'.) Check for updates

International Journal of

Food Science

+Technology

Institute of
Food Science
+Technology

International Journal of Food Science and Technology 2023, 58, 2883-2892

Original article

Green synthesis of copper nanoparticles from Nigella sativa seed
extract and evaluation of their antibacterial and antiobesity activity

Mukul Kumar,l*
Emel Oz,°
& Fatih 0z’*

Deepika Kaushik,2 Ashwani Kumar,
Elif Orhan,® Jasjit Kaur,! Mohammad Rizwan Khan,’

Prerna Gupta,’' Charalampos Proestos,*
Tahra Elobeid,® () Matteo Bordiga’

1 Department of Food Technology and Nutrition, Lovely Professional University, 144411, Phagwara, India
2 Department of Biotechnology, Faculty of Applied Sciences and Biotechnology, Shoolini University, Solan 173229, India
3 Department of Postharvest Technology, College of Horticulture and Forestry, Rani Lakshmi Bai Central Agricultural University, Jhansi

284003, India

4 Food Chemistry Laboratory, Department of Chemistry, National and Kapodistrian University of Athens Zographou, Athens 15784, Greece
5 Department of Food Engineering, Faculty of Agriculture, Ataturk University, Erzurum 25240, Turkey

6 Department of Physics, Gazi University, Ankara 06500, Turkey

7 Department of Chemistry, College of Science, King Saud University, Riyadh 11451, Saudi Arabia
8 Human Nutrition Department, College of Health Sciences, QU Health, Qatar University, Doha 2713, Qatar
9 Department of Pharmaceutical Sciences, Universita degli Studi del Piemonte Orientale “A. Avogadro”, Largo Donegani 2, Novara 28100,

Italy

(Received 6 January 2023; Accepted in revised form 16 February 2023)

Summary

In this study, the copper nanoparticles were synthesized using various concentrations (5%, 6 %, 8%, and

10%) of Nigella sativa seed extracts, and their antibacterial and antiobesity effect was evaluated. The opti-
mum particle size (98.23 nm) of nanoparticles was obtained at an extract concentration of 8%. FTIR
results confirmed the functional groups responsible for copper ion reduction, The synthesized nanoparti-
cles exhibited high antibacterial activity against Pseudomonas aeruginosa and Escherichia coli having inhi-
bition zone of 25 mm and 24 mm, respectively. Significantly (P < 0.005) percent lipase and amylase
inhibition assay of copper nanoparticles confirmed their antiobesity activities.
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Introduction

Nanotechnology is one of the most promising tech-
nologies used in different fields of science, which
practised at the nanoscale (about 1-100 nm) (Kirtane
et al., 2021). Nanotechnology and nanoscience are
studies including the use of small-size and large
surface-to-volume ratios that result in physical and
chemical differences in their properties like biological
properties, mechanical properties, catalytic activity,
sterical properties, materials science, melting point,
electrical conductivity, thermal conductivity, optical
absorption, medical imaging, filters, nanocomposites,
filters, hyperthermia of tumours, and drug delivery
in comparison to the bulk of the same chemical
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components (Ambika & Sundrarajan, 2015; Khatoon
et al., 2023). The increase in surface energy of these
nanoparticles also boosted their biological effects
(Khan et al., 2019). Therefore, by regulating shape
and size at a nanometre scale, it is possible to design
and produce materials with novel uses. Nanoparticles
display shape and size-dependent properties, which
are of interest for various uses such as bio-sensing,
catalysts to optics, computer transistors, antimicrobial
activity, electrometers, wireless electronic logic, mem-
ory schemes, and chemical sensors (Alavi & Mor-
adi, 2022; Dat et al., 2023). Metal nanoparticles are
extensively used in the areas of medicine and
pharmacy.

