiotics and Ocimum gratissimum mediated nanoparticle against microorganisms isolated from 
endosphere of leguminous plants and selected clinical organisms. The microorganisms are 

Original Research Article 



 
 
 
 

Osuntokun et al.; AJARR, 13(1): 42-59, 2020; Article no.AJARR.59147 
 
 

 
43 

 

becoming a resistant reservoir to conventional antibiotics, there is a great need, to research into 
plant mediated nanoparticles, to combat this great menace of resistant organisms, this therefore 
was the basic hypothesis of this research work. The Endophytic Leguminous plants used for this 
research work were Mucuna pruriens, Calopogonium mucunoides and Vigna unguiculata. The 
plants were randomly collected from Federal College of Agriculture, Akure (7.2704° N, 5.2241° 
E).Endophytic bacteria were isolated, identified and characterized from the endospheres of the 
leguminous plants using biochemical test, sugar fermentation and Bergey’s manual. The 
antimicrobial susceptibility test for endophytic isolates and clinical isolates were performed using 
Kirby-Bauer disc diffusion technique.The same procedure was repeated for the two sulfur 
nanoparticles The sulfur nanoparticles were synthesized using Sodium thiosulfate pentahydrate, 
citric acid (C_6 H_8 O_7,AR) with leaf extract of Ocimum gratissimum, SNP1 and SNP2 (Solid 
reflectance spectrum); SNP1/SNP2 was synthesized in the presence/absence of O. gratissimum 
and characterized on shimadzu UV-VIS-NIR spectrophotometer UV-3100 with a MPCF-3100 
sample compartment. The probable number of organisms isolates from the leguminous plants 
ranges between 109-1022 cfu and all the endophytic isolates were found to be Gram positive rods. 
The probable organisms isolated from the leguminoius plants were Microbacterium lacticum, 
Cellulomonas flavigena and Bacillus spp including;B. pumilus, B. subtilis and B. amylolyticus. 
Bacillus subtilis. All endophytic bacteria were resistant to antimicrobial susceptibility test using 
Cephalosporins (oxoid) and multiple susceptibility disc with a diameter between 11mm and 20mm. 
Endophytic bacteria were susceptible to the SNP1 sulfur nano particles with a diameter between 
9mm and 14mm diameter zones of inhibition. The clinical isolates were susceptible to multiple 
susceptibility disc with of diameter of 11mm and 20mm. Antimicrobial susceptible to SNP1 ranges 
between  18-20mm zones of inhibition  to SNP2.This study discovered that nanoparticles has 
better antimicrobial efficacy against both endophytic isolated bacteria and clinical isolates. The 
present of Ocimum gratissimum drastically increases the efficacy of sulpur mediated nanoparticles. 
it can be deduced that the Ocimum gratissimum mediated nanoparticle as a potential alternative to 
antibiotics in this widespread antibiotics resistance era. 
 

 
Keywords: Conventional antibiotics; Ocimum gratissimum; biosynthetic sulfur nanoparticles; 

endophytic leguminous bacteria. 
 
1. INTRODUCTION 
 
The microbiome of plants is complex and 
dynamic, this plant are increasingly being 
considered as holobionts commonly inhabited by 
endophytic microbial communities [1,2], Indeed, 
endophytes are ubiquitous and have been found 
in all species of plants studied to date [1].The 
term “endophyte” is derived from the Greek 
words “endon” meaning within, and “phyton” 
meaning plant. The microorganisms that can 
behave as endophytes are easy to describe 
taxonomically, they can be classified as archaea, 
bacteria, fungi, protozoans and viruses. 
However, in the absence of a really clear-cut 
accepted definition, it is more difficult to describe 
what features of these microorganisms qualify 
them as endophytes [3,4,5]. More recently, 
Hardoim et al. [1] defined endophytes as 
microbes including bacteria, archaea, fungi, and 
protists that colonize the plant interior regardless 
of the outcome of the association, In recent 
years, many endophytes have been identified 
through culture-independent approaches such as 
sequencing of the 16S rRNA gene, the internal 

transcribed spacer regions, ITS1 and ITS2, or 
through whole genome sequencing of endophyte 
communities [6]. During the plant-endophyte 
interaction, ROS-detoxification occurs early on, 
after entry of the endophyte into the plant       
[7,8,9].  
 
A genomic survey using comparative genomics 
of endophyte strains hypothesized that many 
genes involved in biofilm production, adhesion, 
and motility contribute to plant colonization and 
the endophytic life style within the host plant [10-
14]. 
 
Cowpea, Vigna unguiculata, is a climbing annual 
in the family Fabaceae grown for its edible seeds 
and pods. The cowpea plant is usually erect and 
possess ribbed stems and smooth trifoliate 
leaves which are arranged alternately on the 
stems. The plant produces clusters of flowers at 
the end of a peduncle (flower stalk) and 2–3 
seed pods per peduncle. The seed pods are 
smooth, cylindrical and curved, reaching up to 35 
cm (10 in) in length, with distinctive coloration, 
usually green, purple or yellow. Cowpea can 
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reach in excess of 80 cm (31.5 in) in 
height [14,15].  
 
Velvet bean (Mucuna pruriens (L.) DC. var. utilis 
is a leguminous vine. It is annual or sometimes 
short-lived perennial in the Family Fabaceae. 
Velvet bean is vigorous, trailing or climbing, up to 
6-18 m in length [16]. It has a taproot with 
numerous, 7-10 m long, lateral roots. The stems 
are slender and slightly pubescent [17].The 
leaves are generally slightly pubescent, 
alternate, trifoliolate with rhomboid ovate, 5-15 
cm long x 3-12 cm broad, leaflets [16]. The 
inflorescence is a drooping axillary raceme that 
bears many white to dark purple flowers. The 
velvet bean seeds are variable in colour, ranging 
from glossy black to white or brownish with black 
mottling. Seeds are oblong ellipsoid, 1.2 to 1.5 
cm long, 1 cm broad and 0.5 cm thick [16;17]. 
 
