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Abstract

Nanoparticle research is fascinating and getting hold of consequences due to the wide
variety of applications in the biomedical field. Green synthesis of nanoparticles is a cost-
effective and eco-friendly approach. It can be synthesised using fungi, algae, plant, yeast,
bacteria, microbial enzymes etc. Our current research study focuses on the green synthe-
sis of silver nanoparticles using seed extract of Cassia fora. The colour change from yel-
low to red colour confirms the formation of silver nanoparticles. The synthesised silver
nanoparticles were characterised by Ultraviolet—Visible spectroscopy, Fourier-transform
infrared (FTIR), X-ray diffraction analysis (XRD), Scanning Electron Microscopy (SEM)
and antibacterial efficacy against three different strains were analysed. The surface plasmon
resonance of synthesised AgNPs using Cassia tora seed extract shows maximum absorp-
tion peak at 423 nm in UV-visible spectroscopy. X-ray diffraction displays the crystal-
line nature of synthesised AgNPs and they exhibited four distinct peaks at 36.69°, 42.92°,
63.27° and 76.46°. The particle size of synthesised AgNPs observed through SEM was
found to be 55.80 nm, 58.97 nm, 61.06 nm, 63.26 nm and 64.80 nm. S.aureus exhibited
maximum zone of inhibition of 12 mm and 13 mm when treated with 25 and 50 pl of
the synthesised nanoparticles. Thus, the green synthesised silver nanoparticle using Cassia
tora seed extract proved to possess strong anti-bacterial activity.
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Introduction

Infectious diseases have a great incidence and high outbreak rate. It may cause due to
bacteria, fungi, parasite or viruses. They can be communicable or non-communicable
diseases. Common signs for infectious diseases are diarrhoea, fever, coughing, severe
throat, muscle pain, weakness of muscle and bones. Person who gets infection are rec-
ommended to consult a physician and to follow up treatment or else it can become a
life-threatening problem [1]. According to world health organisation, infectious dis-
eases can be divided into three categories such as high-level mortality, high population
and diseases caused due to their rapidness and unexpected nature of outcome. They can
multiply hastily from one host to another [2]. A survey described that about 3.0 million
deaths occurred due to pneumoniae and diarrhoea illness and 1.3 million deaths due to
tuberculosis. Worldwide, single infectious diseases like HIV/AIDS, tuberculosis and
malaria are the major causes of death, top ten ranks in global list for causes of death
[3]. Among, the common diseases like heart disease, cardiac arrest, stroke, Alzheimer,
lung cancer and diabetes, bacterial infections are more common in humans. Urinary
tract infection is one of the bacterial infections caused by E.coli and Enterobacter like
Klebsiella and around 30 to 50% of men are suffered from these contagious diseases.
Bacterial vaginosis is mostly common in women [4]. Skin, the largest and important
organ of the body, provides protection against infection. However, due to the stability
of pathogenic organisms, they expose different type of illness like cellulitis, impetigo,
leprosy [5]. Remedy for these contagious sicknesses are drugs, vaccines and clean sur-
face, hygiene. Amoxicillin, doxycycline, ciprofloxacin, clindamycin, metronidazole,
azithromycin, cephalexin, sulfamethaxozole are regular antibiotics for ailment [6]. Tra-
ditional medicine or herbal plants were used for treatment of the above-mentioned dis-
eases due to unavailability of drugs and vaccines. However, most of the drugs mimic
or else get inspired from traditional herbal medicine chemical components [7]. The
main advantages of using herbal medicines are safety, durability, inexpensive and do
not cause any aftermath. They demonstrate promising effect in disease like cancer, dia-
betes, cardiovascular infection, atherosclerosis, cholesterol, cognitive complications
and toxicity [8]. One of the edible herbal therapeutic plants is Cassia tora also named
as Senna tora. Foetid cassia, the sickle senna and wild senna are the English name for
this plant. It belongs to the family Leguminosae. It is usually grown in the wasteland.
The roots, leaves and seeds of this herbal plant possess remedial value [9]. The impor-
tant chemical constituents in Cassia tora roots are 1, 3, 5-trihydroxy-6, 7-dimethoxy-
2-methylanthraquinone and f-sitosterol. Cassia tora seeds have Naptho-a-pyrone-
toralactune, chrysophanol, physcion, emodin, rubrofusarin. Kaempferol, palmitic and
d-tartaric acids uridine, quercitin and isoquercitrin are found in the leaves of C. tora
[10]. The seeds are 1 cm long, 3—4 mm thick, greenish to brown in colour, smooth and
shiny. Similar to emodin compound, glucosidal substances may be seen in seeds of
Cassia tora. Seeds from this plant protect the liver from the damage and used to treat
herpes. They can be used in ayurvedic medicine as anthelminthic, ophthalmic, liver
tonic, laxative, cough relief and treatment for constipation, ringworm, bronchitis, car-
diac disorders. It is also used as protein source for birds and livestock. Commercially,
roasted C. tora seeds are used instead of coffee and C. fora gums are used as binding
and emulsifying agent [11]. Seed paste with buttermilk can be functional for ringworm
and scabby infections [12]. Dosage of powder seed is 1 to 3 g for therapeutic treat-
ment. High dosage intake may cause adverse effects like loose motions, reduced sperm
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count, red blood cell level will get lower and weight loss can be noted [13]. Commer-
cially, it is also used as an antiseptic cream as it possesses broad spectrum of antibac-
terial activity towards pathogenic microorganisms [14].