The most widely utilised nanoparticles in biomedical
applications and the rapidly developing fields of nano-
biotechnology, detection chronocoulometry, resonance
imaging, amplified voltammetricc, and Raman
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spectroscopy are gold, nickel oxide and silver nanopar-
ticles (Kunc et al., 2022). Moreover, copper can induce
apoptosis in chronic lymphoid leukaemia (B cell-
chronic lymphocytic leukaemia). Its wide range of uses
in integrated circuits, bio-labelling, sensors, filters, cell
electrodes, antimicrobial deodorant fibres, and antimi-
crobials have drawn the attention of researchers
(Ahluwalia et al., 2018). Similarly, silver nanoparticles
can be used in different areas of medicine, various
industries, packaging, animal husbandry, cosmetics,
health, accessories, and the military, due to their anti-
microbial applications (Pandit, 2015). Silver nanoparti-
cles show effective antimicrobial properties against
harmful organisms such as Bacillus subtilis, Escherichia
coli, Vibrio cholera, Syphilis typhus, Pseudomonas aeru-
ginosa, and Staphylococcus aureus (Firdhouse &
Lalitha, 2016; Siddiqi et al., 2018). Furthermore, metal
nanoparticle biosynthesis (green chemistry method) is
eco-friendly without using toxic, harsh, costly chemi-
cals (Rabiee er al., 2023). For instance, the chemical
reduction method (e.g., sodium borohydride, hydrazine
hydrate, ethylene glycol, and dimethylformamide
(DMF)) used to produce silver nanoparticles may
cause the harsh substance to absorb on the nanoparti-
cles’ surfaces, leading to toxicity issue. Although nano-
particles have long been produced chemically and
physically, recent developments highlight the crucial
role of microorganisms and biological systems in
developing metal nanoparticles (Das et al., 2017). Due
to their increasing success and convenience in produc-
ing nanoparticles, the use of organisms in this field is
rapidly growing (Shevchenko et al., 2022). The organ-
isms utilised in the synthesis of nanoparticles range
from simple prokaryotic cells (such as bacterial cells)
to complex eukaryotes. The ability of organisms to
develop metal nanoparticles has shown a novel and
exciting approach to producing these natural nano-
factories (Ghosh et al., 2021).

Plants’ different parts such as stem, fruit, root,
flower and leaf are the good source of phytochemical
(i.e., polyphenols, terpenoids, polyols) which help in
detoxification of heavy metal, bioreduction of metallic
ions, and environmental problems (Jadoun et al,
2021). It also contains the capping and reducing agents
that show the higher stabilising and binding properties
to prevent the steric and agglomeration hindrance
(Sidhu et al., 2022). It also helps in inhibition of nano-
particles over growth and stabilising the nanoparticles
interaction within the medium (Javed et al., 2020). At
present, commercially the demand of the green synthe-
sis nanoparticle is increasing in different sectors such
as food, pharma, energy, chemical. Therefore, the pre-
sent study was conducted to develop the green synthe-
sis of copper nanoparticles by using Nigella sativa
seeds to check their antibacterial and anti-obesity
efficiency.
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Materials and methods

Materials

Nigella sativa (black cumin) seeds were obtained from
the high-altitude region of Kinnaur, Himachal Pra-
desh. The various chemicals used in the research work
were of analytical grades such as copper sulphate
(CuS04.5H50), potassium iodide, iodine crystal,
sodium acetate (CoH3NaQO,), acetic acid (CH;COOH),
sodium hydroxide (NaOH), hydrochloric acid (HCI),
nitric acid (HNOj), lecithin (C35sHggNO5P), sodium
cholate (C,4H39NaOs), glyceryl trioleate (Cs7H{0404),
tris base (C4H;;NO;3) and lipase were procured from
Sigma Aldrich, St. Louis, MO, USA of A.R. grade.
Antibiotic (Ampicillin), nutrient agar, was used of
HiMedia, Mumbai, India. Bacterial Cultures (i.e.,
Staphylococcus aureus (MTCC 3160), Escherichia coli
(MTCC 443), Klebsiella pneumonia (MTCC 3384), and
Pseudomonas aeruginosa (MTCC 424)) were procured
from the Microbial Type Culture Collection (MTCC),
Institute of Microbial Technology, Chandigarh, India.
Milli Q water, double distilled water, and various clas-
ses “A” certified glassware was used throughout the
research.