Calopo (Calopogonium mucunoides) is a 
vigorous, hairy annual or short-lived perennial 
trailing in the legume family, Fabaceae. It can 
reach several meters in length and form a dense, 
tangled mass of foliage, 30-50 cm deep. The root 
system is dense and shallow, at most 50 cm 
deep. The stems are succulent, covered with 
long, brown hairs. They are creeping in the lower 
parts, sometimes rooting at the nodes that come 
in contact with the soil. The upper part of the 
stem is twining. The leaves are up to 16 cm long 
and trifoliate. The hairy leaflets are 4-10 cm long 
x 2-5 cm broad, ovate to elliptical. The 
inflorescence is a slender hairy raceme that may 
be up to 20 cm long and bears 2 to 12 blue or 
purple small flowers. The fruits are 3-8 seeded 
hairy pods, 2-4 cm long [18], 
 
Nanoparticles (NPs) are increasingly used to 
target bacteria as an alternative to 
antibiotics.Bacterial infections are a major cause 
of chronic infections and mortality. Antibiotics 
have been the preferred treatment method for 
bacterial infections because of their cost-
effectiveness and powerful outcomes.  The 
primary reason why NPs are being considered as 
an alternative to antibiotics is that NPs can 
effectively prevent microbial drug resistance in 
certain cases. The rampant use of antibiotics has 
led to the emergence of numerous hazards to 
public health, such as superbugs that do not 
respond to any existing drug and epidemics 
against which medicine has no defense [19].  
 
The search for new, effective bactericidal 
materials is significant for combating drug 
resistance, and NPs have been established as a 

promising approach to solve this problem. The 
most serious concern with antibiotic resistance is 
that some bacteria has becoming resistant to 
almost all of the easily and readily 
available antibiotics. These bacteria are able to 
cause serious disease thereby result to a major 
public health problem. Bacteria from the 
environment which were supposed to be neutral 
amidst the global resistance crisis were not left of 
the antimicrobial resistant war. Therefore, the 
need to finding effective alternative means to 
combat antibiotics resistant becomes important; 
hence resulted to this project study. The aim of 
this study is to use leguminous endophytic 
bacteria and selected clinical isolate to explore 
sulfur mediated nanoparticles of medicinal plant 
origin as an alternative antimicrobial agents [20]. 
 

2. MATERIALS AND METHODS  
 

2.1 Collection of Plant Samples 
 

Mature plant specimen of three leguminous 
plants; Mucuna pruriens, Calopogonium 
mucunoides and Vigna unguiculata were 
randomly collected from the school farm of 
Federal College of Agriculture, Akure (7.2704° N, 
5.2241° E) in triplicates. 
 

2.2 Collection of Clinical Isolates 
 

Pure cultures of Five [5] selected clinical isolates; 
Staphylococcus aureus, Klebsiella pneumoniae, 
Escherichia coli, Pseudomonas aeruginosa and 
Salmonella pullorum were collected from the 
Microbiology laboratory of Adekunle Ajasin 
University for this study. These isolates were 
pathogenic and have been known to cause 
human and poultry diseases. All the culture were 
grown and maintained in nutrient broth at 37°C 
and used for further studies. 
 

2.3 Bacteria Isolation from Leguminous 
Plants 

 

The samples collected were separately washed 
with tap water, followed by surface sterilization 
using 70% ethanol for 30 seconds, 2% Sodium 
hypochlorite (NaOCl) for 5 minutes, 3% 
Hydrogen peroxide for 30 seconds and then 
rinsed five times with distilled water, to remove 
epiphytic microbes. Ten grams of these samples 
were cut to 2-3 cm pieces and macerated using 
sterilized mortar and pestle with 12.5 mM 
potassium phosphate buffer (pH 7.1), followed by 
a 10-fold serial dilution where 0.5ml of the 10-3 
dilution was plated using the pour plate method 
on Nutrient Agar supplemented with 



 

cycloheximide (100 μg/mL) to inhibit fungal 
growth. Inoculated Petri plates were incubated at 
37°C for 24 hours. After the incubation time, the 
colony forming units (CFU) for each plate was 
estimated [21]. Isolates differing in morphological 
appearance was selected and were streaked 
onto new plates until pure cultures were 
obtained. Pure cultures of bacterial isolates were 
maintained on NA slants and were stored at 4°C 
[21]. 
 

2.4 Efficiency of Surface Sterilization for 
Bacteria Isolation  

 
The efficiency of surface sterilization procedure 
was necessarily checked by imprint method, also
success of the surface sterilization method was 
confirmed by the absence of any microbial 
growth on media plates impregnated with 50 μl 
aliquots of the final rinse water. This was done to 
avoid isolation of epiphytic organisms, the 
surface sterilization was considered successful 
as there was no growth [22]. 
 

2.5 Identification of Bacteria Isolates from 
Leguminous Plants 

 
Preliminary identification of the bacterial isolate 
where based on their morphological 

Plate 1. Schematic diagram showing procedure 
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characteristics and result from various 
biochemical tests carried out on them. Each of 
the endophytic isolate were cultured on media 
and observed after 24 h of incubation for their 
morphological characteristics. Biochemical 
characteristics were determined according to the 
methods of [23] and examined acco
Bergey's Manual of Determinative Bacteriology 
[24]. This was done to confirm the identity of the 
endophytic bacteria isolates. 
 
2.5.1 Morphological characterization bacteria 

isolates from leguminous plants
 
 The appearance of the colony of each isolate on 
the agar media was studied and characteristics 
such as shape, edge, pigment, opacity, elevation 
and surface were observed as described by [23].
 
2.5.2 Gram staining bacteria isolates from 

leguminous plants 
 
This test was carried out on 24h old cultures of 
the isolate in order to determine their gram 
reaction and cellular morphology. The gram 
reaction differentiates bacteria into gram positive 
and gram-negative bacteria. A smear of the 
culture between 18 to 24 hours was
a clean grease free microscope slide with a drop
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of sterile distilled water and mixed. The smear 
was allowed to dry and then heat-fixed by 
passing the slide over a spirit flame once or 
twice. The heat-fixed smear was flooded with 
crystal violet and allowed to stain for 60 s after 
which the stain was poured off and rinsed with 
water, the slide was flooded with iodine solution 
and will be allowed to stand for another 60 s and 
then poured off and rinsed with water, the smear 
was decolorized with 95% ethanol and rinsed 
immediately after 10 s with water. The smear 
was further counter stained with safranin for 
another 60 s after which was gently rinsed off 
with water. It was air-dried and examined under 
the oil immersion objectives of 100x light 
microscope. The gram reaction, shape and 
arrangement of cell were then recorded [25]. 
 
