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ABSTRACT

Hydroalcoholic extracts have been prepared from Linum usitatissimum with maceration
method, which was later examined for its antimicrobial activity in the presence of CuS
nanoparticles by broth macrodilution and agar disc diffusion, and the determination of min-
imal inhibitory concentration of antibacterial agent required to inhibit growth of a pathogen,
i.e. minimal inhibitory concentration and the lowest concentration of an antibacterial agent
required to kill a particular bacterium, i.e. minimal bactericidal concentration were well elu-
cidated and evaluated for these materials. The superposition of metal nanoparticles with the
L. usitatissimum extracts was found to be effective in the eradication of the bacterial infec-
tions, and proved to be a good alternative of antibiotics. Antioxidant content of the extracts
was also determined and demonstrated the highest antioxidant activities associated with
the shoot of L. usitatissimum (Total phenolic content 1: 128.24 ± 1.127-mg gallic acid equiva-
lents/g of dried extract, DPPH: 30.57 ± 0.4% inhibition, Ferric reducing antioxidant power:
957.8 ± 3.81 μmol Fe(II)/mg of dried extract and Total Flavonoid Content: 2: 95.04 ± 0.53-mg
rutin equivalents (RuE)/g of dried extract).
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1. Introduction

Plants have been used as a source of medicine
from ages and today scientists recognize their value as
a source of new medicinal product or complimentary
to currently developed medicinal products [1] for the

augmentation purpose. The plant-based medicine
system plays an essential role in the health care as it
is estimated that about 80% of population was relay-
ing on traditional medicines as a primary health care
[2]. Nanotechnology is an interdisciplinary area of
science which has been burgeoning interest across the
globe with huge momentum to usher in forming
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nano-revolution. An important area in nanotechnology
deals with the synthesis of nanoparticles which has
encountered immense progress due to innumerable
applications in recent decades [3]. Nanoparticles are
particles less than 100 nm in diameter that exhibit new
and enhanced size-dependent properties compared to
its bulk material [4]. Metal nanoparticles have been
instrumental as these exhibit completely new or
improved properties compared with larger particles of
the bulk materials, and these novel properties are
derived due to the variation in specific characteristics
such as size, distribution, and morphology of the par-
ticles. Nanoparticles possess a higher surface area to
volume ratio with decrease in the size of the particles.
Specific surface area is relevant to catalytic activity
and other related properties [5–7].

Copper-based nanomaterials are used in a range of
established and emerging technologies that include
catalysts, printable electronics, magnetic storage, solar
energy conversion, wood protection, and antimicrobial
products [8–14]. Human beings have been using cop-
per (Cu) and Cu complexes for various purposes for
centuries, such as water purifiers, algaecides, fungi-
cides, and as antibacterial and antifouling agents [15].
CuS nanoparticles have several advantages such as
the low cost, simple and easy preparation, and small
size for targeting [16]. Several researchers synthesize
nanoparticles that posses the antimicrobial properties
also [17–40], but none of them combined it with plant
extracts.

The present study was focused on the synthesis
and characterization of CuS nanoparticles. Later on,
the enhancement of CuS nanoparticles by plant extract
of L. usitatissimum (CuS/extract) as an antimicrobial
agent and as antibiotic in the modern treatment was
well elucidated and investigated.

2. Experimental

2.1. Materials and methods

All chemicals including copper acetate, zinc acet-
ate, thioacetamide, tri-sodium citrate, Mueller Hinton
Broth, Mueller Hinton Agar and Sabouraud Dextrose
Agar, Folin–Ciocalteu reagent, sodium carbonate, and
Gallic acid with the highest purity available were pur-
chased from Merck (Darmstadt, Germany). Ammonia
solution (25% w/w) was provided from chem. Lab
Company. Double-distilled water was used for further
dilution throughout the study.