Extraction of plant extract

Nigella sativa seeds were extracted using the aqueous
solvent (double distilled water) extraction method
(1:10). Firstly, the grinding of Nigella sativa seeds was
done, and a 5 g sample was dissolved in an aqueous
solvent. After that, the liquid extract was placed on
the hot plate at 30 °C for 40 min to give the treat-
ment, and allowing the mixture to cool at the room
temperature. Then filtered, the extract mixture by
using Whatman filter paper no.l and centrifugation
was done for 10 min at 5000 rpm. The supernatant
was collected and stored in glass bottles for further
use (Kanth et al., 2019).

Synthesis of copper nanoparticles (CuNPs) using plant
extract

The reduction of copper sulphate with seed extract
was made by the method given by Singh
et al. (2016). And 0.05 M solution of copper sulphate
(i.e., 1.25 g) taken in the 100 mL of the conical flask
was heated up to 80 °C on a hot plate (Thermo
Fisher Scientific, Mumbai, India), and 25 mL of seed
extract was added dropwise with micropipette with
constant stirring by magnetic stirrer at 150 rpm
(M3D, Eltak DIGIMAG, India). Copper sulphate
reduction occurred, and the colour changed from blue
to green, confirming the complete reaction. For opti-
mization of plant-stabilised copper nanoparticles
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(CuNPs), the concentration of copper sulphate was
kept constant (i.e., 25 mL), and different concentra-
tions of seed extract (5%, 6%, 8%, and 10%) were
used, respectively. The different concentration of
herbal extract was used to observe the reduction on
the size of copper ions due to presence of flavones,
phenols, polysaccharides, and terepenoids (Mittal
et al., 2013).

Characterisation of green synthesised CuNPs

UV-Visible spectrophotometer

Chemical reduction of copper sulphate by plant extract
in the reaction mixture was observed by using UV-
Visible Spectrophotometer (Evolution 201, Thermo
Fischer Scientific India Pvt. Ltd, Mumbai). It is also
used to measure the solution’s concentration and iden-
tify organic compounds by determining the maximum
absorption of the solution. Measurements were then
recorded in the range between 280-500 nm. The quartz
cuvettes of 2.5 mL with 1 cm path length were used
(Kaushik et al., 2018).

Fourier transform infrared spectroscopy (FTIR)
Fourier-transform  infrared spectroscopy (Agilent
Technology) was used to find out the functional group
present in the ethanolic herb extract of ratio 1:10 (1 g
extract and 10 mL ethanol) at a range 4000-
6500 cm™" with Attenuated Transmission (ATR) and
an internal reflection accessory comprised of Compos-
ite Zinc Selenide (ZnSe) and Diamond 144 crystals
(Shimadzu IR Prestige-21 equipment) (Depciuch et al.,
2018).

Dynamic light scattering (DLS)

The dynamic light scattering technique was used to
determine the particle size of copper nanoparticle sam-
ples at 25 °C. Multiple scattering is a component of
the laser diffraction method. Based on the Mie scatter-
ing theory, it has been used to measure the powder’s
particle size distribution. The experiment was con-
ducted in a computer-controlled particle size analyser
[ZETA Sizers nano series (Malvern Instruments Nano
Z.S.)] to determine the particle size distribution (Wasi-
lewska et al., 2009).

Applications of green synthesised CuNPs

Agar-well diffusion method

The test organisms were freshly seeded on a plate, and
the antibacterial potential of the nanoparticles was
allowed to permeate into the medium and interact with
them. The diameter of the generated inhibition zones
was used to calculate their sizes. An overnight bacte-
rial culture was inoculated on the Petri plates with
20 mL of nutrient agar medium, and the nutrient agar
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(N.A.) was allowed to solidify. Then inoculum
(100 pL) was allowed to dry in laminar airflow (Sanco
Vertical Laminar Air Flow, India) for 5 min. The
seeded agar plate was punctured with 6 mm diameter
wells using a cork borer. Using a micropipette, 100 pL
of the copper nanoparticles solution was added. Anti-
biotic discs with ampicillin were employed as a positive
control. The plates were then kept in the incubator
(Adarsh Company, ISO-certified India) for 24 h at
37 °C. By measuring the diameter of the zone of inhi-
bition that developed around the well, the antibacterial
activity was evaluated. The test microorganism’s
growth and germination are often inhibited by anti-
bacterial drugs that diffuse into the agar, and the
diameters of these inhibition zones were determined
(Nalawade et al., 2016).

