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INTRODUCTION

Green synthesis of nanoparticles has become a viable alter-
native to traditional chemical processes in recent times [1].
Typically, the chemical techniques employed tend to be costly
and involve the utilization of hazardous and harmful chemicals.
Chemical procedures typically involve multiple chemical species
or compounds that have the potential to increase particle reac-
tivity and toxicity as well as represent a threat to the public
health and the environment [2]. In the arena of sustainable
synthesis, green synthesis stands out as a bottom-up method
corresponding to chemical reduction. The field of nanoscience
aims to result in the creation of environmentally safe nano-
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Biodegradable wastes e.g. the outer cover of a boiled hen egg generally haphazardly discarded by humans in different locations of the |
country and generates problems for the local creatures. Although different researchers reported different methods to utilize the waste |
through the nanotechnological approach. Here, green synthesis of calcium oxide (CaO) nanoparticles from the hen eggshells was carried
out and characterized them by using X-ray diffraction (XRD), scanning electron microscope (SEM), energy dispersive X-ray (EDX) |
analysis, Fourier transform infrared spectroscopy (FTIR) and ultraviolet-visible spectrophotometer (UV). Further application of the |
synthesized nanoparticles was done on Chlorella sp. to investigate the impact on algal growth, lipid and chlorophylls. Synthesized CaO |
nanoparticles were applied in different concentration (0, 10, 20 and 30 mg L™) and readings were monitored for 20 days. The highest
biomass concentration 242.56 mg L™ was achieved for the nanoparticle concentration of 20 mg L™ and the lipid content increased up to |
35.71% in 20 mg L. These results pave the way for enhanced algal biofuel production. |
|
|
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particles and has gained broad acceptance within the realm of
nanotechnology [3]. The biosynthetic pathway offers a secure,
biocompatible, eco-friendly method for producing nanoparticles,
suitable for biomedical purposes [4-6]. This process involves
utilizing plants and microorganisms, including fungi, algae,
bacteria, various plant parts and waste materials, to synthesize
adiverse range of nanoparticles, it innovatively swaps out costly
chemical reducing agents facilitating the creation of nanopar-
ticles. Several researchers synthesized silver nanoparticles (Ag
NPs) from a microalgae Planophila laetevirens, the synth-
esized nanoparticles are beneficial to medicine and industries

[7].
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Harnessing the power of biological entities holds immense
promise for advancing nanoparticle production methods. Synth-
esized particles from green route are found very beneficial as
pharmaceuticals, biosensors, medicinal purposes, catalysts,
biofuel and pharmaceuticals [8-10]. The addition of nano-
particles in biofuel feedstock to combat the energy scarcity
problem has attracted many researchers due to their economical
and sustainable approaches [11]. The best biofuel substitute,
according to many, is biodiesel made from microalgae consi-
dering it is affordable, non-food based, pollution free and environ-
mentally compassionate. Numerous investigations have been
conducted to improve the generation of biofuels from micro-
algae by altering their dietary needs. Due to the strong potential
for biofuel generation and the presence of important fats and
polysaccharides, microalgae have been selected [12,13].

Furthermore, microalgae exhibit several advantages, inclu-
ding elevated lipid accumulation, accelerated development and
the ability to thrive under a variety of odd growth situations
[14]. Calcium is crucial for sustaining cellular function and is
a fundamental component of plant tissues [15] and microalgae
[16]. The experimental investigation of microalgae cultivation
using nanoparticles containing silica and calcium compounds
demonstrated a significant enhancement in microalgae cellular
growth. This improvement occurred without adverse effects on
harvesting efficiency or biofuel production from vegetable oil.
In the study it was found that a reduced level of calcium ions
(Ca™) facilitated the removal of chemical oxygen demand
(COD) and nutrients by stimulating the growth of microalgae,
resulting in an increase in chlorophyll-a concentration [17].
While studying Ca™, it was observed that single cell dry weight
was increased in microalgae Auxenochlorella protothecoides
UTEX234. The analysis of cellular components revealed a
substantial decrease in both carbohydrate and total protein
content, accompanied by a notable 158% increase in lipid
content [18].