2.5.3 Biochemical characterization of 

bacterial isolates from leguminous 
plants 

 
2.5.3.1 Catalase test 
 
This test detects the presence of catalase 
enzyme when present in a bacterium, it catalyse 
the breaking down of hydrogen peroxide with the 
release of oxygen as bubble. With a wire loop, a 
colony was picked from the pure culture and was 
transferred to the centre of a glass slide. 1- 2 
drops of 3% hydrogen peroxide was added to the 
bacterial isolates. Immediate production of 
bubbles indicated positive result and if no bubble 
indicated negative [25]. 
 
2.5.3.2 Oxidase test 
 
This was carried out using oxidase reagent as 
described by Baker et al. (2001). Two drops of 
freshly-prepared oxidase reagent (1% aqueous 
tetramethyl-p-phenylene diamine hydrochloride 
solution) were placed on a piece of filter paper.A 
part of the colony of the bacterial isolate was 
collected using one end of sterile grease free 
glass slide and smeared across the filter paper 
impregnated with the oxidase reagent and 
observed for deep purple colour within 10s [26]. 
 
2.5.3.3 Citrate test 
 
The agar used in citrate test is Simmon’s Citrate 
Agar, it is used to test an organism ability to 
utilize citrate as a source of energy. The medium 
contain citrate as the sole carbon source and 
inorganic ammonium salts (NH4HPO4) as the 
source of nitrogen. It was done by dissolving the 
agar and gently heat with mixing and boiling until 

it dissolved. A 5 ml was dispensed into each tube 
and autoclaved at 121oC for 15 min. It was 
cooled and slanted before the test organism was 
streaked with a light inoculum. It was then be 
incubated aerobically at 37oC for 5 days and 
examined. Those that changed from original 
colour (green) to blue or yellow were considered 
positive. While those that retained the green 
colour were considered negative. Uninoculated 
control tubes were included then the results were 
then recorded [25]. 
 
2.5.3.4 Indole test 
 
Some microbes are capable of hydrolyzing the 
amino acid tryptophan and one of the end 
products is indole. The latter reacts with 4-
dimethyl amino benzyladehyde to form a dark 
red dye.  Each of the bacterial isolates were 
cultured in sterile nutrient broth for 48h at 37

0
C. 

2mls of chloroform were added to the broth 
culture and mixed gently. About 2mls of Kovac’s 
reagent were later added, shaken gently and 
allowed to stand for 20min. a red colour at the 
reagent layer indicates indole production [26].  
 
2.5.3.5 Starch hydrolysis  
 
A plate containing 1% starch agar was streaked 
with the test organisms across its surface. The 
plate was incubated at 37°C for 18-24 hours. The 
plate was flooded with Grant’s iodine after 
incubation and left for about 30 seconds 
unhydrolyzed starch formed a blue coloration 
with the iodine while hydrolyzed starch appears 
as a clear zone along the streak resulting from 
alpha-amylase activity [27]. 
 
2.5.3.6 Sugar fermentation test 
 
A situation whereby carbohydrates are utilized in 
the partial or total absence of oxygen is referred 
to as fermentation. But sugar is utilized in the 
presence of oxygen such reactions are known as 
oxidation. Sterilization of the basal medium was 
done using an autoclave at 1210C for 15min. Ten 
percent (10%) sterile solution of the test sugar 
(glucose, fructose, mannitol, dextrose and 
galactose) was added, inverted Durham tubes 
was put into each tube. Different isolates were 
inoculated into each test tube according to the 
labeling using a sterile inoculating loop. Un-
inoculated tubes serve as controls. The results 
were examined daily for up to 7days in which 
methyl red indicator changed to yellow. A yellow 
coloration indicated growth and acid production. 
Also, the upper part of the Durham tubes was 
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examined to detect any accumulated gas which 
indicated gas production. [25] Results were then 
recorded. 
 

2.6 Antibiotic Susceptibility Test for the 
Bacterial Isolates 

 
The test was performed to determine the 
phenotypic resistant of the bacterial isolates to 
commonly used antibiotics. These tests were 
carried out following the Kirby-Bauer disc 
diffusion method of [28]. Inoculum from culture of 
bacteria isolates on nutrient agar slants were 
inoculated into test tubes containing sterilized 
nutrient broth and incubated at 37

0
C for 18h 

which serve as the stock for the test. Mueller-
Hinton agar was prepared and sterilized, then 
dispensed into sterilized Petri dishes.  The plates 
were allowed to cool for about 15min so as to 
allow it to gel and excess surface moisture to be 
absorbed. The inoculum was introduced into 
plates by streaking before applying the antibiotics 
impregnated discs. Two types of discs were 
used; Cephalosporin antibiotic discs (Oxoid); 
Cefuroxime (30 µg), Ceftazidime (30 µg), 
Cefoxitin (30 µg), Cefpodoxime (10 µg), 
Cefepime (30 µg) and Multi-test Predetermined 
commercial Gram negative and Gram positive 
discs which were applied to the surface of the 
well labeled inoculated agar plated aseptically 
using sterile forceps. The discs were then placed 
firmly by slightly pressing on the inoculated 
plates with the sterilized forceps to ensure 
complete contact with the agar. After 24h of 
incubation, each plates was examined, 
susceptibility to each antibiotics were indicated 
by a clear zone. The zone of inhibition were 
measured using a calibrated ruler was held on 
the back of the inverted petri plate and was 
recorded [29]. 
 
2.7 Preparation and Synthesis of Ocimum 

gratissimum Mediated Nanoparticles 
 
2.7.1 Preparation of leaf extract of Ocimum 

gratissimum 
 
Fresh leaves of Ocimum gratissimum were 
collected from campus of Adekunle Ajasin 
University, Akungba, and used as source of 
nanoparticles preparation with deionized water 
used throughout the experiments. The fresh 
leaves of O. gratissimum were removed from 
their stalks and washed thoroughly with running 
tap water to remove any attached particles or 
debris, and finally washed with deionized      

water. Subsequently, the leaves were allowed to 
dry for 3-4 weeks at room temperature to remove 
the adsorbed moistures. The dried leaves were 
ground into fine powders in a clean agate mortal 
and stored in a tight container for further use. 
Biomolecule contents of the leave were extracted 
by adding 20 g of the powdered leaves to 100 
mL deionized water in a 250 mL beaker, and 
heated to 100℃ for 60 min. The crude greenish 
extract was filtered through Whatmann No. 1 
filter paper and stored in the refrigerator at -10 
prior to the preparation of sulfur nanoparticles 
[30]. 
 

