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ABSTRACT

Green synthesis approaches are acquiring importance due to their environmentally safe, commercial
scalability, versatility, cost-effectiveness, simplicity and efficiency on large scale synthesis. The extract
of Trachyspermum ammi was used for the synthesis of Al,O3 nanoparticles. The green synthesized
Al,O3 nanoparticles were characterized by using by UV-Vis, FTIR, SEM, XRD and EDX. The green
synthesized Al,O3 nanoparticles were characterized by using by UV-Vis, FTIR, SEM, XRD and EDX.
The absorbance at 345.4nm from UV-visible spectroscopy shows the formation of Al,O3 nanoparticles.
The FTIR results indicated the presence of functional groups responsible for the formation of
nanoparticles and the peak between 710.71cm™ and 871.92 cm™ confirm the presence of Aluminium
oxide. XRD analysis revealed the formation of Al,O3 nanoparticles with average particle size 25.7nm
calculated from Scherer formula. EDX analysis demonstrated the elemental composition. The
phytochemical screening of Trachyspermum ammi was performed. The antibacterial activity of
prepared Al,O3; nanoparticles was investigated by Well diffusion method. Plant extract consist of
numerous biochemical and phytochemical compounds that serve as capping and reducing agent that
facilitates the production of non-toxic nanoparticles that are useful for pharmaceutical and biological
applications.

INTRODUCTION:

Energy and environment are the two main components due to which life exists on the earth and their
connection with technology revolutionized the life in the advanced era. Similarly, the nano technology
is associated with the nano materials and chemicals (metals and non- metals) present in the
environment (Sun, 2019). The new properties are manipulated in the complexes that are totally changed
from basic atoms or molecules. The altered properties shows its functionality, optical properties, their
dimensional properties, magnetic properties and even the chemical properties. The nano technology

plays a vital role in economic growth and sustainable growth of life (Basiuk & Basiuk, 2015).

In general, the characteristics of nano-objects are influenced by their chemical composition, as well as

their size, shape, composition, and surroundings, as well as their three-dimensional dispersal. It is



obvious that production processes have a significant impact on the characteristics of nano-objects.
Synthesis methods can be used in a variety of ways. There are two types of strategies: bottom-up and
top-down (Schwarz et al., 2004). Many disadvantages, including as the existence of poisonous organic
solvents, the generation of dangerous side-products and intermediate chemicals, and the large energy
consumed, make chemical and physical NP synthesis difficult to scale up to large-scale manufacturing.
Metal nanoparticles are commonly synthesized in aqueous environments, however due to the existence
of attractive forces, such as van der Waal’s, those particles may agglomerate. To avoid particle
aggregation and regulate nanoparticle shape, several synthetic compounds known as "capping agents”
were added to the steric stabilizers. Other issues with NP production include toxicity, decreased particle
synthesis rate, structural particle deformation, and particle growth inhibition. Furthermore, chemical
NP production in nanocomposites or metallic NPs is made up of several chemical sorts (atoms) or
fragments, which might enhance constituent’s reactivity, as well as affect human healthiness and the
atmosphere. On the basis of the large number of molecules and atoms amalgamations used during Nano
particles chemical production, it is prerequisite to consider all the information of the reaction
conditions. This fact should be a prerequisite to track the molecular species involved along the kinetics
of reactions (Tolaymat et al., 2010).

Biochemical NP production, on the other hand, is easy, cost-effective, more repeatable, and has well-
defined physicochemical characteristics, in addition to being ecologically benign. Organic, Inorganic,
and hybrid bio NPs are of the three types. Maximum macro-molecules and the cellular structures can
generate NPs in response to environmental circumstances and sample treatment (Durdn & Marcato,
2012).

Oxides and metallic bio NPs are two types of inorganic bio NPs. The fabrication of Inorganic Bio NPs
is generated by undefined reducing agents in the media by activating the system into the cell to
decrease deadliness. The benefits of using biological patterns is the large variety of tridimensional (3D)
bio configurations that can be used as originals to generate NPs with a wide range of characteristics and
properties (Duran & Marcato, 2012). Eco-friendly chemistry also called as green chemistry that deals
with the alteration of biological complexes to green chemicals which is further modified by the
nanomaterial particles without using the toxicity of chemicals that is biosynthesized chemicals
(Nasrollahzadeh et al., 2019).