The impact of CaO nanoparticles on plants has also been
thoroughly investigated. The green synthesized ZnO + CaO
from Nigella sativa seeds gave favourable results in shoot length,
number of shoots, number of roots, yield/plant, fruit weight and
leaf area of tomato plant at the concentration of 50 ppm [19].
Affordable and eco-conscious calcium oxide nanoparticles
(CaO NPs) were produced through environmentally friendly
means by utilizing the aqueous extract derived from Tulbaghia
violacea bulbs [20]. Similarly, CaO NPs were synthesized by
utilizing the aqueous stem extract of Cissus quadrangularis
[21]. Present study focused on synthesis of CaO NPs from waste
material (hen eggshells) and its application to produce third
generation biofuel. CaO nanoparticles were characterized by
various techniques. Furthermore, the synthesized CaO NPs
were investigated on Chlorella sp. for effects on algal growth,
lipid, and chlorophylls.

EXPERIMENTAL

For this study, the reagents and chemicals were acquired
from the reputed commercial sources. Chloroform (CHCls) with
a purity of =2 99.80% and methanol (CH;OH) were purchased
from Fischer Scientific, India. BG-11 Broth (Blue-Green medium)

was procured from Hi-media, India, whereas hen’s eggshells
were collected from the local market.

Microalgal culture: The microalga Chlorella sp. BDUG
20021 was obtained from the National Facility for Marine
Cyanobacteria, Bharathidasan University, Tiruchirappalli, India.
For the inoculation, a sterile culture BG 11 medium was made
at pH 7.1. The isolate was then identified by PCR sequencing
of the whole 16S rRNA gene, based on molecular features. DNA
was extracted using Gen Elute™ Bacterial Genomic DNA kit
(Sigma-Aldrich, USA). The fundamental structurally conserved
RNA of a small portion of eukaryotic cytoplasmic ribosomes
is called 16S rRNA. These genes’ sequence information is freq-
uently utilized in molecular analyses to piece together the evol-
utionary history of organisms, particularly algae. One of the
most widely utilized genes and a crucial marker for random PCR
in environmental biodiversity screening is the small subunit
(SSU) 16S rRNA gene. Using the genomic DNA as template
and the primer pairs (F) TACTAGAAGGTTCGATTAGTC and
(R) AGCAGGAAAAGAAACTA, the PCR amplification was
carried out. The PCR process was carried out using a thermal
schedule that included 3 min of initial denaturation at 94 °C,
35 cycles of denaturation step at 94 °C for 1 min, annealing at
50 °C for 1 min and extension at 72 °C for 2 min, followed by
7 min of final extension at 72 °C. In order to exclude impurities,
the PCR amplicon underwent purification and was further reso-
Ived on an agarose gel. The National Centre for Biotechnology
(NCBI) used Blast software to align and analyze the sequencing
data after the PCR product was sequenced in both directions.
This allowed to identify the microalgae and its nearest neigh-
bours [22]. The first 10 sequences were chosen and aligned
by importing them into different alignment software programs
based on the maximum identity score. ClustalW, The program
MEGA 10 was used to create the phylogenetic tree, with the
neighbour-joining strategy [23,24]. A 1000-replication boot-
strap analysis was used to assess the stability within the clades
of phylogenetic tree.

Formation of calcium oxide (CaO) nanoparticles from
eggshells: The eggshells were collected from local supplier
and washed with distilled water two to three times to remove
any impurities. Following this, the shells were boiled for 20
min to eliminate the membrane inside. Once boiled, they were
dried in an oven at 105 °C. After drying, the shells were ground
into a finer powder using a blender. Finally, the powdered egg-
shells were calcinated in a muffle furnace at 900 °C for 4 h [25].
Heating of calcium carbonate (chemical nature of eggshell) at
higher temperatures results into formation of CaO and CO..
Carbon dioxide released into the atmosphere and remaining
calcium oxide were further characterized.