2.7.2 Biosynthesis of sulfur/Ocimum 
gratissimum mediated nanoparticles 
(SNP-1/ SNP-2), Scheme 1 

 

Synthesis of sulfur nanoparticles in the presence 
or absence of O. gratissimum plant extract is as 
follows: sodium thiosulfate pentahydrate (0.403 
M) and 50 mL of O. gratissimum leaf extract 
were to 150 mL deionized water and allowed to 
stir on a magnetic stirrer at room temperature for 
30 min. Then aqueous solution of citric acid (2.42 
M, 50 mL) was added drop wise under stirring to 
allow the precipitation of sodium thiosulfate as 
sulfur nanoparticles and SO� Scheme 1, in 
accordance with previous report [31]. The 
mixture was stirred for additional 1 hour and was 
allowed to stand undisturbed for 5 h for complete 
disproportionation of sodium thiosulfate. 
Biosynthesized sulfur nanoparticles was 
collected by centrifugation, washed with 
deionized water and EtOH, and dried in an oven 
at 50 °C for 24 h. For comparison, sulfur 
nanoparticles in the absence of leaf extract was 
also prepared using Na�S�O� and citric acid but 
without leaf extract. Sulfur nanoparticles 
prepared in the presence and absence of plant 
extract are named SNP − 1  and SNP − 2 , 
respectively [30]. 
 

Na�S�O�(��)  +  H�(��, citric acid) → SO�(g)  +
S ↓ + H�O(�)   
 

2.7.3 Material characterizations using UV-
VIS-NIR spectrophotometer Uv-3100 

 

The solid reflectance spectra of prepared 
SNP − 1  and SNP − 2  were recorded on a 
Shimadzu UV-VIS-NIR Spectrophotometer UV-
3100 with a MPCF-3100 sample compartment 
with samples mounted between two quartz discs 
which fit into a sample holder coated with barium 
sulfate. The spectra were recorded over the 
wavelength range of 800-250 nm, and the scans 
were 
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Plate 2. Diagram showing susceptibility test using Sulfur/Ocimum gratissimum Mediated 
Nanoparticles (SNP-1/ SNP-2) (Modified Kirby-Bauer Method) [32] 

 
conducted at a medium speed using a 20 nm slit 
width. Infra-red spectra were recorded on a 
Thermo Fisher Scientific FTIR 
spectrophotometer, using pressed KBr pellets. 
Transmission electron microscope (TEM) image 
was recorded using a JEOL JEM-2010 electron 
microscope operating at 200 KV. The XRD 
spectra were obtained with Bruker D8 ADVANCE 
diffractometer (Germany) using Cu Kα (1.5406 
Å) radiation. Surface morphology and elemental 
composition of sulfur nanoparticles were 
analysed using scanning electron microscope 
(SEM) equipped with energy dispersive analysis 
of X-ray equipment (EDAX) (XL 30 FEG ESEM) 
[30]. 
 

2.8 Antibiotic Susceptibility Test for 
Bacterial Isolates Using Sulfur/ 
Ocimum gratissimum Mediated 
Nanoparticles (SNP-1/ SNP-2) 

 
The antibacterial effect of two sulfur 
nanoparticles; prepared in the presence and 
absence of O. gratissimum plant extract was 
tested against both endophytic bacteria and 
selected clinical isolates using the modified 
Kirby-Bauer method [32]. In the modified Kirby-
Bauer method, 0.5 cm diameter wells were made 
on a Muller Hinton agar plates using a sterile 
cock borer after inoculating the microorganism 
using the swab technique. A known 
concentration of the sulfur nanoparticles was 
introduced into the wells and incubated at 37°C 
for 24 h. Antimicrobial activity was calculated by 
measuring the zone of clearance in the agar 
plate. 
 

3. RESULTS 
 
Table 1 shows the description of the three (3) 
leguminous plant specimens collected for 
isolation of Endophytic bacteria. All the plant 
specimen (100%) collected were mature at the 
time of sample collection. 
 
Table 2 shows the colony morphology of the 
isolated leguminous endophytic bacteria based 
on parameter of Pigment, shape, surface, 
opacity, edge and elevation. 
 
Table 3 shows the Gram staining of the isolated 
leguminous endophytic bacteria. All the isolates 
(100%) were gram positive and rod shaped. 
 
Table 4 shows biochemical characteristics of 
isolated leguminous endophytic bacteria. All the 
isolates tested positive to Catalase, Citrate and 
Starch hydrolysis; END 4 from Vigna unguiculata 
was Oxidase positive, END 3 from 
Calopogonium mucunoideswas Indole positive 
while the other endophytic bacteria tested 
negative to Oxidase and Indole respectively. 
 

Table 5 shows Sugar fermentation and gas 
production of the leguminous endophytic bacteria 
isolates. All isolates except END 3 tested positive 
to fermentation of Mannitol, D-Glucose, Fructose 
and Dextrose while only END 1 (Mucuna 
pruriens) and 5 (Calopogonium mucunoides) 
tested positive to fermentation of Galactose with 
differences in gas production. 
 

Table 6 shows the probable identity of the 
leguminous endophytic bacteria isolates.  

                  

Table 1. Description of leguminous plant specimen collected 
 

Plant Specimen Description 
Mucuna pruriens Mature, Long vines, Tap root, Slender stem, ovate leaves. 
Calopogonium mucunoides Mature, Hairy, Trailing, succulent stem, Trifoliate leaves, Hairy leaflets. 
Vigna unguiculata Mature, Glabrous, Taproot, Roots with large nodules, Procumbent 

stem. 
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 Table 2. Colony morphology of bacterial isolates from endosphere of leguminous plant 
 