Lipase inhibition assay

Lipase inhibitory assay of the extracts was performed
using the method given by Kumar er al. (2020). The
solution of the substrate was made in 0.1 M TES buffer
(9 mL) (pH 7.0) by mixing 10 mg of lecithin, 5 mg of
sodium cholate, and 80 mg of glycerol trioleate. And
10 pL of lipase solution was mixed with the 20 pL of
sample and 20 pL of substrate solution in a microplate
well and then incubated at 37 °C for 30 min. The optical
density was measured at 550 nm using an ELISA (Bio-
tek) reader. Lipase inhibitory (%) activity was calculated
using the formula:

Lipase inhibition (%)
— {1-(0OD2-0D1)/(OD4—0D3) x 100}

Where, OD1 = the solution optical density of plant
extract, lipase, and substrate, OD2 = the solution opti-
cal density of plant extract and substrate, OD3 = the
solution optical density of lipase and substrate,
OD4 = the solution optical density of substrate.

Amylase inhibition assay

The amylase inhibition activity was calculated using the
method given by Kumar et al. (2020). The solution of
the substrate was prepared by mixing 500 mg of soluble
starch in 0.4 M NaOH (25 mL) and heating at 100 °C
for 5 min. Using HCI, the solution pH was adjusted to
7.0, and the volume was made to 100 mL using distilled
water. Different concentrations of the solution of plant
extract were made using acetate buffer (pH 6.5). And
20 pL of the a-amylase solution was mixed with 20 pL
of sample and 40 pL of substrate solution in a micro-
plate well and then incubated at 25 °C for 15 min. To
stop the reaction, 80 pL of 0.1 M HCI and 200 pL of
1 mM iodine solution were added. The optical density
was recorded at 650 nm wusing a UV-Visible
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Spectrophotometer. Amylase inhibitory (%) activity
was calculated using the formula:

Amylase inhibitory activity (%)
— {1 — (OD6 — OD5)/(OD8 — OD7) x 100}

Where, OD5 = the solution optical density of plant
extract, amylase, and starch, OD6 = the solution opti-
cal density of plant extract and starch, OD7 = the
solution optical density of amylase and starch,
ODS8 = the solution optical density of starch.

Dialysis bag test (glucose uptake assay)

To study the effect of glucose movement, a
dialysis membrane with a pore size of 2000 KDa
(6 cm X 15 mm) was used. To expand, the membrane
was immersed in distilled water. And 1 mg/10 mL
extract was added to the membrane sealed from one
end. Then, 15 mL of 0.22 mM glucose solution was
dissolved, incubated for 4 h at 37 °C, and centrifuged
for 20 min at 4800 rpm. And 45 mL of 0.15M
sodium chloride (NaCl) was then added to the tube.
Lastly, the movement of the glucose from the mem-
brane to the outer solution was recorded at different
time intervals such as 15, 30, 60, 120, 240, 360, and
480 s using a glucometer (Accu-Chek Active Glucose
Monitor) (D’Souza et al., 2014).

Results and discussion

Synthesis and optimisation of plant-synthesised CuNPs

Figure la,b depicted the synthesis of CuNPs by reduc-
ing the copper sulphate pentahydrate using the plant
extract of Nigella sativa seeds. The change in colour
from blue to green confirms the fabrication of CuNPs.

(a)

AR /\""

After that, Nigella sativa seeds extract was used to sta-
bilise the freshly prepared CuNPs. Different concentra-
tions (5%, 6%, 8%, and 10%) of CuNPs were used
to optimise the CuNPs and UV-visible characterisa-
tion was used to select suitable CuNPs, as shown
in Fig. 2a,b. The fabrication process confirmed the
UV-visible spectrum at 500-280 nm.

The collective oscillation of conduction electrons at
the surface of metal nanoparticles causes them to
absorb visible electromagnetic radiation. Generally,
CuNPs exhibit SPR at around 500-600 nm. Further-
more, UV-visible spectroscopy results revealed no shift
in the strong absorption of the plant-synthesised
CuNPs with increasing concentrations of plant
extracts. After the plant-synthesised CuNPs were opti-
mised, the UV-visible spectrum from the above-given
concentration of nanoparticles was selected. The con-
centration chosen for Nigella sativa synthesised CuNPs
was 8% due to higher reduction of copper ions into
nanoparticles through presence of bioreducing agents
such as enzymes, phenols, flavonoids, terpenoids in
extract. Even though Nigella sativa extract acts as sta-
bilising and reducing agent in presence of metal salt
(Mohamad et al., 2014).