UV–vis spectral analysis of CuS nanoparticles and
optical absorption measurements of the particles were
carried out on a Perkin Elmer Lambda 25 spectropho-
tometer at room temperature in the wavelength range

300–800 nm. The band gap energy value was esti-
mated from the UV–visible spectroscopic data. The
surface textural and morphological properties of the
nanoparticles were investigated by field emission
scanning electron microscopy (FE-SEM: Hitachi S-
4160) under an acceleration voltage of 30 kV. For FE-
SEM, it is necessary to coat the nanoparticles with
gold, which was carried out by an Auto Fine Coater
(JFC-1300, JEOL).

The morphology and particle size distribution of
the nanoparticles were determined using a transmis-
sion electron microscopy (TEM jeol 300 kV); the TEM
images show that the synthesized CuS nanoparticles
were within the size of about 10–20 nm. Further, X-ray
diffraction (XRD) analysis has been carried out to con-
firm the crystallinity of the synthesized CuS nanopar-
ticles. XRD pattern was recorded by an automated
Philips X’Pert X-ray diffractometer with Cu–Kα radia-
tion (40 kV and 30 mA) for 2θ values over 30˚–75˚ (for
CuS-NPs).

2.2. Synthesis of copper sulfide nanoparticles

The CuS nanoparticles were synthesized by the
reaction of the precursor material, i.e. Copper(II)
acetate [Cu(CH3COO)2·H2O], with thioacetamide
[CH3CSNH2] in aqueous media. In a typical synthesis
procedure, 10 mL of a 0.1 mol L−1 [Cu
(CH3COO)2·H2O] and 20-mL 0.2 mol L−1 tri-sodium
citrate as capping agents were taken in a 100-mL bea-
ker. In the next step, 5 mL of 0.4 mol L−1 thioac-
etamide (TAA) as source for S2− ions was added to it
slowly. Finally, double-distilled water was added to
the solution to make the volume close to 100 mL and
the solution was stirred well for 1 min. The resulting
mixture was placed at room temperature and the
citrate-stabilized CuS nanoparticles started to grow
slowly. Initially, the color of the solution was blue, but
after several minutes, it turned green, and then shifted
to brown rapidly [41,42].

2.3. Preparation of plant extract

Root and shoot of L. usitatissimum were first
washed thoroughly to remove impurities, dried, and
then grinded in the form of fine powder. To prepare
extracts, the powder (10 gm dry weight) was extracted
with 50 ml of absolute ethanol/water (80:20) and kept
in a shaker for 48 h. The extract was then centrifuged
for 20 min and the supernatant was collected. Solvent
was removed with the help of a rotary evaporator and
stored at −20˚C.
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2.4. Antimicrobial bioassay procedure

Well diffusion and broth macrodilution methods
were used to elucidate and investigate the antimicro-
bial activities of the synthesized CuS-NPs. Broth dilu-
tion method was performed for antibacterial tests. All
the glassware, media, and reagents used in the tests
were sterilized in an autoclave at 121˚C, 103 kPa pres-
sures for 21 min prior to the tests. In vitro antibacterial
and antifungal properties of the root and shoot of L.
usitatissimum extracts with CuS nanoparticles were
tested against Gram-positive (Staphylococcus aureus:
ATCC 25293) and Gram-negative (A. Baumannii ATCC:
150504, Klebsiella pneumonia: ATCC 1827, and Escheri-
chia coli: ATCC 33218) bacteria and fungi (Aspergillus
oryzae PTCC 5164). Whatman filter paper no. 1 disks
of 6-mm diameter were impregnated with 20-μL
CuS-NPs dose (prepared in dimethyl sulfoxide) of
20-mg/mL concentration. The disks were incubated at
37˚C for 24 h and then impregnated on petri plates,
with pre-grown microbial culture in it.

