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Abstract In this work, we synthesized blood orange peel
extract-copper (II) (Cu*") ions nanoflower (NFs) and blood
orange juice extract-copper (II) (Cu?") ions nanoflower
examine their antimicrobial properties on the fish pathogen
(Yersinia ruckeri). The main compounds of the blood
orange peel extract and the blood orange juice extract were
organic components, and the copper (II) (Cu® T) ions were
inorganic components. BOPE-Cu” T nanoflowers are quite
compact, porous, and uniform as compared to BOJE-Cu®"
nanoflowers. Scanning Electron Microscopy,
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Transform Infrared spectrometry, and Energy-Dispersive
X-ray spectroscopy were used to observe the structures of
the NFs. The findings of FT-IR show Cu-O and Cu-N
bonds in NF, which may be an indicator of the develop-
ment of NFs. Although the antimicrobial actions of BOPE-
hNFs and BOJE-hNFs against Yersinia ruckeri (NCTC
12,268) have been confirmed.
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Introduction

Over the last two decades, nanoparticles which is synthe-
sized using “green chemistry” methods has been important
role for applying to the many fields such as biology,
chemistry, engineering, physics, and materials science [1].
In this case, nanotechnology can be present many oppor-
tunities to deliver technical innovations in the develop-
ment, manufacturing, storage, transport, traceability, health
and protection of aquaculture and seafood sectors. In the
literature, there are some paths to prevent fish against
major diseases and pathogens bacteria in aquaculture such
as using of antibiotics and vaccines [2]. In this case, the use
of antibiotics causes pollution and leads to the development
of antibiotic-resistance for pathogen bacteria in aquaculture
[3]. According to researches, vaccination is one of the best
ways to protect against many diseases in aquaculture with a
principle of “isolate, inactivate and inject” [4]. Last dec-
ade, the use of nanotechnology in vaccinology has led to
increase developing a new field as called “nanovaccinol-
ogy” [5]. This can be supported by nano-chitosan since it
has the ability to coil around the vaccine. Nanoparticles
presents numerous advantages such as design particles with
different components or compositions, particle size or
morphology, and surface structures thereby affirm to
community the health of farm-raised fish rather than
pathogen-induced diseases. The vaccine may be delivered
by nano-chitosan, which is play a role with wrapping
around vaccines and acting as a carrier used for the treat-
ment of fish physiology. Nano-encapsulated vaccines in
Asian carp have been used by Bhattacharyya and col-
leagues to eliminate Listonella anguillarum [6]. The spread
of disease is one of the main preliminary obstacles to the
survival and development of aquaculture. New-fangled
diseases can cause significant number of deaths for any
aquaculture competence. Yersinia ruckeri is among of the
pathogenic bacteria which is causative agent of enteric red
mouth disease in fish [7]

Patel and colleagues were described and used hNFs
using organic and inorganic components and they were
demonstrated that variations in the concentration of metals
and synthesis conditions of nanoflowers could be extended
to efficiently immobilize recombinant his-tagged enzymes
[8].

In another work, Kumar and co-workers were focused
the immobilization of xylanase using a protein-inorganic
hybrid nanoflower system was assessed to improve the
enzyme properties. They were observed that Immobilized
xylanase showed high residual activity at broad pH and
temperature ranges [9]. Organic—inorganic hNFs have been
reported to be used in polluted areas as biosensors, iden-
tification of Escherichia coli and glucose detection [10, 11].

Another researcher showed that hNFs based on lacto-per-
oxidase have been more efficient catalytic activity compare
to free lacto-peroxidase and also hNFs are reusable prop-
erties before the reaction is finished [12]. In some studies,
Cu-hNFs and Au-hNFs have been affected on antimicrobial
activity on some specific bacteria, fungi, and virus [13, 14].
Otari et al. were developed a new approach for synthe-
sizing metal nanoparticles which was The Au—peptide—al-
ginate biohydrogel showed effective catalytic activity in
reducing 4-nitrophenol and hexacyanoferrate(II) in the
presence of sodium borohydride with durable reusability
for biomedical and industrial applications [15]. After
finding of NF, some enzyme groups (some of them is
peroxidase, a-amylase, lipase, laccase, catalase, horse-
radish peroxidase etc.) have been used to provide new
approaches for using in any specific field [16-22]. For
example, proteins, amino acids, antioxidants, pure plant
extracts, and enzymes were used as an alternative to
enzymes to synthesize NFs because of fenton-like proper-
ties and antimicrobial activity [14, 19, 22-27]. For
instance, Otari and co-workers were synthesized silver
nanoparticles (AgNPs) using leaf extract of Canna edulis
Ker-Gawl (CELE) and they obtained that the concentration
of AgNPs required for 50% inhibition of growth of mam-
malian cells was far more than that required for inhibition
of pathogenic microorganisms [28]. In similar another
study, Otari and collages were emphasized that biomole-
cules from green tea leaves were functionalized on the
surface of silicon dioxide nanoparticles (GSiO2 NPs) and
they were obtained that the Ag—GSiO2 NPs displayed
sustainable antimicrobial activity compared to Ag ions
[29].