Characterisation of plant-synthesised CuNPs

Average particle size

Dynamic light scattering was used to determine the
practical size of CuNPs at 25 °C. It was conducted to
measure the powder’s particle size distribution. The
average particle size of plant-synthesised CuNPs is
depicted in Fig. 3a. The particle size of plant-synthesised
CuNPs, i.e., Nigella sativa seed (K.J.), is 98.23 nm. The
particle size results demonstrated a considerable change

(b)

Figure 1 (a and b) Plant-synthesised copper nanoparticles (CuNPs) at different concentrations (Nigella sativa seed extract) i.e. (a) 5%, 6%, 8%

and 10% (b) 8%.
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Figure 2 (a and b) UV-Visible spectrum of different concentrations of plant (Nigella sativa seed extract) synthesised copper nanoparticles

(CuNPs) i.e. (a) Spectrum at different concentrations (b) 8%.

in average nanoparticle particle size with an increase in
plant-synthesised CuNPs concentration. Compared with
another study, the outcomes of particle size are directly
connected to the enhanced absorbance value of the
nanoparticle (Zahir et al., 2015). The presence of the free
form of the copper molecule in the solution might signif-
icantly increase the average particle size due to the lim-
ited available binding site in the plant extract. The free
copper molecule tends to interact with the individual
copper molecule and coalesce copper molecule, resulting
in a larger average particle size of the nanoparticles with
an increase in the concentration of the plant-synthesised
CuNPs (Dang et al., 2011; Sebeia et al., 2020). There-
fore, plant-synthesised copper nanoparticles demon-
strated a reduced absorbance value during UV-Visible
characterisation and particle size in the 1-100 nm
(Ahmed ef al., 2016). As a result, the plant-synthesised
CuNPs was chosen for further characterisation and
application.

Fourier transform infrared spectroscopy (FTIR)

Fourier transform infrared spectroscopy was used to cat-
egorise the potential biological ability or functional
groups of plant extracts involved in stabilising CuNPs,
as shown in Fig. 3b. The FTIR spectrum supports the
development of plant-synthesised CuNPs (Nigella sativa
seed) in the 4000-5000 cm™" region. The results demon-
strated that the vibrational bands observed in the sample

© 2023 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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between 1000-3500 cm™" closely resemble the hydroxyl
group (O=H) at 3263 cm™' with strong and broad inten-
sity. This revealed stretched and H-bonded vibrations
and an alkyne group (CC) around 2100-2260 cm™". Fur-
thermore, the existence of (CC) at 2243 cm™' revealed
alkyne stretching vibrations with variable strength. The
vibrational band 1620-1680 cm™ is similar to the alkene
group (C=C) at 1648 cm™' but with stretched vibrations
of varying intensity. The different peak locations in the
spectrum show that the plants extract need for CuNPs
synthesis was variable because plant extract was
employed to synthesise CuNPs that prevent nanoparticle
aggregation and contribute to secondary structures. The
functional groups are created due to the interaction
between plant extracts and the CuNPs responsible for
producing plant-synthesised CuNPs. Shifrina et al
(2019) reported the presence of hydroxyl group, alkyne
and alkene groups in plants with copper nanoparticles,
which validated the findings. The elemental analysis con-
firmed the presence of significant copper elements with
the minor functional compounds reported by Rajesh
et al. (2018).

Applications of plant-synthesised CuNPs

Antibacterial activity
The plant-synthesised CulNPs were significantly evalu-
ated against four bacterial cultures, which were
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Figure 3 (a) The average particle size of plant-synthesised copper nanoparticles (CulNPs). (b) Fourier Transform Infrared Spectroscopy spec-

trum of plant-synthesised copper nanoparticles (CuNPs).