Isolate 
code 

Plant specimen Pigment  Shape Surface Opacity Edge Elevation 

END 1
 

Mucuna pruriens White to 
yellow 

Irregular Smooth Opaque Undulate Flat 

END 2
 

Mucuna pruriens White 
spreading 

Irregular Smooth Opaque Undulate Flat 

END 3 Calopogonium 
mucunoides 

Creamy  Circular Dull Transparent Lobate Raised 

END 4 Vigna unguiculata Creamy Irregular Smooth Opaque Undulate Flat 

END 5 Calopogonium 
mucunoides 

Thick 
white 

Circular Smooth Transparent Entire Low 
convex 

END 6 Calopogonium 
mucunoides 

White 
spreading 

Irregular Smooth Opaque Undulate Flat 

END 7
 

Vigna unguiculata White 
spreading 

Irregular Smooth Opaque Undulate flat 

Key: END 1 - Mucuna pruriens; END 2 - Mucuna pruriens; END 3 - Calopogonium mucunoides; END 4 - Vigna 
unguiculata; END 5 - Calopogonium mucunoides; END 6 - Calopogonium mucunoides; END 7 - Vigna 

unguiculata 
 

Table 3. Gram staining of bacteria isolated from endosphere of leguminous plants 
 

Isolate Code Plant Specimen Gram Microscopy Inference 

END 1 Mucuna pruriens + ve rod Gram + rod 

END 2
 

Mucuna pruriens + ve rod Gram + rod 

END 3 Calopogonium mucunoides + ve rod Gram + rod 

END 4
 

Vigna unguiculata + ve rod Gram + rod 

END 5 Calopogonium mucunoides + ve rod Gram + rod 

END 6 Calopogonium mucunoides + ve rod Gram + rod 

END 7
 

Vigna unguiculata + ve rod Gram + rod 
 

Table 4. Biochemical test of bacterial isolates from endosphere of leguminous plant 
 

Isolate 
code 

Plant specimen Catalase Oxidase Indole Simmons 
citrate 

Starch 
hydrolysis 

END 1
 

Mucuna pruriens + ve - ve - ve + ve + ve 

END 2 Mucuna pruriens + ve - ve - ve + ve + ve 

END 3 Calopogonium 
mucunoides 

+ ve - ve + ve + ve + ve 

END 4 Vigna 
unguiculata 

+ ve + ve - ve + ve + ve 

END 5 Calopogonium 
mucunoides 

+ ve - ve - ve + ve + ve 

END 6 Calopogonium 
mucunoides 

+ ve - ve - ve + ve + ve 

END 7
 

Vigna 
unguiculata 

+ ve - ve - ve + ve + ve 

Key: END 1 - Mucuna pruriens; END 2 - Mucuna pruriens; END 3 - Calopogonium mucunoides;  END 4 - Vigna 
unguiculata; END 5 - Calopogonium mucunoides; END 6 - Calopogonium mucunoides;  END 7 - Vigna 

unguiculata 
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Table 5. Sugar fermentation result of leguminous endophytic bacteria isolates 
 
Isolate code Plant Specimen Mannitol D-Glucose Fructose Galactose Dextrose 
END 1

 
Mucuna pruriens +ve ++ +ve + +ve + +ve - +ve ++ 

END 2
 

Mucuna pruriens +ve + +ve + +ve - -ve - +ve - 

END 3 Calopogonium 
mucunoides 

-ve - -ve - -ve - -ve - -ve - 

END 4 Vigna unguiculata +ve ++ +ve - +ve ++ -ve - +ve ++ 

END 5 Calopogonium 
mucunoides 

+ve + +ve + +ve + +ve + +ve - 

END 6 Calopogonium 
mucunoides 

+ve + +ve - +ve - -ve - +ve ++ 

END 7 Vigna unguiculata +ve + +ve + +ve + -ve - +ve - 
Key: Subscript – Gas production; END 1 - Mucuna pruriens; END 2 - Mucuna pruriens; END 3 - Calopogonium 

mucunoides;  END 4 - Vigna unguiculata;     END 5 - Calopogonium mucunoides; END 6 - Calopogonium 
mucunoides; END 7 - Vigna unguiculata    

 
Table 6. Probable identity of leguminous endophytic bacteria isolates 

 
Isolate Code Plant Specimen Probable Organism  
END 1 Mucuna pruriens Bacillus pumilus 
END 2 Mucuna pruriens Bacillus subtilis 
END 3 Calopogonium mucunoides Microbacterium lacticum 
END 4

 
Vigna unguiculata Bacillus amylolyticus 

END 5 Calopogonium mucunoides Cellulomonas flavigena 
END 6 Calopogonium mucunoides Bacillus subtilis 
END 7

 
Vigna unguiculata Bacillus subtilis 

Key: END 1- Bacillus pumilus; END 2- Bacillus pumilus; END 3- Microbacterium lacticum; END 4- Bacillus 
amylolyticus; END 5- Cellulomonas flavigena; END 6- Bacillus subtilis; END 7- Bacillus subtilis 

 
Fig. 1 shows the weight in Grams (g) of the three 
(3) leguminous plants specimen collected for 
endophytic bacteria isolation. All the plants 
specimen (100%) weighed 10,9 and 7g. 
 
Fig. 2 shows the enumeration of isolates from 
Endophytic leguminous Bacteria (10

3
)Cfu. 

(number of isolates) from the three (3) 
leguminous plant. Twenty-two (22) isolates were 
obtained from Mucuna pruriens and was highest 
number of isolates. Nine (9) and sixteen (16) 
isolates were obtained fromCalopogonium 
mucunoides and Vigna unguiculata respectively. 
 
Fig. 3 shows the diameter (in mm) of the zone of 
inhibition of the conventional antibiotics (oxoid) 
against the tested isolates. All the isolates 
(100%) were resistant to all of the antibiotics of 
the cephalosporin family used. 
 
Fig. 4 shows the diameter (in mm) of the zone of 
inhibition of the multiple susceptibility disc 
antibiotics against endophytic bacteria isolates. 
All the isolates (100%) were resistant to 
Ampiclox, Zinnacef and Amoxacillin but 
susceptible to Pefloxacin. All the isolates except 
Bacillus pumilus were susceptible to 

Cirpofloxacin. Microbacterium lacticum, Bacillus 
amylolyticus and Cellulomonas flavigena were 
susceptible to Streptomycin, Septrin and 
Pefloxacin. 
 
Fig. 5 shows the diameter (in mm) of the zone of 
inhibition of the multiple susceptibility disc 
antibiotics against selected clinical isolates. 
Staphylococcus aureus, Escherichia coli and 
Pseudomonas aeruginosa were susceptible to 
Pefloxacin at diameter zone of 20.00mm. 
Escherichia coli and Pseudomonas aeruginosa 
were susceptibleto Streptomycin, Septrin, 
Erythromycin, Ampiclox and Rocepin with 
diameter zones ranging from 17.00-20.00mm. 
Salmonella pullorum was susceptible to 
Streptomycin and Septrin with diameter zone of 
17.00mm while Klebsiella pneumoniae was 
resistant to 90% (9 of 10) of antibiotics. 
 