Characterization: The X-ray diffraction analysis were
carried out using a Philips XRD 3100 diffractometer (Philips
Electronics Co., Eindhoven, Netherlands) with a moderate
scanning speed of 0.3s across a 20 range of 20-70°. The SEM
and EDX analysis were conducted using a TESCAN Magna
200 eV-30 KV instrument, which allowed for the cross-sectional
analysis, morphology assessment and elemental analysis speci-
fically targeting Ca and O elements. The optical characteristics
(UV-vis) of the specimens were assessed utilizing an Agilent
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technologies Cary 60 UV-vis spectrophotometer, coupled with
an integrating sphere accessory. Fourier transform infrared
spectroscopy (FT-IR) analysis (Bruker Vertex 70 FTIR spectro-
photometer with Platinum ATR instrument) in the 4000-400
cm' range was used to investigate the functional groups of the
catalysts.

Algal growth with synthesized nano CaO: Chlorella
sp. was grown in 250 mL Erlenmeyer flasks containing a total
100 mL volume of BG-11 medium and different concentrations
of nano CaO in the photo-incubator at 25-30 °C. The culture
at 0, 10, 20, 30 mg L' was cultivated in 16 hor 8 h light and
dark cycles under fluorescent white light with an intensity of
3-5 flux. To prevent adhering, the cultures were manually shaken
by hand for three times a day. The experiment was carried out
in triplicates.

Growth analysis: The microalgae’s growth was assessed
by measuring its optical density at 680 nm using a UV-visible
spectroscope every 2 days over a span of 20 days. To calculate
the biomass concentration, the microalgal biomass was collected
through centrifugation and washed with double distilled water
to eliminate impurities. Subsequently, the centrifuged pellets
were dried in an oven set at 60 °C until they achieved a stable
weight. Once dried, the biomass was transferred to desiccators
[26].

To calculate chlorophyll-a, an aliquot (1 mL) of micro-
algae culture was centrifuged three times at room temperature
for 10 min at 6000 rpm. After three rinses with distilled water,
the resulting pellets were re-suspended in 1 mL of methanol.
The tubes were sealed and placed in a water bath at 60 °C for
30 min to extract chlorophyll-a. Absorbance measurements

92

92

92

92

were taken at 652, 665.2 and 750 nm and Porra’s equation was
used to determine the chl-a concentration in g mL™" [27].

Biomass concentrations and chlorophyll-a were calculated
by using given equations:

Weight (mg)
Volume of culture (L)

Chlorophyll—a =16.29 (Af,(,s_z — A75()) —8.54 (A(,52 — A75())

Extraction of lipids from Chlorella sp.: Microalgae lipids
were extracted using a modified Bligh and Dyer method [28].
Dried and powdered microalgal biomass was dispersed in
deionized water, then subjected to microwave pretreatment
for 2 min at 540 W to disrupt cell walls. After cooling, chloro-
form and methanol were added and then the mixture was shaken
vigorously for 4 h at room temperature. Water was subsequently
added to facilitate the phase separation. After allowing the
mixture to settle, the organic phase containing chloroform and
lipids was carefully collected. The lipid content was determined
using an equation:

Biomass concentration =

Lipid content (%) = Mass of lipid (g)
Mass of algae culture (g)
RESULTS AND DISCUSSION

A total of 193 ng of DNA was extracted from the given strain.
Upon conducting 16S rRNA sequencing, it was determined that
strain exhibits a similarity of 99.41% with Chlorella sp. The
phylogenetic tree (Fig. 1) confirmed that given strain is Chlorella

sp.