Staphylococcus aureus, Klebsiella pneumoniae, Escheri-
chia coli, and Pseudomonas aeruginosa, against the pos-
itive control, i.e., antibiotic (Ampicillin) and the
distilled water as the negative control as shown in
Fig. 4a-d. The result revealed that Nigella sativa
synthesised CuNPs with Klebsiella pneumoniae showed
a significantly (P < 0.005) lower zone of inhibition
(22 mm) compared with Staphylococcus aureus
(23 mm), Escherichia coli (24 mm), and Pseudomonas
aeruginosa (25 mm). Whereas  Escherichia  coli
(20 mm), Klebsiella pneumoniae (19 mm), Staphylococ-
cus aureus (18 mm), and Pseudomonas aeruginosa
(17 mm) showed a significantly (P < 0.005) lower zone
of inhibition with the antibiotic compared with Nigella
sativa synthesised CuNPs as shown in Table 1. These
bacterial strains showed sensitivity towards the antibi-
otic with the clear zone around the well through the
agar well diffusion method. A virtuous inhibitory zone
was observed for all four bacterial strains against the
plant-synthesised CulNPs. The result showed the plant-
synthesised CuNPs have effective antibacterial poten-
tial. The antimicrobial results against the bacterial

strains with the positive control results of the zone of
inhibition were, i.e., for Phaseolus lunatus (15 mm,
18 mm, 19 mm, and 21 mm) and Cephalanthus occi-
dentalis (16 mm, 14 mm, 18 mm and 18 mm) for
plant-synthesised CuNPs against the Staphylococcus
aureus, Klebsiella pneumoniae, Escherichia coli, and
Pseudomonas aeruginosa, respectively. The studies
revealed that plant-synthesised CulNPs had shown high
antibacterial activity due to the differences in the mem-
brane structures of the bacterial pathogens. Moreover,
CuNPs showed their bactericidal activity mainly due
to the release of copper cations (Cu™) which then get
attached electrostatically to the bacteria’s cell wall.
Furthermore, this metal ion is not only connected to
the cell walls but also penetrates inside the surface of
the membrane (Kruk et al, 2015, Rajoriya
et al., 2016; Patil et al., 2017).

Lipase inhibition assay

Table 2 represents the % lipase inhibition assay results
at different concentrations and IC 50 (%) of plant-
synthesised CuNPs. The study revealed that with
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(b)

(d)

Figure 4 (a—d) Antibacterial activity of Nigella sativa seeds synthesised copper nanoparticles (CuNPs): (a) Klebsiella pneumonia, (b) Escherichia

coli, (¢) Staphylococcus aureus (d) Pseudomonas aeruginosa.

increase in concentration 20 pg mL~!, 40 pg mL~',
60 pg mL™', and 80 pg mL™', the percentage lipase
inhibition significantly (P < 0.005) increased such as
33.20%, 46.00%, 51.30%, 66.00%, whereas the IC 50
value is 57.54. Compared with other studies, in the
Achillea millefolium rubra seeds, the percentage lipase
inhibition and IC 50 were 43.21% and 24.67. Simi-
larly, Ramson’s seeds also showed 43.22% lipase inhi-
bition activity and 15.22 IC 50. The Nigella sativa
seeds show the higher property of reducing the fat
content due to the hydrolysis process, which helps to
inhibit the dietary lipids conversion into fatty acids
(Nalawade et al., 2016). The herb also helps to remove
fat from the body by controlling the fat digestion pro-
cess during the gastrointestinal process (Patil
et al., 2017; Maideen, 2020).

© 2023 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd

on behalf of Institute of Food, Science and Technology (IFSTTF).

Amylase inhibition assay

The amylase (%) inhibition assay results of different
concentrations and IC50 of the plant-synthesised
CulNPs is shown in Table 2. It was observed that
80 pg/mL  concentration showed a significantly
(P < 0.005) higher inhibition effect of 76.00% and IC
50 46.34 compared with other concentrations
60 pg mL™", 40 pgmL™', and 20 pg mL™' that
showed the following results 53.90%, 43.00%, and
37.50%, respectively. Kumar et al. (2020) reported in
a study that Andrographis paniculata shows a signifi-
cantly (P < 0.005) lower (%) inhibition assay and IC
50 (3.29% and 0.68). The main mechanisms shown by
the Nigella sativa seeds help to decrease the digestion
of glucose and carbohydrate, which target to reduce
postprandial hyperglycemia (Akhilnath et al., 2019). It
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Table 1 Zone of inhibition of Nigella sativa seeds CuNPs
(mm) with microorganisms