Metal oxide when manufactured from plants i.e. synthesized through green synthesis, the
phytochemicals present in plants act as reducing agent while the metal Nano particles act as stabilizer
(Ghotekar, 2019). The production of Aluminum oxide nanoparticles can be done in a variety of ways
(Al,O3 NPs or Nano alumina). The solution combustion technique is an energy-efficient and
environmentally benign approach for producing low-cost nano adsorbents (Prabhakar & Samadder,
2018). Trachyspermum ammi (Umbelliferae), also known as Ajwain in India, is found across the

country's northwestern regions (Ramaswamy et al., 2010).

Trachyspermum ammi is a well-known source of components with promise bioactivity that can be used
in pharmaceuticals. T. ammi is an yearly grown herb that grows up to the 90 cm tall and is endemic to
Egypt's desert and less desert areas (Ashraf, 2002). They have stimulating, antispasmodic, and the
carminative qualities and have been utilized in the cure of pomposity, atonic indigestion, abdominal
tumors, diarrhea, stomach aches, piles, and bronchial difficulties, lack of appetite, asthma, and
amenorrhea for centuries. The fruits consists 2-5% Ajwain oil, a brown-colored essential oil that is
accountable for the plant's odor and flavor. It's used to cure gastric and intestinal disorders, a lack of

craving, and respiratory issues (Bairwa et al., 2012).
2. MATERIALS AND METHODS
Chemicals

Many of the substances (chemicals) used were of analytical grade of Merck, Sigma and B.D.H.
Following chemicals were used in the current investigation: Distilled water, AlCl; 6H,0, NaOH,
Ethyl alcohol, HCI, lodine, Fehling solution, alcoholic -naphthol, concentrated HNOg3, ninhydrin
reagent, 5% FeCl;, ammonium hydroxide, dilute H,SO,4, benzene, NHs, chloroform, Nutrient

agar and bacterial strain.
Extract preparation

Optimized concentration of spice T. ammi about 100g dissolved in 1000ml distilled water and continue
to heating on burner for lhour, until the 2/3rd volume of extract was left behind from total amount
added distilled water. Extract was cooled and filtered using filter paper (Whattman No. 1). Now,

extract is ready for use. The extract was freshly prepared for the synthesis of Al,O3 NPs.

Phytochemical screening



Phytochemical tests provide information about the phytochemical constituents like
carbohydrates, proteins, phenolic compounds and alkaloids of plant extract. Phytochemical test

were performed out by following standards procedure:

Test for alkaloid: In a test tube concentrated extract was taken and 1 ml HCI was added in the
solution and then it was heated moderately for 20 min cooled and filter, the filtrate was used for

following test:

Wagner test: Along the sides of the test tubes few drops of Wagner reagent were added into few
drops of filtrate, brown-reddish precipitate specifies occurrence of alkaloids.

Flavonoids tests (Alkaline reagent test): When 10% ammonium hydroxide was added into
aqueous solution of extract, yellow fluorescence confirmed the existence of Flavonoids.

Test for Carbohydrate: In few ml of distilled water some quantity of extract were dissolved

and clarified. The filtrate was recycled for the following test.

Fehling Test: 1ml of each Fehling solution A and B was boiled with 1ml filtrate on water bath.

Red precipitates confirmed the presence of reducing sugars.

Test for phenol (Ferric Chloride): In aqueous filtrate of extract, little drops of neutral 5%
FeCl; were poured dropwise. A green color in its dark shade confirmed the existence of phenolic

compounds.

Test for Steroid: In test tube 1ml plant extract was dissolved in 10 ml of chloroform and equal
volume of concentrated H,SO, acid was added from the side of test tube. The acid layer showed

yellow with green fluorescence and upper layer turns red .This confirmed the presence of steroid.

Al,O3 NPs synthesis: Al,O3 nanoparticles was synthesized by Co-precipitation method. In first step,
Sodium hydroxide was mixed with extract and Aluminium chloride react with Sodium hydroxide. In
second step, Aluminium hydroxide leads to formation of Al,O3 nanoparticles. In this method extract

acts as reducing agent.
AICl; .6H,0+ 3NaOH ———» Al (OH) ;3 + 2NaCl

AI(OH); ——————  Al,Os+3H,0



PROCEDURE:

For the preparation of Al,O3NPs, 60g of AICI; was dissolved in 200ml distilled water and 180g of
NaOH in 200ml distilled water in ratio of 1:3. The extract was mixed with AICI3 solution in the beaker
at 25°C and was put in funnel. On lower side, NaOH in a flask on hotplate, funnel on upper side and
thermometer hang in it. The extract and AICI; solution fell drop by drop from funnel into NaOH
solution which is on hotplate. Both the solutions of AICI; and NaOH were mixed with magnetic stirrer.
The temperature which was recorded at this time between 60-80°C. At this point, the formation of
nanoparticles was started. The second step of synthesis is washing. After centrifugation, the mixture
was left for 24 hours. Next day, washing was done. During washing small quantity of ethanol was also
added for the removal of some extra impurities. Last step is the filtration and drying. Dried NPs were
obtained after 72 hours at room temperature, followed by calcined at 450°C for three hours in muffle

furnace and then subjected for the characterization of Al,O3NPs.

