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ABSTRACT

Objective: The aim of the present study is to synthesize the silver (Ag) nanoparticle using Aloin with a focus on its antibacterial, antioxidant, and 
anticancer activity.

Methods: The silver nanoparticles were synthesized using Aloin and were determined by UV-Visible spectrum. It was further characterized by scanning 
electron microscope (SEM), zeta potential, and dynamic light scattering (DLS). The Fourier transform infrared analysis was also carried out for the Aloin.

Results: The UV-Visible absorption spectrum of the synthesized silver nanoparticles has shown the absorption peak at 439nm which proves the 
formation of silver nanoparticles in the solution. The SEM analysis revealed that the Ag nanoparticles were spherical in shape. The IR spectra showed 
that there are 6 functional groups are present in Aloin extract. The synthesized nanoparticles are found to be highly stable with an average particle size 
of 130.7nm which was confirmed by zeta potential and DLS analysis. The synthesized nanoparticles had a good antibacterial and antioxidant activity. 
It shows a very good cytotoxic effect against breast cancer cell line.

Conclusion: The present study suggests that the synthesis route is free from the requirements such as high energy, extended preparation time, and 
special equipments and thus can be used for large-scale synthesis in food industries for food preservation and these Ag nanoparticles can be used for 
its therapeutic purposes for developing a new drug against cancer.
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INTRODUCTION

Nanoscience and nanotechnology are the investigation and utilization of 
extremely small things and can be worn across all the other science fields, 
such as chemistry, biology, physics, materials science, and engineering [1].

Current research in inorganic nanomaterials having good therapeutic 
properties has opened a new era in medicinal fields. Nowadays, the 
reinforcement of potent green methods for the synthesis of inorganic 
nanoparticles has become an exceeding intention of the researchers. 
The biosynthesis of nanoparticles has been designed as a profitable and 
environmentally friendly alternative to chemical and physical methods.

Silver nanoparticles have fascinated and demandable research of 
interest in the field of nanotechnology, due to its distinct properties 
such as catalytic activity, chemical stability, surface-enhanced Raman 
scattering, good conductivity, and antimicrobial activity [2].

The nanoparticle synthesis using plant extracts is highly fruitful, and 
hence can be used as a commercial and valuable alternative for the 
massive production of metal nanoparticles. In general, plant extracts 
may act both as reducing and capping agents in the synthesis of 
nanoparticles. The essential and analytical roles of plants in bio-based 
protocols for metal nanoparticle production and the green synthesis of 
metal nanoparticles using Aloin have been discussed.

In this present study, Aloin has been used which was extracted from 
Aloe barbadensis miller. It also contains salicylic acid that possesses 
anti-inflammatory and antibacterial properties, and it also contains 75 
potentially active constituents, especially vitamins, enzymes, minerals, 
sugars, lignin, saponins, salicylic acids, and amino acids [3-5]. The 
current investigation focused on using the sample Aloin to synthesize 

the silver nanoparticles at various experimental conditions and thereby 
improving the attention of plant source and involving green chemistry 
for the synthesis of other nanoparticles as future research.

METHODS

Chemicals
Silver nitrate, potassium bromide, ethyl acetate, agar-agar medium, and 
methanol were obtained from Eswar Scientific and Co., Tiruchirappalli. 
All the chemicals purchased were of analytical grade.

Collection and preparation of Aloin extract
Fresh leaves of A. barbadensis miller were collected from Kulumani 
village in Tiruchirappalli. The collected leaves were washed thoroughly 
with distilled water, and ethyl acetate solution and its extract were 
collected in a brown bottle and stored in the refrigerator. The Aloin was 
further extracted using Soxhlet extraction method.