Fig. 6. shows the diameter (in mm) of the zone of 
inhibition of the sulfur nanoparticles against 
endophytic bacteria isolates. Bacillus 
amylolyticus and Cellulomonas flavigena isolates 
showed susceptibility diameter zone of 14.00mm 
to sulfur nanoparticles (SNP1) mediated with 
Ocimum gratissimumplant extract. All the isolates 



 

(100%) were resistant to sulfur nanoparticles 
(SNP2) synthesized in the absence of 
gratissimumplant extract. 
 
Fig. 7 shows the diameter (in mm) of the zone of 
inhibition of the sulfur nanoparticles tested 
against selected clinical isolates. Staphylococcus 
aureus was observed to have the highest 
susceptibility to sulfur nanoparticles (SNP1) 
 

Fig. 1. Weight of Leguminous Plant Specimen (g)

Fig. 2. Enumeration of isolates from Endophytic

Mucuna pruriens

10g

Mucuna pruriens

1022Cfu

Enumeration of isolates from Endophytic leguminous 

Bacteria (10
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sulfur nanoparticles 
(SNP2) synthesized in the absence of Ocimum 

7 shows the diameter (in mm) of the zone of 
inhibition of the sulfur nanoparticles tested 

Staphylococcus 
was observed to have the highest 

susceptibility to sulfur nanoparticles (SNP1) 

mediated with Ocimum gratissimum 
with diameter of 20.00mm; Escherichia coli
Salmonella pullorum showed the susceptibility 
diameter zone of 18.00mm; 
pneumoniae and Pseudomonas aeruginosa
showed resistance. All tested clinical is
were resistant to the other sulfur nanoparticles 
(SNP2) synthesized in the absence of 
gratissimum plant extract. 

 
Weight of Leguminous Plant Specimen (g) 

 

 
Enumeration of isolates from Endophytic leguminous Bacteria (10

Calopogonium 
mucunoides Vigna unguiculata

9g

7g

Weight(g)

Calopogonium 
mucunoides Vigna unguiculata

109Cfu

1016Cfu

Enumeration of isolates from Endophytic leguminous 

Bacteria (103)Cfu. 
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Ocimum gratissimum plant extract 
Escherichia coli and 

showed the susceptibility 
diameter zone of 18.00mm; Klebsiella 

Pseudomonas aeruginosa 
showed resistance. All tested clinical isolates 
were resistant to the other sulfur nanoparticles 
(SNP2) synthesized in the absence of Ocimum 

 

 

leguminous Bacteria (10
3
)Cfu 



 

Fig. 3. Antibiotic susceptibility test of endophytic bacterial isolate using cephalospoins 
(Ox

Key: CXM – Cefuroxime (30 µg); 
FEP – Cefepime (30 µg)

Fig. 4. Antibiotics susceptibility test of endophytic bacterial isolates using multiple 
susceptibility disc 

4. DISCUSSION 
 
The problem of antibiotic resistance                  
continues to be a menace both in the clinical 
setting and in the environment, which is mainly 
attributed to excessive agricultural usage, the 
inappropriate and excessive use of antimicrobials 
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susceptibility test of endophytic bacterial isolate using cephalospoins 

(Oxoid) (mm) (Resistant isolates) 
30 µg); CPD – Cefpodoxime (10 µg); CAZ – Ceftazidime (30 µg)

(30 µg); FOX – Cefoxitin (30 µg); 0.00 – No Inhibition 
 

 
susceptibility test of endophytic bacterial isolates using multiple 
susceptibility disc (mm) (Susceptible Isolates) 

 

The problem of antibiotic resistance                  
continues to be a menace both in the clinical 
setting and in the environment, which is mainly 
attributed to excessive agricultural usage, the 
inappropriate and excessive use of antimicrobials 

in humans and animals, and many other factors. 
The search for novel antimicrobials requires 
crucial action, antibacterial applications of 
nanotechnology are gaining importance to 
prevent the catastrophic consequences of 
antibiotic resistance through the use of 
nanoparticles [33]. The purpose of this research 
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susceptibility test of endophytic bacterial isolate using cephalospoins 

Ceftazidime (30 µg) 

 

susceptibility test of endophytic bacterial isolates using multiple 

and animals, and many other factors. 
The search for novel antimicrobials requires 
crucial action, antibacterial applications of 
nanotechnology are gaining importance to 
prevent the catastrophic consequences of 
antibiotic resistance through the use of 

articles [33]. The purpose of this research 
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work is to compare the antimicrobial activities of 
conventional antibiotics and 
gratissimum mediated nanoparticle against 

Fig. 5. Antibiotic Susceptibility of Selected Clinical Isolates (mm) (Susceptible Isolates)
Key:  ≥ 17 Sensitive, 16

APX – Ampiclox 30µg; SXT – Septrin 30µg
PEF – Pefloxacin 30µg; R – Rocepin 25µg

OFX – Tarivid; 10µg CH – Chloranphenicol

Fig. 6. Antibiotic susceptibility test of endophytic bacteria 
mediated nanoparticles 
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work is to compare the antimicrobial activities of 
conventional antibiotics and Ocimum 

mediated nanoparticle against 

microorganisms isolated from endosphere of 
leguminous plants and selected clinical 
organisms. 

 

 
Antibiotic Susceptibility of Selected Clinical Isolates (mm) (Susceptible Isolates)

≥ 17 Sensitive, 16-12 Intermediate ≤ 11 Resistant; S – Streptomycin 30µg 
Septrin 30µg; Z – Zinnacef 20µg; E – Erythromycin 10µg; AM – Amoxacillin 30µg      

Rocepin 25µg; CN – Gentamycin 10µg; CPX – Cirpofloxacin 10µg
Chloranphenicol; 30µg AU – Augmentin 30µg; SP – Sparfloxacin 10µg

Inhibition 
 

 

susceptibility test of endophytic bacteria (Sulfur) Ocimum gratissimum 
mediated nanoparticles (mm) (Susceptible Isolates) 

CN CH AU AM SP CPX11 0 0 0 11 20CN APX Z AM R CPX
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endosphere of 
and selected clinical 

 

Antibiotic Susceptibility of Selected Clinical Isolates (mm) (Susceptible Isolates) 
 

Amoxacillin 30µg      
Cirpofloxacin 10µg 

Sparfloxacin 10µg; 0.00 – No 

 

Ocimum gratissimum 

Klebsiella 
pneumoniae

Salmonella 
pullorum

Escherichia coli

Pseudomonas 
aeruginosa



 

Fig. 7. Antibiotic Susceptibility Test of Selected Clinical Isolates Using 
gratissimum Mediated Nanoparticles

Key: SNP 1 - Sulfur Nanoparticle 1 S
     
In a logical approach, the use of leguminous 
endophytic bacteria and selected clinical isolates 
to explore (sulfur)Ocimum gratissimum 
nanoparticle (SNPs) as an alternative 
antimicrobial agent as well as comparing its 
efficacy with antibiogram of the same 
organisms. 
 