—| Chlorella sp. BDUG 20021 |

MN990350.1:334-402 Micractinium sp. GA0OO1

LC153789.1:479-547 Micractinium reisseri gene strain: SIT04

100

KF998566.1:1190-1258 Chlorella sp. South China Sea

61

JX524866.1:370-438 Chlorella cf. vulgaris CHPCL2

57

JX524865.1:368-436 Chlorella cf. vulgaris CHPCL1

MG835608.1:2503-2848 Parachlorella kessleri strain LEGE Z-001

57

KJ676116.1:1437-1782 Parachlorella kessleri strain UTEX1808

JN169781.1:68-413 Micractinium reisseri isolate RAIWO1

HE861878.1:67-412 Micractinium sp. KGE13

56

29

66

67

JX524865.1:43-397 Chlorella cf. vulgaris CHPCL1

JX524866.1:45-399 Chlorella cf. vulgaris CHPCL2

KF998566.1:865-1219 Chlorella sp. South China Sea

LC153789.1:153-508 Micractinium reisseri

HE863711.1:67-412 Micractinium reisseri strain YSW16

Fig. 1. Phylogenetic tree of the strain with its adjoining neighbours
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XRD studies: Fig. 2 shows the X-ray diffraction (XRD)
patterns of CaO nanoparticles. The obtained XRD results were
compared with JCPDF card no. 37-1497, identifying peaks at
20 =33.67°,39.07°, 52.22° and 67.03° corresponding to (% k [)
values of (111), (200), (220) and (222), respectively. Addition-
ally, the peaks of Ca(OH), at 26 = 55.90°, 59.37°, 69.03° and
77.00° were observed, with corresponding (h k [) values of (003),
(200), (202) and (004), respectively. The results were found to
be similar with reported literature [29]. The average crystallite
size (D) of CaO nanoparticles was determined using the Debye-
Scherrer’s equation, given as follows:

_ KA
BcosO

where 0 is the location of the diffraction peak’s maximum and
[ = full width at half-maximum (in radians); K = 0.9, is defined
as a shape factor.
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Fig. 2. X-ray diffraction (XRD) pattern of as-prepared CaO nanoparticles
using hen eggshells

Morphological studies: FE-SEM was used to study the
surface morphology of CaO NPs (Fig. 3). The images indicate
the resultant CaO NPs had a porous structure (Fig. 3a) and were
between 50 and 100 nm in size (Fig. 3b).

Using the EDX spectrum, the chemical composition of
the CaO nanoparticles was identified as shown in Fig. 4. This
spectrum reveals that the minerals’ elemental percentages
(inset, Fig. 4), which confirmed the purity of the synthesized
nano particles.

Element Weight (%) Weight (%) Sigma  Atomic (%)

(0] 36.11 0.52 58.61
Ca 63.89 0.52

41.39

0 1 2 3 4 5 6 7 8 9 10
keV

Fig. 4. EDX image of synthesized CaO nanoparticles using chicken eggshells

UV-visible studies: In this study, UV-visible spectra for
CaO nanoparticles were obtained within the wavelength range
of 260-400 nm (Fig. 5). The broad peaks were observed at 280
and 320 nm, indicating the formation of CaO NPs at these wave-
lengths. A sharp increase in absorption was detected at a wave-
length of 360 nm, suggesting that CaO nanoparticles absorbed
light in the ultraviolet spectrum [30].

FT-IR studies: FT-IR spectrum in the 4000-500 cm™ range
is displayed in Fig. 6 for CaO NPs. The band at 3416 cm™
suggests the presence of absorbed water on the surface [31].
A sharp peak at 3419 cm™ suggested the presence of alcohol
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Fig. 5. UV-visible spectrum of synthesized CaO nanoparticles using hen
eggshells
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Fig. 6. FTIR spectra of synthesized CaO from hen eggshells

hydroxyl group and this absorption peak was noted in all the
calcined samples [32]. The C=0 stretching bonds were observed
at 1632 and 1420 cm™, while the band at 554 cm™ is due to
the stretching of the Ca—O bonds.

Effects of synthesized CaO nanoparticles on Chlorella
sp.: To evaluate the CaO nanoparticles effects on Chlorella sp.,
the C. vulgaris strain was cultivated in various doses of synthe-
sized CaO NPs ranging from 0 to 30 mg L™ within BG 11
medium. A progressive exponential growth occurred until 14"
day after 20" day of batch study. The highest biomass
concentration achieved 242.56 mg L™ at 20 mg L™, whereas
220.53 and 112.21 mg L' recorded in 10 and 30 mg L™ dose
of CaO NPs (Fig. 7). The maximum specific growth rate and
the highest biomass concentration for C. vulgaris were reached
when egg-shell powder was added to the culture; these values
were 2.25 g L and 0.453 per day, respectively [33].