2.4.1. Antimicrobial screening using broth dilution
method

Broth dilution method was performed to screen
the antibacterial activity of the developed mixture.
The process was carried out as follows: serial dilution
of extracts was performed and nanoparticles in DMSO
were used as solvent to obtain a series of concentra-
tions; later, Muller Hinton broth was used as the basal
media and the bacteria were incubated at 37˚C for
24 h. Minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) values of
extracts and nanoparticles against the bacterial strains
were determined according to the method reported
elsewhere [43]. The MIC of the compounds was calcu-
lated against a specified bacterium based on a broth
dilution method. In this method, series of concentra-
tions of extracts and nanoparticles (CuS-NP’s) were
prepared in sterile test tubes using serial dilution
method. Then, 0.65 mL of sterile Muller Hinton broth
medium was added to 0.1 mL of bacterium culture
test tubes and the test tubes were incubated at 37˚C
for 24 h. MIC is determined as the lowest concentra-
tion of antibacterial agent that inhibits the visible
growth of or reduces the number of colonies of the
micro-organism. MBC of CuS-NPs was investigated
according to the method reported elsewhere [23].
MBC is determined as the lowest concentration of
antimicrobial agent that kills all the test micro-
organism, with complete absence of microbial growth
(Table 1).

2.4.2. Antimicrobial screening using disk diffusion
method

Antibacterial activity of CuS-NPs was also tested
by agar disk diffusion method reported elsewhere
[44]. Hundred microliters of fresh bacterial culture
was gently spread on the agar surface [43]. The bacte-
rial concentration utilized was of 5 × 105 CFU/ml. Fil-
ter paper disks of 6-mm diameter, impregnated with
20-μL dose of CuS-NPs with concentration 20 mg/mL,
were used for screening antibacterial activities against
K. pneumonia, A. Baumannii, E. coli, and S. aureus
grown on culture plates. Culture plates were incu-
bated at 37˚C for 24 h. After incubation, inhibition
zone of bacterial growth was measured in mm. Gen-
tamicin and Cephalexin (10 μg per 100 μl) were used as
controlled antibacterial agents, Table 2.

2.4.3. Antifungal screening using disk diffusion method

A. oryzae (PTCC 5164) was used for investigating
the antifungal activities of the extract with CuS
nanoparticles by the disk diffusion method on the sur-
face of Sabouraud Dextrose Agar inoculated with 105

(CFU/mL) of spore suspension of fungi. The petri
dishes of A. oryzae medium were incubated at 30˚C for
24–48 h. The disks impregnated in extract/nanoparti-
cles solution (containing 20 μL of 600 μg/mL μg of
extracts and CuS nanoparticles (1:1) in 5% DMSO)
were put at different positions on the agar surface
[43]. Finally, antifungal activities of the compounds
were evaluated as diameter of inhibition zone from
the fungal strains’ growth. Antifungal activities of
standard drug including Amphotericin B (10 μg per
100 μl) have been presented in Table 3.

Table 1
Review of sensitivity of bacteria by broth dilution method
(MIC and MBC)

Bacteria

CuS-Shoot of
L. usitatissimum

CuS-Root of
L. usitatissimum

MICb MBCb MICa MBCa

Klebsiella pneumonia 1.16 4.65 2.38 9.54
Acinetobacter

baumannii
0.14 2.33 74.50b 0.15

Escherichia coli 9.31 18.62 9.54 19.08
Staphylococcus

aureus
0.29 4.650 1.2 2.38

aConcentrations (ng/ml).
bConcentrations (pg/ml).
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2.5. Determination of the total phenolic content

The total phenolic content (TPC) of the L. usitatissi-
mum extracts was determined using Folin–Ciocalteu
reagent [45]. Hundred microliters of the diluted
ethanolic extracts containing 500-μg extract was mixed
separately with (500 μl) Folin–Ciocalteu reagent and
diluted with distilled water and 0.4 ml of (7.5% w/v)
sodium carbonate solution (Na2CO3). The solution
was mixed and allowed to stand for 1 h at room tem-
perature. Gallic acid solution (from 25 to 300 μg/ml)
was used as a standard reagent. Finally, the absor-
bance was measured at 765 nm using a UV–vis spec-
trophotometer. A calibration curve was prepared
using standard solutions of gallic acid. The results
were expressed as mg gallic acid equivalents (GAE)/g
of the dried extract.