From literature, clinical organisms are known to 
possess the predisposed factors of antimicrobial 
resistant, due to multiple use of antibiotic during 
and after treatment of infection, there is need to 
isolate pure microorganism void of antibiotics 
treatments. The basic reason during this 
research work,the microorganisms were isolated 
from endophyte of leguminous plant.   
      
In this study, a total of seven (7) bacteria were 
isolated from the endosphere of three 
leguminous plants; Mucuna 
Calopogonium mucunoides 
unguiculata. The endophytic bacteria isolates 
were biochemically and microbiologically 
characterized  through grain staning and 
biochemical test which include citrate, indo, 
oxidase etc. the isolated organism were  
Microbacterium lacticum, Cellulomonas fla
and Bacillus spp including; B. pumilus
and B. amylolyticus. Bacillus subtilis
common to all three leguminous plant.The 
organisms were all (100%) Gram positive rods 
affirming that bacteria endophyte are present in 
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Antibiotic Susceptibility Test of Selected Clinical Isolates Using (Sulfur)

Mediated Nanoparticles(mm)(Susceptible Isolates) 
Sulfur Nanoparticle 1 SNP 2 - Sulfur Nanoparticle 2   0.00 - No inhibition

In a logical approach, the use of leguminous 
bacteria and selected clinical isolates 

)Ocimum gratissimum mediated 
(SNPs) as an alternative 

antimicrobial agent as well as comparing its 
efficacy with antibiogram of the same  

s are known to 
possess the predisposed factors of antimicrobial 
resistant, due to multiple use of antibiotic during 
and after treatment of infection, there is need to 
isolate pure microorganism void of antibiotics 
treatments. The basic reason during this 
esearch work,the microorganisms were isolated 

from endophyte of leguminous plant.    

In this study, a total of seven (7) bacteria were 
isolated from the endosphere of three 

Mucuna pruriens, 
 and Vigna 

The endophytic bacteria isolates 
were biochemically and microbiologically 
characterized  through grain staning and 
biochemical test which include citrate, indo, 
oxidase etc. the isolated organism were  

Cellulomonas flavigena 
B. pumilus, B. subtilis 

B. amylolyticus. Bacillus subtilis was 
common to all three leguminous plant.The 
organisms were all (100%) Gram positive rods 
affirming that bacteria endophyte are present in 

legumes and can be isolated by proper surface 
sterilization method [34]. 
 
The first set of antibiotics used in this study for 
susceptibility test were Cephalosporins (oxoid); 
Cefuroxime (30 µg) Cefpodoxime (10 µg), 
Ceftazidime (30 µg), Cefepime (30 µg) and 
Cefoxitin (30 µg). All bacterial endophytes 
(100%) were resistant to these cephalosporins. 
These may be due to the fact that 
antibiotics are made from strains of fungi and 
bacteria that occur naturally in all environments. 
Most antibiotic-producing strains transfer genes 
encoding resistance to the antibiotics that they 
yield, and these genes typically originated in the 
same gene cluster as the antibiotic biosynthesis 
pathway genes [35].  
 
In addition, antibiotics produced in the 
environment may apply selective pressure on 
neighboring organisms. With the result obtained 
later in this study, most isolated endophytic 
bacteria could be considered multidrug resistant 
(MDR), supporting the emerging body of 
evidence that the environment including 
endosphere (plant environment) constitutes a 
vast reservoir of organisms that are rapidly 
becoming antibiotic resistant [36,37]
 

Due to the general resistant pattern of all 
bacterial endophyte to the Cephalosporins 
(oxoid), another set of antibiotics (commercial 
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Klebsiella pneumoniae
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(Sulfur) Ocimum 

No inhibition 

isolated by proper surface 

The first set of antibiotics used in this study for 
susceptibility test were Cephalosporins (oxoid); 
Cefuroxime (30 µg) Cefpodoxime (10 µg), 
Ceftazidime (30 µg), Cefepime (30 µg) and 

All bacterial endophytes 
(100%) were resistant to these cephalosporins. 
These may be due to the fact that most 
antibiotics are made from strains of fungi and 
bacteria that occur naturally in all environments. 

producing strains transfer genes 
encoding resistance to the antibiotics that they 
yield, and these genes typically originated in the 

gene cluster as the antibiotic biosynthesis 

In addition, antibiotics produced in the 
environment may apply selective pressure on 
neighboring organisms. With the result obtained 
later in this study, most isolated endophytic 

ould be considered multidrug resistant 
(MDR), supporting the emerging body of 
evidence that the environment including 
endosphere (plant environment) constitutes a 
vast reservoir of organisms that are rapidly 
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multiple susceptibility disc) were again used 
against the endophytic bacteria. For the second 
set of antibiotics (multiple susceptibility disc). All 
the endophytic isolates (100%) were resistant to 
Ampiclox, Zinnacef and Amoxacillin but 
susceptible to Pefloxacin. All the endophytic 
isolates except Bacillus pumilus were susceptible 
to Cirpofloxacin. Microbacterium lacticum, 
Bacillus amylolyticus and Cellulomonas flavigena 
were susceptible to Streptomycin, Septrin and 
Pefloxacin. While for the clinical isolates; 
Staphylococcus aureus, Escherichia coli and 
Pseudomonas aeruginosa were susceptible to 
Pefloxacin at diameter zone of 20.00mm. 
Escherichia coli and Pseudomonas aeruginosa 
were susceptibleto Streptomycin, Septrin, 
Erythromycin, Ampiclox and Rocepin with 
diameter zones ranging from 17.00-20.00mm. 
Salmonella pullorum was susceptible to 
Streptomycin and Septrin with diameter                   
zone of 17.00mm while Klebsiella pneumoniae 
was resistant to 90% (9 of 10) of the         
antibiotics. 
 