In this work, green synthesis of hNFs using blood
orange peel and juice (as organic part of the synthesis) and
Cu” T (inorganic) components was conducted for the first
time and its antimicrobial properties were analyzed against
Yersinia ruckeri. BOPE-Cu-hNF and BOJE-Cu-hNF‘s
characterization was tested using scanning electron
microscopy (SEM) scanning images, energy dispersive
X-ray (EDX) spectroscopy, and Fourier transform infrared
spectrometry (FT-IR). energy dispersive X-ray spec-
troscopy. The data collected was thought to inform to the
development of studies on green produced hNFs and their
aquatic applications.

Materials and Methods
Extraction of BOPE and BOJE
100 gr of peel of bloody orange were chopped to small

pieces using clean knife and boiled 1:1 ratio in 100 mL
pure water. The aqueous solution was filtered with

@ Springer



326

Indian J Microbiol (Sept-Jan 2021) 61(3):324-330

Whatman paper#1. Then three of bloody orange squeezed
to obtained juice of bloody orange and filtered with
Whatman paer#1. All aqueous solution was kept under
—20 °C for further analysis.

Preparation of Hybrid Nanoflower

Hybrid nanoflowers (hNFs) synthesis was conducted using
a significantly updated approach to the 2015 Somturk
process. Second, stock solution was prepared as 120 mM
of CuSO, using ultra-pure water. Subsequently, 66 pL of
prepared stock solution was added to 9 mL of PBS solution
(10 mM in pH 7.4) and added 0.2 mL of aqueous plant
extract (blood orange peels and juice). This final solution
was incubated for 72 h at room temperature (RT). After
incubation, the hNFs growth process was finished and
obtained blue-colored precipitate. The precipitate washed
at least 3 times with pure deionized water and centrifuged
at 10,000 rpm for 10 min to remove unreacted materials.
The precipitate was finally dried at RT for the characteri-
zation process of hNFs.

Characterization of hNFs

The scanning electron microscopy (SEM) was used to
produce nanoflower images on the ZEISS EVO LS10
instrument (Oberkochen, Germany). The energy dispersive
X-ray (EDX-ZEISS EVO LS10) device was used to ana-
lyze the elemental composition of nanoflowers. Nano-
flower crystal structure was described by X-ray diffraction
analysis (XRD-BRUKER AXS D8) (Karlsruhe, Germany).
The nanoflower spectra of the Fourier Transform Infrared
Spectroscopy (FTIR) were observed to test its chemical
composition by operating the FTIR Spectrometer (Perkin
Elmer 400 Spotlight 400 Imaging System, Waltham, USA).

Antibacterial Activity

The agar disc diffusion test was used to examine the
antibacterial effect of hNFs, as previously stated
[14, 24, 30]. Briefly, hNFs at 0.5 pg/mL is used to inhibit
the development of Yersinia ruckeri (NCTC 12,268).
Bacterial colonies were inoculated with the same concen-
trations of NF (concentration of 1.0 x 108 CFU/mL) and
free BOPE, free BOJE and free metallic Cu™? jons (Huang
et al. 2015). After incubation of the culture plates at 37 °C
for 24 h, the inhibition area of bacterial growth was mea-
sured to be in millimeters [28]. Independent experiments
were performed as triplicates for each bacterial strain.
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Results and Discussion
Synthesis and Characterization of the hNFs

In this work, BOPE and BOJE were first used as an organic
component to form flower-like structures. A variety of
studies have also documented the mechanism of generation
of organic—inorganic hybrid nanoflowers
[8, 12,19, 22-24, 26, 27, 29, 31, 32]. Cu-hNFs biosynthesis
of blood orange peel and blood orange juice extract (Fig. 1)
was performed in this study and their antimicrobial activity
was evaluated. SEM images (Fig. 2) have been confirmed
that the Cu-hNFs are similar to flower structures. Petal-like
structures have played an important role for developing of
flower structures as seen below (Figs. 2b and 3b).