Soxhlet extraction method
The collected sample is placed in a thimble holder. The thimble containing 
the material is then placed in the Soxhlet extractor. Here, we are using 
ethyl acetate (LR grade) as the solvent which was loaded into the round 
bottom flask was heated at reflux. Moreover, the cold water is continuously 
passed through the condenser at the inlet and removed out at the outlet 
of the pipe. As the solvent gets boiled, its vapors rise up and is condensed 
by the condenser. The condensed solvent then fills up the thimble. After 
it is filled with enough amount of solvent, it automatically siphons back 
down into the container of organic solvent carrying the extracted active 
ingredient into the bulk liquid. This process takes place over and over 
again until all the sample was extracted from the A. barbadensis miller 
plant. The sample obtained from the soxhlet extraction was then stored 
in an airtight container at 4°C for further analysis [6].
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Synthesis of silver nanoparticles
About 2 mM silver nitrate solution was prepared by weighing 0.1698 g 
of silver nitrate accurately and dissolved in 50  ml of deionized water. 
The prepared silver nitrate solution was covered with an aluminum 
foil to prevent the photochemical reaction. For the synthesis of silver 
nanoparticles, 1  ml of the silver nitrate solution was taken in an 
Eppendorf. To this, 50 µl of the stock solution was gradually added in a 
dropwise manner without any contamination. After gradual addition, the 
solution is irradiated in the microwave oven at 60°C. Within 30 s, the silver 
nanoparticles were formed without any agglomeration, which indicates 
that the synthesized nanoparticles were highly stable. The formation of 
the silver nanoparticles was confirmed by the gradual color change of the 
reaction mixture of transparent yellow to dark reddish brown.

RESULTS AND DISCUSSION

Visual observation
An aqueous solution of 2 mM silver nitrate was used for the synthesis 
of silver nanoparticles. For the synthesis of silver nanoparticles, about 
50 µl of the sample was added to 1 ml of 2 mM silver nitrate solution. 
This was then irradiated at 60°C in a microwave oven for 30 s. The 
color of the extract gradually changes from transparent yellow to dark 

reddish brown. The color of the solution remains the same for more 
than 20  days at 4°C. Then, the reaction mixture was centrifuged at 
20,000 rpm for 20 min to obtain a pellet which was used for further 
study. The supernatant was discarded, and the pellet was dissolved in 
double distilled water and stored at 4°C for further analysis. The color 
change of the solution from transparent yellow to dark reddish brown 
was shown in Fig. 1.

UV-visible spectroscopy
The bioreduction of nanoparticles was monitored periodically by UV-
visible spectroscopy. Figs. 1-4 shows the absorption peak at 439  nm 
which proves the formation of silver nanoparticles in the solution.

The initial pale yellow color of the solution turned dark reddish brown. 
This shift in color is due to the surface plasmon resonance (SPR) band. 
This property is observed in the silver due to the presence of free 
electrons [7].

Fourier transform infrared (FTIR) spectroscopy
The FTIR measurement was done to find out the biomolecules present 
in the plant extract that is responsible for capping and reducing agent 
for the synthesis of silver nanoparticles. This technique is used to 
estimate the purity of a sample and is highly anticipated for identifying 
the base polymer composition, additives, and organic contaminants [8].

The infrared spectrum of the plant extract as shown in Fig. 3 was in 
the wavelength range of 686.87–3432.77 cm−1, and there were six 
functional groups are present (Table 1).

Scanning electron microscope (SEM)
The SEM analysis was employed for the characterization of size, shape, 
and morphology of the synthesized nanoparticles [9]. As the size and 
morphology of particles were characterized using SEM, Fig. 4 indicates 
that the synthesized silver nanoparticles were spherical in shape and 
the details regarding applied voltage, magnification used and size of the 
contents of the images was implanted on the images.

Zeta potential analysis
To study the stability of the synthesized nanoparticles, measurement of 
zeta potential was carried out as the stability is extremely important for 
many applications (Figs. 5-11).