Evaluation of antimicrobial activity of 
nanoparticles was done using agar well diffusion 
assay [38]. For the endophytic isolates; Bacillus 
amylolyticus and Cellulomonas flavigena isolates 
showed susceptibility diameter zone of 14.00mm 
to sulfur nanoparticles (SNP1) mediated with 
Ocimum gratissimum plant extract. All the 
endophytic isolates (100%) were resistant to 
sulfur nanoparticles (SNP2) synthesized in the 
absence of Ocimum gratissimum plant extract. 
While, for the clinical isolates; Staphylococcus 
aureus was observed to have the highest 
susceptibility to sulfur nanoparticles (SNP1) 
mediated with Ocimum gratissimum plant extract 
with diameter of 20.00mm; Escherichia coli and 
Salmonella pullorum showed the susceptibility 
diameter zone of 18.00mm; Klebsiella 
pneumoniae and Pseudomonas aeruginosa 
showed resistance. All tested clinical isolates 
were resistant to the other sulfur nanoparticles 
(SNP2) synthesized in the absence of Ocimum 
gratissimum plant extract [38]. 
 
The result obtained also showed that Ocimum 
gratissimum extract increased the efficacy of 
sulfur nanoparticle as antimicrobial agent. The 
antimicrobial properties of elemental sulfur have 
long been recognized, and the use of Sulfur 
nanoparticles (SNPs) as antimicrobial agents 
was first proposed by [39]. Since then, [40] 
demonstrated that SNPs of about 150 nm in size 
exhibited antimicrobial activity against various 
microorganisms.  

Two sulfur nanoparticles were used in this study; 
SNP1 was mediated with Ocimum gratissimum 
plant extract while SNP2 was synthesized in the 
absence of O. gratissimum extract. O. 
gratissimum is commonly called ‘Efinrin nla’ and 
is widely cultivated in Nigeria for its medicinal 
use [41].  
 
Ocimum gratissimum phytochemical screening 
has indicated the presence of various 
phytoconstituents which has been shown to be 
active against several bacteria 
including Staphylococcus aureus, Listeria 
monocytogenes, Escherichia coli [42].  
 

SNP2 showed no antibacterial effect on all the 
bacteria (endophytic and clinical isolates) used in 
this study while SNP1 showed potential 
antibacterial effect on three of the five selected 
clinical isolates; Staphylococcus aureus were 
observed to have the highest susceptibility with 
diameter of 20.00mm; Escherichia coli and 
Salmonella pullorum showed the susceptibility 
diameter zone of 18.00mm. The endophytic 
bacterial isolates were also susceptible to the 
nanoparticles with lower diameter zones ranging 
from 9mm-14mm. 
 

Furthermore, comparing the efficacy of 
Sulfur/Ocimum gratissimum mediated 
nanoparticles (SNP1) with multiple disc 
antibiotics used, the endophytic bacterial 
isolates; Microbacterium lacticum and Bacillus 
amylolyticuswere found to be more susceptible to 
SNP1 than 40% (4 of 10) of antibiotics used 
while Cellulomonas flavigena was found to be 
more susceptible to SNP1 than 50% of 
antibiotics used. The selected clinical bacterial 
isolates; Staphylococcus aureus was found to be 
more susceptible to SNP1 than 80% (8 of 10) of 
antibiotics used, while Escherichia coli and 
Salmonella pullorum were found to be more 
susceptible than 30% and 100% of antibiotics 
used respectively. 
 

The Sulfur/Ocimum gratissimum mediated 
nanoparticles (SNP1) showed potential 
antibacterial activity, the amount of nanoparticle 
used maybe increased to achieve even better 
outcome. [40] demonstrated that SNPs has no 
toxicity to human cells, thereby making it more 
considerable as an alternative antimicrobial 
agent. It should be mentioned here that the 
nanoparticle efficacy over conventional 
antibiotics should be used to combat multiple 
resistant organism, due to their unique mode of 
action. it emerged as a novel alternative to 
overcome bacterial multidrug resistance 
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Source; [44] 

 
Fig. 8a. Schematic representation of possible mode of action of antibiotics against multiple 

resistant organism 
 

 
Source: [44] 

 
Fig. 8b. Schematic representation possible mode of action of nanoparticles against multiple 

resistant organism 
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encountered globally due to misuse of antibiotics. 
Use of nanoparticles as antimicrobial agents 
could overcome mechanisms of bacterial 
resistance as the microbicidal nature of 
nanoparticles result from direct contact with the 
bacterial cell wall, without the need to penetrate 
into the cell [43]. The development of 
antibacterial resistance to NPs are therefore less 
likely when compared to antibiotics. In the next 
figure, the mode of action of nanoparticle and 
antibiotics on antibacterial resistance is 
schematically representation demonstrated 
below in comparism, to show the efficacy of 
nanoparticle over conventional antibiotics. 
 
It should be clearly stated that the physical 
structure of the nanoparticle itself may have 
inherent antibacterial properties due to its 
membrane damaging abrasiveness, as seen in 
Graphene oxide nanoparticles. Enhanced 
release of antibacterial metal ions from the 
surface of nanoparticles is another mechanism 
which has been suggested. The low surface to 
volume ratio of the nanoparticles can increase 
the antimicrobial activity allowing greater 
interaction of the nanomaterial with the 
surrounding environment. Chemistry, particle 
size, particle shape, and zeta potential are 
among the most relevant variables affecting 
antibacterial activity [43]. 
 

5. CONCLUSION 
 
The global problem of antibiotic resistant 
organisms requires urgent action. There is a 
strong demand to develop novel antimicrobial 
materials, and the emergence of nano-
technology is creating a variety of options in this 
respect. Today, nanomaterials are a promising 
platform to control bacterial infections in a broad 
range of applications. In this study, Ocimum 
gratissimum mediated Sulfur nanoparticles 
(SNP1) were found to exhibit antibacterial activity 
against various bacterial species. The result of 
the antimicrobial susceptibility assay showed 
promising evidence for the antimicrobial effect of 
sulfur nanoparticles (SNP1) against multidrug 
resistant bacterial endophyte and even more 
profound effect on Staphylococcus aureus, 
Escherichia coliand Salmonella pullorum. 
Though, the efficacy of some antibiotics used in 
this study can also not be disregarded. The 
combination of sulfur nanoparticles and antibiotic 
may show better antibacterial activity as 
compared to nanoparticles alone or antibiotics 
alone. However, this topic deserves more 
attention and investigation regarding better 

standardization for comparative analysis, 
selective toxicity, clinical trials and dosage of 
sulfur nanoparticles. 
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