Zone of inhibition of
Nigella sativa seeds

Microorganism CuNPs (mm)

Staphylococcus aureus

Antibiotic 18

CuNPs 23
Escherichia coli

Antibiotic 20

CuNPs 24
Klebsiella pneumoniae

Antibiotic 19

CuNPs 22
Pseudomonas aeruginosa

Antibiotic 17

CuNPs 25

Table 2 % of inhibition of lipase and amylase assay for
Nigella sativa seeds synthesised copper nanoparticles (CuNPs)

S. Concentration % lipase 1.C. 50 % amylase I.C. 50
No. (pg mL™") inhibition (%) inhibition (%)

1 20 33.20 + 1.15° 57.54 37.50 £ 0.27° 46.34
2 40 46.00 + 1.00° 43.00 + 1.00°

3 60 51.30 + 0.90° 53.90 + 0.30°

4 80 66.00 + 1.00¢ 76.00 + 1.00°

also helps to reduce the hydrolysis process in the enzy-
matic reaction of carbohydrate complexes (Kumar
et al., 2020).

Glucose assay

The ameliorating high glucose level was analysed by the
Nigella sativa seeds synthesised by CuNPs to check the
property against the diabetic condition. The glucose
and glucose movement percentage levels are shown in
Fig. 5a,b. The level of glucose and percentage of glucose
movement was observed at different time intervals such
as 15 min, 30 min, 60 min, 90 min, 120 min, 240 min,
360 min, and 480 min. In this study, the higher reten-
tion time for the glucose in dialysis membrane was
observed at 90 min (2.1 mg dL™") compared with
15min (0.4 mg dL™"), 30 min (1.1 mg dL™"), and
60 min (1.7 mg dL™"). Similarly, Nigella sativa seeds
synthesised CuNPs (2.1 mg dL™") showed significantly
(P < 0.005) higher glucose retention time compared
with control 1.7 mg dL™" at 90 min. Interestingly, the
study observed that glucose retention time is reduced at
120 min in both Nigella sativa seeds synthesised CuNPs
and control (1.8 mg dL™! and 1.4 mg dL™!, respec-
tively). The percentage of glucose movement is signifi-
cantly (P < 0.005) lower (53%) in Nigella sativa seeds
synthesised CuNPs compared with control (61%) at

International Journal of Food Science and Technology 2023

,5. (@)

=

22

-1

£

=154

[

H —m— Control

- 1

2

o

é“ 0.5 - Nigella sativa seeds
o CuNPs

0
15 30 60 90 120 240 360 480
Time (min)
120 4 (b)

£ 100 -

[

§

g 80

g

@ 60 Control

<]

Q
2 40 . .
[C] —a— Nigella sativa seeds
S CuNPs
X 20

0

15 30 60 90 120 240 360

Time (min)

Figure 5 (a) Glucose level (mg dL™") of Nigella sativa seeds synthe-
sised CuNPs. (b) Percentage of glucose movement of Nigella sativa
seeds synthesised copper nanoparticles (CuNPs).

120 min. The main mechanism behind these Nigella
sativa seeds synthesised CulNPs show the quenching
property with the glucose molecules, which helps to
improve glucose uptake due to glucose level reduction
(Kumar et al., 2020, 2022).

Conclusion

To summarise for the first time, green synthesis of
copper nanoparticles (CuNPs) using Nigella sativa
seeds’ extract of different concentrations (5%, 6%,
8%, and 10%) were successfully prepared through
green methods which showed several benefits, such as
easy availability, eco-friendliness, non-toxicity, and
economic feasibility. The proposed approach for
green synthesis method showed a high potential for
the different industrial applications. Furthermore, 8%
prepared green synthesised CuNPs by Nigella sativa
seeds’ extract was finalised based on particle size,
functional group, and antibacterial activity. The
CuNPs showed a significantly (P < 0.005) higher
lipase, amylase, and glucose assay activity. Hence, we
conclude synthesised CuNPs by Nigella sativa seeds’
extract can be utilised for the future promising appli-
cation due to its less toxicity properties in therapeutic
applications.
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