2.6. Determination of total flavonoid

Total flavonoid content of extracts was also deter-
mined [46]. One milligram of extracts was diluted
with 1,000 μl of distilled water and 100 μl of 5%
NaNO2 solution was added. The mixture was kept at
room temperature for 5 min and then 200 μl of 10%
AlCl3 was added to it. This mixture was incubated at
room temperature for 6 min then 1 ml of 1 M NaOH
was added to the mixture. The solution absorbance at
510 nm was measured with a UV–vis spectrophotome-
ter. The concentration of the flavonoid compounds
was calculated using the equation that was obtained
from the rutin (50–500 μg/ml) calibration curve.

2.7. Scavenging effect on 2,2-diphenyl-1-picrylhydrazyl

Free radical scavenging activity was estimated by
2,2-diphenyl-1-picryl-hydrazyl (DPPH) assay using von
Gadow method with some modifications [47]. 2.4 ml of
DPPH radical solution (24 μg/ml) was prepared in 70%
aqueous ethanol. The reaction mixture contained 100 μl
of test extracts and 1 ml of methanolic solution of
(24 μg/ml) of DPPH radical. The mixture was then sha-
ken vigorously and incubated at 37˚C for 10 min. The
absorbance was measured at 517 nm using trolex solu-
tions (100–1,000 μg/ml) as a standard. Lower absor-
bance of the reaction mixture indicated higher free
radical scavenging activity which was calculated using
the following equation: DPPH scavenging effects (%)
= 100 × (Ac–As)/(Ac), where Ac is the absorbance of
the control reaction and As is the absorbance of reaction
mixture containing DPPH and extract at 517 nm.

2.8. Ferric reducing antioxidant power

Freshly prepared Ferric reducing antioxidant
power (FRAP) reagent contained 5 mL of a 10 mM
TPTZ (2,4,6-tripyridyl-2-triazine) solution in 40 mM
HCl; 5 mL of 20 mM FeCl3·6H2O; and 50 ml of 300
mM acetate buffer (pH 3.6) and was heated at 37˚C.
Hundred microliters of various extracts (10 mg/ml)
was mixed with 900 μl of FRAP reagent and the mix-
ture was then incubated at 37˚C for 6 min. FRAP of
the extracts was determined by modified Benzie and
Strain method [48]. The absorbance of the colored
reaction mixture (ferrous tripyridyltriazine complex)
was measured at 595 nm using standard trolox
(1 mg/ml) to estimate the percentage of iron reduced.
The standard curve was constructed using iron(II) sul-
fate solution, and the results were expressed as μmol
Fe(II)/mg of dried extract.

2.9. FT-IR Spectrum analysis of Linum usitatissimum

FT-IR (JASCO FT/IR-460 System in the
400–4,000 cm−1, Japan) relies on the fact that most

Table 2
Antibacterial activity as diameter of zone of inhibitiona (mm) around the constructed disks

Bacteria CuS-Shoot of L. usitatissimum CuS-Root of L. usitatissimum Cephalexin Gentamicin

Klebsiella pneumonia 12.06 13.20 9.13 9.44
Acinetobacter baumannii 17.56 23.60 10.00 11.80
Escherichia coli 12.46 13.08 –b 10.00
Staphylococcus aureus 12.04 11.70 12.00 10.11

aAll data are the mean of three measurements.
bNo zone of inhibition.

Table 3
Antifungal activity as diameter of zone of inhibitiona (mm)
around the constructed disks

Compound (mg/disk) Aspergillus oryzae

Root of L. usitatissimum/CuS 11.96
Shoot of L. usitatissimum/CuS 11.57
Amphotericin B 11.00

aAll data are the mean of three measurements.
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molecules absorb light in the infrared region of the
electromagnetic spectrum. This absorption corre-
sponds specifically to the bonds present in the mole-
cule. The frequency ranges are measured as wave
numbers typically over the range 4,000–400 cm−1.
Fig. 1 shows the FT-IR peaks of dried L. usitatissimum
extract; the presence of hydroxyl group in alcoholic
and phenolic compounds was supported by the pres-
ence of a strong peak at approximately 3,397.96 cm−1.
The absorbance bands at 2,933, 1,621, 1,402, 1,265,
1,058, and 595 cm−1 are associated with the stretch
vibrations of alkyl C–C, conjugated C–C with a ben-
zene ring, bending in plate of C–O–H, C–O stretch,
and bending out of plate C–H in saturated tertiary or
secondary highly symmetric alcohol in L. usitatissimum
extract, respectively.