Characterization Techniques

Characterizations (shape, size, morphology, crystal structure, elemental composition,and
surface area) were hold out using Scanning Electron Microscopy (SEM), UV-Vis spectroscopy,
Fourier Transform Infra-Red Spectroscopy (FTIR), X-ray Diffraction (XRD) and energy
dispersive x-ray (EDX).
Biological potential of nanoparticles: Antibacterial activity of Al,O3; nanoparticles was done
against two bacterial strains (E.coli, S. aureus). Antibacterial potential of plant extract were
determined by using well diffusion method.
Well diffusion assay: By using a well diffusion experiment against (E.coli, S.aureus), the
antibacterial activity of Al,O3 nanoparticles was investigated. (Swenson, Killgore, & Tenover,
2004) with little amendments.

Powdered Al,O3; nanoparticles were diluted 1 percent DMSO to make Al,O3; nanoparticles
solution for antibacterial activity. Similarly, solution of antibiotic was prepared by adding 100mg
of antibiotic (Oxytetracycline) in one mg of distilled water. We used the backside blue
micropipette tips to make two wells in the agar plate after inoculation. Aluminium oxide
nanoparticles (100L) were then added to one well and antibiotic to another well. The plates were
then incubated at 37°C for 18 to 24 hours. The zone of inhibition around the wells was seen after

incubation, and the zone diameter was measured in millimeters (mm) with the ruler. It has
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previously been observed that as the concentration of nanoparticles increases, so does the
inhibition of growth of bacteria takes place (Al-Fakeh & Alsaedi, 2021).

Statistical analysis: The data was reported, mean SD, by conducting the experiment in singlet
(n=1). Minitab 2000 Version 13.2 statistical software was used to analyze the data at a 5%
reasonable scale (Minitab Inc. Pennsylvania, USA). Data on antibacterial activities is given as
mean values with a 95% confidence range. LSD was used to calculate substantial variation in

mean.

RESULTS AND DISCUSSION:

Phytochemical analysis: Medicinal plants have bioactive constituents including terpenoids,
fatty acids, phenols, saponins, resins, tannins, alkaloids, glycosides, steroids, carbohydrates and
flavonoids. Phytochemical screening of T. Ammi was carried out which revealed the presence of

phenols, tannins, alkaloids, steroids, saponins, reducing sugars, amino acids and anthroguinone.

Alkaloids: Alkaloids are classified on the basis of the presence of fundamental hetero aromatic
structures. The alkaloids are present in T. Ammi. Alkaloid structure containing the cyclic rings
with phenolic group and nitrogen containing groups that are responsible for the reduction of
Aluminum oxide Nano particles. Similarly other researcher also shows the presence of alkaloids
(Bairwa et al., 2012).

Flavonoid: Flavonoid is the generic term for substances with al5-carbon backbone. At its most
basic, the skeletal is made up of 2 aromatic ring (A- and B-rings) linked by a 3 -carbon bridge
(C-ring). The yellow precipitation formed in the procedure confirmed the presence of flavonoids
in T. Ammi. Flavonoids are phytonutrients that belongs to polyphenol class, which is commonly

used in continental food and Ayurveda medicines (lwashina, 2000).

Reducing sugars: Carbohydrates are also called as reducing sugars and act as medium of
energy. They also influences blood glucose, lipid metabolism and insulin by fermentation. They
help to control different type of diseases like constipation, bone mineral destiny, body weight
and diabetes. The presence test shows that reddish brown color reveals the presence of reducing
sugar. They are weak oxidizing agents. Reducing sugar has the property of generating one or

more compounds containing an aldehyde group in an agueous medium (Florence et al., 2015).