Similarly, it was found that at a concentration of 20 mg
L™, iron oxide nanoparticles (IONPs) demonstrated a maxi-
mum increase of 33.75% in biomass concentration over a 15-day
cultivation period of C. pyrenoidosa [34]. The study examined
that addition of SiO, nanoparticles to C. vulgaris resulted in a
177% growth in the biomass production [35]. It has been
recorded that metal-based nanoparticles enhanced the growth
parameters, including biomass production, specific growth rate,
chlorophyll content, metabolites, etc. [36]. In contrast it has

3007 ,
— EOmglL
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> 250 l10mgL_1 - -

£ 20mg L T o =
5 200 ®30mglL’ - T
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0 2 4 6 8 10 12 14 16 18 20
Time (days)

Fig. 7. Estimation of various doses of synthesized CaO nanoparticles on
biomass concentration of Chlorella sp.

also observed that at lower concentration of nanoparticles can
cause toxicity towards microalgae.

Similarly, chlorophyll-a content in Chlorella sp. shows
an increasing pattern till 12" day. It was observed 16.81 ug
mL™"at 20 mg L™ concentration. At doses of 30 and 20 mg L™
of nano-CaO, the concentrations of chlorophyll-a were measured
at 6.3 and 9.073 ug mL™, respectively (Fig. 8). In a study,
DNA, chlorophyll and lipids were not released in significant
amounts until the dosage of nickel nanoparticles reached 0.007
g/g of suspended solids (g/g SS), according to Kavitha et al.
[37]. Above this limit, there was a sudden rise in DNA, lipids
and chlorophyll (0.2 g/L, 0.8 ug/mL and 1.2 g/L, respectively).
This suggested that the phospholipid bilayer of chloroplasts,
which houses the green pigment chlorophyll, had been disrupted
and that there had been cell lysis. This demonstrates unequiv-
ocally that disruption of biomass, dissolving of intracellular
components and diffusion of chlorophyll from thylakoids into
the surrounding aqueous phase occur when the dosage of nickel
nanoparticles is greater than 0.007 g/g SS. Furthermore, the
inoculation of 30 mg L™ of Fe,O; resulted in a 38% increase
in carbohydrate content. However, a decrease in biomass concen-
tration of 18% was observed due to the deposition of nano-
particles on the cyanobacteria cell wall [38]. The peak lipid
yield of 35.71% occurred at a dosage of 20 mg L™ CaO NPs,
while 17.05% recorded at 0 mg L™". These fluctuations in growth

20

187 momgL”

®10mgL”
20mg L™ i

124 m30mglL”

0 2 4 6 8 10 12 14 16 18 20
Days

Fig. 8. Estimation of various doses of CaO nanoparticles on chlorophyll-a
of Chlorella sp.
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and lipid output signify the absorption of CaO nanoparticles
and its effects.

In this study, it was observed that the lipid concentration
in Chlorella pyrenoidosa increased by up to 16.89% (dry weight)
upon the addition of 30 mg L™! [34]. Similarly, it was reported
that C. vulgaris exhibited a lipid increase of 39.7% and 25.5%
when 50 and 100 mg L™ of Fe,O; NPs were introduced to the
culture [39]. The transcriptome analysis showed the MCAL1
upregulation and CAX/ACA1 down regulation, boosting cyto-
plasmic Ca”*. The co-expression networks revealed Ca** fluctu-
ation triggering MYB3 and AP2-4 via CAM and CDPK, modu-
lating GPAT at TAG synthesis onset and DGAT/PDAT in the
final stage [18]. In response to oxidative stress, the algae utilize
antioxidant defence mechanisms, including the activation of
reactive oxygen scavenging enzymes like catalase (CAT), super-
oxide dismutase (SOD), peroxidase (POD) and the synthesis
of antioxidants such as carotenoids, ascorbic acid, proteins and
sugars [40].

Conclusion

This study elucidated the phylogenetic relationship of a
particular strain with Chlorella sp. and successfully synthesized
calcium oxide nanoparticles (CaO NPs) from the waste hen
eggshells, characterizing their properties through various anal-
ytical techniques. The evaluation of the green synthesized CaO
NPs on Chlorella sp. revealed the promising results, with notable
enhancements in biomass concentration, chlorophyll-a content
and lipid yield at certain concentrations. However, caution is
warranted as higher nanoparticle doses may induce toxicity,
leading to adverse effects on cell growth and photosynthetic
pigments.
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