3. Results and discussion

3.1. XRD, SEM, and TEM analyses

Absorption spectra measurements were extended
to much longer times than the 30 min shown in
(Fig. 2(A)); the CuS nanoparticles’ suspension shows a
well-resolved absorption maximum of the first elec-
tronic transition indicating a sufficiently narrow size
distribution of the CuS nanoparticles, which shifts to
shorter wavelengths with decreasing size of the
nanoparticles as a consequence of quantum confine-
ment. As Fig. 2 exhibits, the citrate-capped CuS
nanoparticles have absorption edges in the range 390–
416 nm. From the absorption spectra, energy band gap

(Eg) of CuS nanoparticles was obtained using the
following relation (Fig. 2(B)) [49]:

ðahtÞ ¼ AðEg � htÞn=2 (1)

where hν is the incident photon energy, A is a con-
stant, and the exponent n depends on the type of tran-
sition, n = 1 and 4 for direct and indirect transitions,
respectively. As we know, semiconductors such as
CuS are considered as direct band gap semiconduc-
tors. A typical graph of (αhν)2 vs. energy (hν) for CuS
nanoparticles synthesized at different times is plotted.
The band gap energy is obtained by extrapolating the
linear portion of (αhν)2 vs. hν plot to the energy axis at
α = 0. The straight-line characteristic of the curve indi-
cated that the CuS nanoparticles have direct band gap
in the range 2.98–3.17 eV, while the bulk material has
a band of 2.2 eV [50]. This increase in Eg of the CuS
nanoparticles can be assigned to the quantum size
effect as expected from the nanocrystalline nature of
the CuS nanoparticles [51].

Fig. 3 reveals the XRD pattern obtained by scan-
ning 2θ for the powder of CuS nanoparticles prepared
at room temperature. It exhibits seven major diffrac-
tion peaks related to the diffraction angles 32.33˚
(1 0 1), 34.25˚ (1 0 2), 37.13˚ (1 0 3), 38.20˚ (0 0 6), 56.37˚
(1 1 0), 62.23˚ (1 0 8), and 70.20˚ (1 1 6). This pattern
confirmed the formation of a hexagonal covellite
phase (CuS), which has good agreement with the
standard XRD pattern (Joint Committee for Powder

Fig. 1. Fourier transform infrared absorption spectra of dried L. usitatissimum extract.
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Diffraction Standards, JCPDS card No. 24-0060) [52].
The average nanocrystallite’s size (D) is estimated
according to the Debye–Scherer equation [53]:

D ¼ Kk
b cos h

(2)

The surface morphology and textural properties of the
prepared CuS nanoparticles were investigated by FE-
SEM (Fig. 4(A)). Morphology and size of the prepared
CuS nanoparticles were also investigated by TEM
technique. The TEM images of CuS are shown in
(Fig. 4(B)). In TEM images, the rod nanoparticles were
about 20 nm.