Besides, the effect of the outer and inner components of
the same plants as the BOPE-Cu-hNFs and BOJE-hNFs
was studied and observed that they were perfectly formed
using extracts (Fig. 1), while the flower-shaped hNFs were
perfectly formed using BOPE (Fig. 2a, c¢) compare to
BOIJE extract-based Cu-hNFs. It has also been found that
flower-shaped structures have been significantly distributed
in Cu-hNFs synthesized using BOJE (Fig. 2b, d). The
concentration or variety of organic component, the reaction
time, the pH level during the synthesis and types of inor-
ganic compounds were played an important role on the size
and shape of hNFs in previous studies [14, 15, 24]. Sci-
entists are identified the reaction phases of hybrid
nanoflowers by the interaction with the amine groups as the
first step (as called nucleation) in which the amine groups
and the cupper ions are connect by phosphate buffering.
After this process the second step (as called growth) begins
with the development of the Cu-protein is produced by the
petals and then third phase (as called completion) which is
known “anisotropic growth” and flower structure are
completed [30]. In another study also emphasized that the
medium pH is affected on the amine groups for binding
metals [33].

SEM photographs showed that spherical shapes could
observed with a small range of sizes. The size of BOPE-
hNFs was also measured at 15 pm using SEM (Fig. 2a, c).
The average size of BOJE-Cu-NFs was determined to be
7.5 um (Fig. 2b, d) and confirms previous research [24, 30]
Results of Energy-Dispersive X-ray (EDX) spectroscopy,
and Fourier Transform Infrared spectrometry examination
are used to evaluate the constituent morphology of the Cu-
hNFs. Fourier Transform Infrared spectrometry (scanning
between 400 to 4000 cm™ ') were used to determine and
characterized the functional groups of synthesized hNFs. In
Fig. 3a, characteristic diffraction peaks of BOPE-hNFs
were observed by Fourier Transform Infrared spectrometry
analysis as 11931130 cm ™%, 1606-1518 cm™ 1,
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Fig. 1 hotograph of the blood orange (a), Blood orange peel (b), and extraction of both BOPE and BOJE (c)
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Fig. 2 SEM images of BOPE (a, ¢) and BOJE-hNFs (b, d)

3252 cm™!, 1660 cm™', 1446-1315cm™', 1256 cm™',
which are refers to alkylhalides (CF), alkenes (C = C),
amine salt (NH), phenols (OH), and alcohols (CO) the band
vibrations, respectively [24, 30]. The other peaks of BOPE-
hNFs determined in the spectrum at 1012 cm™ !, 940 cm_l,
863 cm™', 840 cm™', 817 ecm™', 719 em™', 635 cm™ ',
601 cm ™! correspond to the vibration of phosphate groups
(PO43_) [24, 25, 34-36]. For BOJE-hNFs, Characteristic
diffraction peaks were determined as 1360 cmfl,
3326 cm™',  1595cm™', 1503 cm™', 1202 cm™ ',
1294 cm™ ", those peaks are also referred to phenol (OH),
amine salt (NH), alkenes (C = C), alcohol (CO), and
alkylhalides (CF) respectively as seen in Fig. 3b [24, 30].