Fig. 2: UV-visible spectrum of silver nanoparticles

Fig. 1: (a) 2 mM silver nitrate solution, (b) Aloin extract, (c) color 
change after the addition of Aloin extract, (d) color change after 

microwave irradiation

dcba
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Antibacterial activity
The results of the antibacterial activity of the synthesized silver 
nanoparticles were tested against pathogens by disk diffusion method 
are shown in Table 2.

Fig. 3: Infrared spectrum of Aloin extract

Fig. 4: Scanning electron microscope images of silver 
nanoparticles

Table 1: Functional compounds of Aloin analyzed using FTIR

Wavelength (cm−1) Vibration type Functional Group
686.87 C‑H bending Aromatic
879.20 C‑cl stretch Aromatic acid halide
1047.16 C‑O‑C stretching aliphatic Ether
1078.14 C‑O‑C stretching aliphatic Secondary alcohol
1254.75 C‑O‑C stretching Ether
1406.45 C‑O stretching Phenols
1452.21 Ring aromatic stretch Aromatic
1642.48 C‑H stretching Aldehyde
2111.36 C=C stretching Monosubstituted
2903.39 C‑H stretching Aldehyde
2980.87 C‑H stretching Methylene
3432.77 OH stretching Alcohol
FTIR: Fourier transform infrared

Table 2: Antibacterial activity of the synthesized silver 
nanoparticles

Sample Concentrations  
(µg/ml)

Organisms/zone of 
inhibition (mm)

Aqueous extract of silver 
nanoparticles

Pseudomonas 
aeruginosa

Staphylococcus  
aureus

Silver 
Nanoparticles

30 0 0
60 0 0
90 7 7
120 8 7
150 9 7

Methanol 10 µl/disc 0 0

When particles in a colloidal system have large negative or positive 
zeta potential, repulsion forces between them prevents aggregation. In 
contrast, when nanoparticles present low surface charges, the absence 
of repulsive forces favors agglomeration. In this context, nanoparticle 
suspensions with zeta potential values >+25 mV or <-25 mV usually 
form high stable suspensions [10]. The value of zeta potential for 
synthesized silver nanoparticles is −19.1 mV which indicates that the 
synthesized nanoparticles are highly stable.

Dynamic light scattering (DLS) analysis
The present study used DLS to evaluate the size distribution of the 
synthesized silver nanoparticles in aqueous solution.

The results of DLS showed silver nanoparticles with an average particle 
size of 130.7 nm.

Due to its smaller size and high stability, these nanoparticles are 
highly recommended in medicinal fields especially for the treatment of 
cancer [11].
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The silver nanoparticles showed growth inhibitory activity against 
Pseudomonas aeruginosa (9 mm) and Staphylococcus aureus (7 mm) at 
concentration 150 µg/ml.

At concentration 120 µg/ml, the synthesized nanoparticles exhibited the 
antibacterial activity against P. aeruginosa (8 mm). However, the silver 
nanoparticles showed better inhibitory actions against pathogens at a 
concentration of 90, 120, and 150 µg/ml than at lower concentration. 

Fig. 5: Zeta potential analysis of synthesized silver nanoparticles

Fig. 6: Size distribution analysis by dynamic light scattering

Table 3: The total antioxidant activity of Aloin extract

Concentrations (µg) µg equivalent 
to AA B1

µg equivalent 
to AA BHA

10 7.99 12.68
50 13.11 19.96
100 22.59 38.15
BHA: Butylated hydroxyanisole
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Fig. 7: Antibacterial activity of the synthesized silver 
nanoparticles 

Fig. 8: B1 and butylated hydroxyanisole assay

Fig. 9: Graphical representation of the antioxidant activity of 
Aloin extract

indicates that the synthesized nanoparticles had good stability. The 
results of DLS analysis showed that the synthesized nanoparticles 
had an average particle size of 130.7  nm. The antibacterial studies 
revealed that they are highly toxic against P. aeruginos and S. aureus. 
The anticancer activity of peptide-based silver nanoparticle is amazing; 

As the concentration of extracts increased from 30 to 150 µg/ml, the 
inhibitory actions of the plant extracts increased toward all the strains 
used in this study [12].