3.2. Antimicrobial bioassays (in vitro)

The compounds were tested against Gram-positive
(S. aureus: ATCC 25293) and Gram-negative (A.
Baumannii: ATCC150504, K. pneumonia: ATCC1827,
and E. coli: ATCC 33218) bacteria. The antibacterial
activities with agar diffusion method data of the com-
pounds have been compiled in (Table 2). In L. usitatis-
simum, shoot extract loaded with CuS nanoparticles
exhibited higher antibacterial activities against all bac-
terial strains. Obtained results revealed that the shoot
extract possess more effective antibacterial properties
in comparison with the root extract loaded with CuS
nanoparticles; while in case of antifungal properties,
obtained results revealed that the root extract loaded
with CuS nanoparticles possess more effective antifun-
gal properties in comparison with the shoot extract
loaded with CuS nanoparticles. The image of inhibi-
tion zones around constructed disks and MBC are
shown in (Fig. 5). Antibacterial effects of metallic
nanoparticles are stronger than other nanomaterials,
which exhibit increasing chemical activity due to their
large surface to volume ratios and crystallographic
surface structure. Using medicinal plant extracts with
metal nanoparticles can be effective to eliminate bacte-
rial infections, as an alternative to antibiotics. The anti-
fungal activities of CuS-NPs as zone diameter of
inhibition (mm) from the growth were tested against
A. oryzae as fungal strains according to the defined
method [54]. Antifungal activities of the constructed
disks showed considerable difference for compounds

Fig. 2. (A) Evolution of absorption spectra of the CuS nanoparticles taken at 5-min intervals following the initiation of the
reaction for the first 30 min and (B) the plot of (αhυ)2 vs. band gap (eV).

Fig. 3. XRD pattern of the CuS nanoparticles.
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(Table 3). Shoot extract of L. usitatissimum/CuS was
more effective than root.

3.3. Total flavonoid and phenolic contents

Flavonoids are polyphenolic compounds which
play an important role in stabilizing lipid oxidation
are also associated with anti-oxidative action [55]. Fla-
vonoids found ubiquitously in plants are the most
common group of phytophenolics. Flavonoid content
of the extracts in terms of (mg/g) rutin equivalents
was recorded.

Phenols are the simplest bioactive photochemicals,
which posses the ability to act as free radical scav-
engers due to the presence of hydroxyl groups (–OH).

The active sites and the number of hydroxyl groups
are directly related to their relative toxicity for the
micro-organisms and recently it was discovered that
the increase in the hydroxyl groups or hydroxylation
sites leads to the increase in the toxicity properties of
these compounds [56]. The phenolic contents of
hydroalcoholic extracts of plants were tested using the
diluted Folin–Ciocalteu reagent (FCR). Phenolic com-
pounds react with FCR only under basic conditions
(adjusted by a sodium carbonate solution to pH 10).
Dissociation of a phenolic proton leads to a phenolate
anion, which is capable of reducing FCR. The reaction
occurs through electron transfer mechanism. The blue
compounds formed between phenolate and FCR are
independent of the structure of phenolic compounds,

Fig. 4. FE-SEM (A) and TEM and (B) images of CuS nanoparticles.

Fig. 5. Some images of inhibition zones around constructed disks on agar plates. (A and B) Root extract/CuS and shoot
extract/CuS against A. baumannii and Staphylococcus aureus, (C) Root extract/CuS and shoot extract/CuS against A. oryzae,
respectively.
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therefore ruling out the possibility of coordination
complexes formed between the metal center and the
phenolic compounds. It is believed that FCR contains
hetero polyphosphotunstates molybdates [57]. The
highest contents of total flavonoids and phenols were
observed in the shoot of L. usitatissimum (Table 4 and
Fig. 6).