The other BOPE-hNF peaks found at 999, 86 cmfl,
807 cm™', 595 cm ™! refer to the phosphate group vibration
(PO,*") similar to BOPE-hNFs [24, 25, 34, 35]. The FT-IR
study concludes that Cu-hNFs based on BOPE and BOJE
have been synthesized in the PBS buffer. The chemical
composition of the Cu-NFs based on BOPE and BOJE was
examined using an EDX analysis. Thus, the EDX spectrum
has been confirmed the presence of Cu in the hNF skeleton
as seen in Fig. 3. Cu-hNFs based on BOPE have a spherical
structure and a diameter of 7.5 um have been successfully
synthesized in the PBS buffer according to the characteri-
zation findings.
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Fig. 3 FT-IR results of BOPE (a) and BOJE-hNFs (b), EDX results of BOPE-hNFs (¢) and BOJE-hNFs (d)

Table 1 Antimicrobial activity
(inhibition zone (mm)) of

hNFs, plant extract. and Cu2 + (pure)

Inhibition Zone (mm) SD Content (pg/mL)

BOPE-hNFs, BOJE-hNFs and
plant extracts on Yersinia
ruckeri

BOPE- hNFs
BOJE- hNFs
BOPE- extract
BOIJE- extract
Cu™? (pure)

33.66 £ 1.52 0.5
30.66 £ 1.15 0.5
833+ 19 0.5
9£15 0.5
25+ 1.1 0.5

SD (Standard Deviation)

Antimicrobial effects of free CuSQy, free plant extract
and BOPE-Cu-hNFs and BOIJE-Cu-hNFs have been
extensively checked against Yersinia ruckeri. The DISC
content of hNFs was estimated at a concentration of 10 1g/
mL for all microorganisms measured as shown in Table 1.
BOPE and BOJE-based hNFs were inhibited Y. Ruckeri as
33.66 and 30.66 mm, respectively (Table 1). The inhibition
zones of BOPE and BOJE free plant extracts were esti-
mated at 8.33 and 9.00 respectively. Free dry metallic
cupper has also been showed antimicrobial properties as
observed at 25.00 mm [37]. The photographs of the inhi-
bition region were seen clearly in Fig. 4. Coca and col-
leagues were tested the antimicrobial activity of allicin-
based hybrid nanoflowers on the three types of bacteria
including L garvieae, A hydrophile and V parahaemolyti-
cus and registered MIC values at 15 Ig/mL for all
microorganisms. The antimicrobial properties were tested

@ Springer

against Escherichia coli, Bacillus subtilis, Saccharomyces
cerevisiae and Candida tropicalis by Patel and colleagues
2018 [38]. They observed that the activities were increased
with increasing cationic charges and the length of the alkyl
chain as follows amino-chitosan, dimethylaminoethyl-chi-
tosan, dimethylpropyl amino-chitosan, dimethylamino-1-
propyl-chitosan, diethylaminoethyl (DEAE)-chitosan, and
quaternized DEAE-chitosan [38]. In another study, Beyene
and co-workers were examined the effect of Au-hNF.
Sreedharan and colleges were compromised the antimi-
crobial effects of Au-hybrid nanoflowers and Au-
nanoparticles [36]. They were worked on some microor-
ganism to show effect of different concentration of cipro-
floxacin and Au-hNFs and they emphasized this situation
related to wide region of Au-hNFs and the improved
capability of the amine groups to bind to NFs. In another
study, researchers clarified that the antimicrobial activity of
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Fig. 4 Photography of antimicrobial effects of BOPE and BOJE on Yersinia ruckeri

Zn-NFs by the bonding of NF-released Zn ion to the cell
wall and the formation of H,O, resulting from its bonding
to ZnO [39]. Cu® * ions in hNFs contain Cu' * ions in the
presence of H,O, that cause Cu' ™ hydrogen radicals which
has an important role for destroying the bacterial mem-
brane and cells [24].

Conclusion

In total, orange peel extract and juice extract as organic
components and Cu® " ions as inorganic compounds were
used for the synthesis of hNFs using a green synthesis
process. The NFs obtained were well scattered, uniform
and spherical. The sum of BOPE and BOJE influenced the
scale of the NFs. The pores on the surface of the NFs
almost vanished when the volume of BOPE was increased
during the quick and economical synthesis protocol. The
hNFs demonstrated higher antimicrobial activity than the
free BOPE and BOIJE anti-Yersinia ruckeri extract (NCTC
12,268). Both BOPE-Cu® ™ hNFs and BOJE-Cu® * hNFs
demonstrated high antimicrobial activity against Y. ruckeri.
However, BOPE-Cu2 + hNFs and BOJE-Cu? ™ hNFs may
be considered for aquacultural applications or may be
farm-raised fish vaccines due to their antimicrobial action
against pathogenic microorganisms (Yersinia ruckeri).
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