Phenols: Phenols in plants are bio active compounds that are very reactive, soluble in organic
solvents and water while having pungent smell. Phenols are very useful in pharmaceutical
industry act as anti-oxidant and also having anti-carcinogenic and anti-diabetic properties. The
result of present study reveals that dark green color appears in the test tube that indicates the
presence of phenolic group. The present study is in agreement with the (Robards, 2003) who

determined the presence of phenols in plants.

Steroids: Steroids are often associated with secondary phytochemical constituents because all
these categories, such as vascular oligosaccharides and alkamines, are found in only some plant
families. Nevertheless, it will become more apparent that most seedlings consist of a mixture of
steroid, and are vital cellular components in membrane formation and the fluids present in the

cell.

Steroids are organic compounds containing four rings arranged in regular molecular structure
that are biologically active. The functional group attached with the four rings and the oxidation
state distinguishes the steroids. Green color reveals the presence of Steroids in the present study
IS supported by the investigation by (Bairwa et al., 2012) who revealed the presence of steroids

in plant of Trachyspermum ammi.

Sr.no. Tests Trachyspermum ammi

1. Alkaloids ( by Wagner test) (+)




2. Flavonoids (alkaline reagent) (+)
\
.
3. Reducing Sugars (+) —
Carbohydrates ( by Fehling Test) i
4. Phenol (Ferric chloride test) (+)
5. Steroid (+) BN

Table: Result of phytochemical evaluation

UV- Visible Spectroscopy

UV-Visible spectroscopy is an important technique used for the characterization of nano particles. Its
principal is chased an absorption of UV-Visible radiation. The absorbance peak from 200nm to 400nm
show presence of nano particles. The broad band is observed of Aluminum Oxide towards blue shift at
345.4nm (Nduni et al., 2021). A smaller absorption edge is advantageous for simpler electronic

conductivity (greater energy transformations) and consequently quicker ionic conductivity.
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Figure 3.1 UV/Visible spectrum
FTIR Analysis:

FTIR is a time-saving, non - destructive approach for detecting a variety of functional groups and is
responsive to fluctuations in chemical composition. The information provided by FTIR is influenced by
the chemical composition and physical condition of the entire sample (Cocchi et al., 2004). Figure
given below shows the spectrum of FTIR of biosynthesized Al,O3; Nanoparticles using Trachyspermum
ammi. The absorption bands are observed. The bands are at 710.71cm™, 871.08cm™, 1406.23cm™ and
3366.11cm™. The peak present at 710.71cm™ shows the C=C bending of 1,2-disubstituted diene (cis)
while 3366.11cm™ shows the N-H stretching of Aliphatic primary amines. The peat at 1406.23cm™
shows the O-H bending of alcohols. The broad curve between 710.71cm™, 871.08cm™ and 1021.12cm™
shows the bending of Aluminum oxide. The peak at 1021.12cm™ Al bending of biosynthesized Nano

particles (Chu et al., 2019).
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Figure 3.2: FTIR Spectrum

Table: Evaluation of different functional groups in FTIR spectrum

IR Ranges (cm™) Functional groups Compound class

710.71 C=C bending 1,2 disubstituted dienes (cis)
871.08 Al bending Al,O3 NPs

1406.23 H bending Alcohol

3366.11 N-H Stretching Amine compounds

Scanning Electron microscope (SEM)

Scanning electron microscope is used for investigating topographies of nano particles at very high
magnifications. It's a sort of electron microscope that scans the surface with a focused stream of
electrons to obtain pictures of nano particles. A grid scan pattern is used to scan the electron beam, and
the location of the beam is coupled with the intensity of the received signal to create a picture. The
patterns of Aluminum oxide nano structures were depicted in the picture of SEM examination.
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When subjected to the energetic electrons of the SEM, the bright regions of the picture
demonstrate a strong generation of secondary electrons. Because of the high specific surface area
ratio in certain places, this is the case. SEM images showed that Aluminum oxide Nano-particles
are almost spherical in shape, irregular and also showed agglomeration of disc shaped

nanoparticles.
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Figure 3.4 Size distribution ratio of Al,O3 NPS in nm.
X-Ray Diffraction (XRD)
XRD is a technique for determining the lattice parameters of a substance. XRD pattern of
synthesized AI203 nanostructures using the extract of Trachyspermum ammi is shown in figure.
The intensive peak were observed at 20 = 26.5°c with (002) orientation. While rest of peak at
26=29.4, 38.96and 47.92 are corresponds to the planes (101), (102) and (220).These mentioned
peaks are in agreement with the standard JCPDS card number then the nan particle size was
determined by using the data from the XRD pattern by using the Scherer formula