Antioxidant activity
Methodology
Various concentrations of samples (10 µg, 50 µg, and 100 µg) were 
taken and 1.9 ml of reagent solution (0.6 M sulfuric acid, 28 mM sodium 
phosphate, and 4 mM ammonium molybdate) were added in a series 
of test tubes. The tubes were incubated at 95°C for 90 min and allowed 
to cool. The absorbance of each of the aqueous solution was measured 
at 695  nm against a blank. Antioxidant capacities are indicated as 
equivalents of ascorbic acid. Ascorbic acid equivalents were determined 
using the standard graph of ascorbic acid. Butylated hydroxyanisole 
(BHA) was used as reference standard (Table 3) [13,14].

Peptide-based silver nanoparticle and its anticancer activity
The test item AgNP-Peptide was tested against the MCF-7 cell line. 
The test item concentrations ranging from 1000, 300, 100, 30, 10, and 
3 µg/ml in the semi-logarithmic range was used to assess the growth 
inhibition properties of the test compound. Each concentration was 
performed in quadruplicate, and cumulative variation was maintained 
<20% between the data points.

The test compound is showing a cytotoxic effect on the tested cell 
line [15,16]. The IC50 value for the AgNP-peptide is showing at 22 ug/ml. 
Results and raw data have been illustrated in the following Tables  4 
and 5, graph.

It has been found that the silver nanoparticles that were prepared 
from Aloin show a good cytotoxic effect against the MCF-7 cell line [17]. 
However, those nanoparticles only minimize the affected cells, but the 
peptide linked silver nanoparticles not only destroys but also prevents 
the cancer cells.

CONCLUSION

The green synthesis of silver nanoparticles was successfully carried out 
through microwave assisted green synthesis using silver nitrate as the 
precursor, and the Aloin extracted from A. barbadensis miller is used as 
the reducing agent.

The SPR band at 439 nm in the UV-visible spectrum clearly indicates 
the formation of silver nanoparticles. The FTIR analysis confirmed 
the list of compounds that are present in the Aloin. The sample that 
was extracted from the plant, A. barbadensis miller showed a good 
antioxidant property. The SEM analysis showed that the synthesized 
silver nanoparticles were spherical in shape. The zeta potential analysis 

Table 4: Raw data absorbance values at 570 nm and percentage growth inhibition

Sample 1 2 3 4 5
A 5PL1:1 1000 Ag‑NP SPL1:1 1000 Ag‑NP SPL1:1 1000 Ag‑NP Untreated control TO
B SPL1:2 300 Ag‑NP SPL1:2 300 Ag‑NP SPL1:2 300 Ag‑NP Untreated control TO
C SPL1:3 100 Ag‑NP SPL1:3 100 Ag‑NP SPL1:3 100 Ag‑NP Untreated control TO
D SPL1:4 30 Ag‑NP SPL1:4 30 Ag‑NP SPL1:4 30 Ag‑NP Untreated control
E SPL1:5 10 Ag‑NP SPL1:5 10 Ag‑NP SPL1:5 10 Ag‑NP Untreated control
F SPL1:6 3 Ag‑NP SPL1:6 3 Ag‑NP SPL1:6 3 Ag‑NP Untreated control

Table 5: % Cytotoxicity

Sample 1 2 3 4 5
A 165.4 165.2 165.4 −14.7
B 164.4 165.1 164.7 −7.3
C 144.9 150.4 148.2 9.3
D 92.8 95.5 95.0 6.1
E 46.0 44.5 47.5 0.5
F −10.0 4.4 −12.2 6.2
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it is capable to kill the cancer cells. The test compound is showing the 
cytotoxic effect on the breast cancer cell line.
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