3.4. Antioxidant capacity

Recently, the use of antioxidants is proposed to
protect people from oxidative stress damages. This
study indicated that higher concentration of phenolic
compounds in hydroalcoholic extracts improved
antioxidant activity. These plants can be used as a
source of natural antioxidants to remove harmful
effects of free radicals. The in vitro antioxidant activity
of test extracts was estimated using DPPH and FRAP
assays. DPPH radical scavenging activity test measures
the capacity of the extracts to scavenge the stable radi-
cal 2,2-diphenyl-1-picrylhydrazyl. If the extracts have
this capacity, the initial blue/purple solution will
change to a yellow color due to the formation of diphe-
nyl picryl hydrazine. The antioxidants reacted with
DPPH, a purple-colored stable free radical, which
accepts an electron or hydrogen radical to become a
stable diamagnetic molecule. The amount of DPPH
reduced was estimated by measuring the decrease in
absorbance at 517 nm [57]. The highest DPPH radical
scavenging and ferric reducing power (FRP) was
obtained by aqueous/ethanolic extract of L. usitatissi-
mum shoot (Bois leaves 30.57 ± 0.69% and 957.330
± 3.81) (Fig. 7) and results are presented in Table 4.
FRAP, on the other hand, gives a direct measure of
antioxidants or reductants in a sample which react
with ferric tripyridyltriazine (Fe3+ TPTZ) complex and
produce a colored product, ferrous tripyridyltriazine
(Fe2+ TPTZ) [57]. FRAP assay is a simple assay that
gives fast and reproducible results. In this assay,
antioxidants in test samples reduced the ferricyanide
complex to the ferrous form by donating an electron.
Fe3+ reduction is often used as an indicator of electron-
donating activity, which is an important mechanism of

phenolic antioxidant action. L. usitatissimum plant
powder showed the characteristic fluorescence when
treated with different reagents which supported results
of phytochemical studies. Preliminary phytochemical

Table 4
Total phenolic and flavonoid content and antioxidant activity of hydroalcoholic extracts

Extracts TPCa TFb (DPPH) inhibition % FRAPc

Root of L. usitatissimum 85.73 ± 0.66 51.1 ± 0.37 19.17 ± 0.57 546.3 ± 2.23
Shoot of L. usitatissimum 128.24 ± 1.127 95.04 ± 0.53 30.57 ± 0.4 957.8 ± 3.81

aTPC: total phenolic content, mg gallic acid equivalent/g of dried extract.

bTF: total flavonoid content, mg rutin equivalents (RuE)/g of dried extract.
cFRP: ferric reducing power content, μmol Fe(II)/mg of dried extract.
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Fig. 6. Total flavonoids and total pheonlic content present
in root and shoot extract of L. usitatissimum (TPC: mg gal-
lic acid equivalent/g of dried extract and TF: mg rutin
equivalents (RuE)/g of dried extract).
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Fig. 7. Comparison of inhibition percent.
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investigations in plant L. usitatissimum powder showed
the presence of flavonoids, tannins, sterols, phenolic
compounds, and saponins (Table 5). The different
types of functional groups of L. usitatissimum extract
are identified in Fig. 7 and Table 5.

4. Conclusions

In the present study, the antibacterial and antifun-
gal properties of CuS nanoparticles combined with
root and shoot extracts from L. usitatissimum were
screened against one type of Gram-positive and three
Gram-negative bacteria: S. aureus, A. Baumannii, and
A. oryzae fungal, using agar well diffusion method
and comparing their antibacterial activities with the
antibiotics Gentamicin, Cephalexin, and Amphotericin B.
Information of MIC and MBC of both samples showed
that biological CuS nanoparticles have more antibacte-
rial and antifungal effects than CuS nanoparticles.
Therefore, by completion of these experiments, the use
of metal nanoparticles with plant extracts in sensitive
environments, such as hospital, is suggested. Among
the most promising nanomaterials with antibacterial
properties are metallic nanoparticles, which exhibit
increasing chemical activity due to their large surface
to volume ratios and crystallographic surface struc-
ture. Using medicinal plant extracts with metal
nanoparticles can be effective in eliminating bacterial
infections, as an alternative to antibiotics. L. usitatissi-
mum is an abundant source of lignins, which have
antioxidant properties and significantly reduce the
effects of free radicals. The antioxidant content of the
extracts was also determined and demonstrated the
highest antioxidant activities associated with the shoot
of L. usitatissimum (TPC 1: 128.24 ± 1.127-mg gallic
acid equivalents/g of dried extract, DPPH: 30.57
± 0.4% inhibition, FRAP: 957.8 ± 3.81 μmol Fe(II)/mg
of dried extract, and Total Flavonoid Content: 2: 95.04
± 0.53-mg rutin equivalents (RuE)/g of dried extract).
The CuS-NPs showed strong activity against all
micro-organisms tested.
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