D=kM\BcosO

Where, D = crystallite size
A = wavelength of the X-rays produced in the machine

B = width of a peak at half of its intensity



0 = angle of the corresponding peak

k = shape factor

“The average crystallite size was found to be about 25.7nm
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Figure 3.5 XRD Analysis ofAl,O3

Table: Particle size of AI203 nano particles from XRD data

60 70

K A Peak Position B (FWHM) crystallite size (L)
20
(A) [©) [©) nm
0.94 1.54178 29.4 0.25575 33.56685
0.94 1.54178 38.96 0.38196 23.05976
0.94 1.54178 47.92 0.42713 21.27393

Average particle size: 25.7nm




Energy-Dispersive X-ray Spectroscopy (EDX/EDS)

Energy dispersive X-Ray spectroscopy is used to analyze the structure and analytical constitution
of substances (Zadora & Brozek-Mucha, 2003).EDX spectroscopy is used to determine the
chemical compositions of a material and use a SEM. EDX can identify elements qualitatively
and quantitatively (Abd Mutalib et al., 2017). EDX spectrum shows the presence of Al and O in
the biosynthesized Aluminum oxide nano particles as shown in the figure. The peaks other than
Al and O showed the presence of impurity (Sumesh & Kanthavel, 2019).

EDS Spot 1
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Table: Elemental ratio of Al,O3; Nano particles

Element Weight % Atomic %
C 11.50 17.52

O 50.09 57.32

Al 30.22 21.318

Ca 8.19 3.842
Total 100.0 100.0




Biological potential of Al,O3; nanoparticles

Antibacterial activity of Al,O3 nanoparticles was done against two bacterial strains (E.coli, S.
aureus). Antibacterial potential of plant extract were determined by using well diffusion

method.
Well diffusion assay

By using a well diffusion experiment against (E.coli, S. aureus), the antibacterial activity of
Al,O3 nanoparticles were characterized with little amendments.

Powdered Al,O3 nanoparticles were diluted 1 percent DMSO to make Al,O3; nanoparticles
solution for antibacterial activity. Similarly, solution of antibiotic was prepared by adding 100mg
of antibiotic (Oxytetracycline) in one mg of distilled water. We used the backside blue
micropipette tips to make two wells in the agar plate after inoculation. Aluminium oxide
nanoparticles (100L) were then added to one well and antibiotic to another well. The plates were
then incubated at 37°C for 18 to 24 hours. The zone of inhibition around the wells was seen after
incubation, and the zone diameter was measured in millimeters (mm) with the ruler. It has
previously been observed that as the concentration of nanoparticles increases, so does the
inhibition of growth of bacteria takes place (Al-Fakeh & Alsaedi, 2021).

Table: Antibacterial activity of Al,O3;nanoparticles

DIZ (mm)
Bacterial strain
Al,O3 NPs. Oxytetracycline
E.coli 18+2.06 19+2.06
S. aureus 16+1.86 17+1.86

The zones of inhibition are given in the table. The zone of inhibition for E.coli and S. aureus is at
18 and 16 respectively. The highest diameter of inhibition zone of Al,O3; nanoparticles was found

to be 18mm against E. coli.



CONCLUSIONS

Trachyspermum ammi was used to successfully manufacture and analyze Aluminium oxide
nanoparticles. These nanoparticles' functional groups, crystalline structure, crystalline size,
morphologies, and characteristics were compared to those of ordinary Aluminium oxide
nanoparticles. Then these nanoparticles are characterized by different techniques UV-Vis, FTIR,
XRD, EDX and SEM. UV-visible spectroscopy shows the maximum absorption at the
wavelength of 345.5nm. FTIR shows the Al,O; nanoparticles peaks between 871.08cm™ and
1021.12cm™. SEM and XRD analysis shows that they are spherical and oval shape having
crystallite size of 25.7nm. EDX shows the elemental analysis and the impurity that is Calcium.
Phytochemicals analysis done by using different chemical reagents that shows the presence of
phyto-constituents in Trachyspermum ammi. Antibacterial potent of different bacterial strains
were determined by using well diffusion assay. The natural mechanism would be more exquisite
in manufacturing a range of other significant ceramic nanoparticles if it remained connected to
green chemistry principles, practical efficiency, and the mildness of the reaction, economic
viability, and biomedical application. In future we can make perfect material for Far-Infra red
material, improve the plastic wear industry, decreasing the density of ceramic materials and in

aerospace materials for making aircraft wings leading edges.
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