Nanotechnology is the future approach in research study which is spreading all over
the world. Basic research and development in nanotech products are carbon nanotubes,
quantum dots, etc. [15, 16]. They are used in medical imaging, nano-glue, nanorepel,
and in computers as 10 nm chip. It is commonly used in tennis ball to keep bounc-
ing for longer duration. It can be practical to industrial and medicinal field as nano-
medicine like developing vaccine, follow up of patients, diagnosis and to deliver drug
[17, 18]. Peculiar properties of nanoparticles are small in size, large surface area and
mechanical property helpful in antibiotic, antioxidant and anticancer activity. Impor-
tant branch in nanomedicine is preparation of metal nanoparticle like silver, gold, plat-
inum, copper, zinc, magnesium and titanium. Top-down and bottom-up approaches are
two methods for preparing nanoparticles [19]. Synthesis of nanomaterial is an innova-
tive idea but also, they had some challenges like lack of mechanism understanding,
expensive, problem in device and toxicity. To overcome this, a new technique termed
as green synthesis method was introduced. Green synthesis of metallic nanoparticles is
produced from microorganism like bacteria, fungi, algae and plant source like leaves,
roots, stem, flower, fruit and seed [20]. It gains their attention due to low toxicity,
cheap, eco-friendly and less time consumption, minimization of waste and reduction
of pollution. Plant encompasses good bioactive metabolites such as alkaloid, tannins,
carbohydrate, proteins, polyphenols, flavonoids, amines and aldehydes which can con-
dense, stabilise and act as capping agent for metal nanoparticles during the conver-
sion from metal ions [21]. Among the various metallic nanoparticles, AgNP emerge as
a most prominent non-toxic nanoparticle to human health. Antimicrobial, anticancer
studies were reported in silver nanoparticles and other functions like anti-inflamma-
tion, antioxidant were seen [22]. They will break through into the cell wall of bacteria
and transform the cell membrane structures which escort cell death. Following this
mechanism, the development of natural antibacterial agent is much needed to limit the
multidrug resistant pathogens [23]. The list of natural product mediated synthesis of
silver nanoparticles and the inhibitory effect on certain bacterial species were repre-
sented in Table 1. The main objective of our study is the green synthesis of silver
nanoparticle from the aqueous seed extract of Cassia tora and characterisation of the
synthesised AgNP by UV-visible spectroscopy, FT-IR, XRD and SEM. The antimicro-
bial efficiency of the synthesised silver nanoparticle against pathogens such as Staphy-
lococcus aureus, Escherichia coli IMTCC 433) and Klebsiella pneumoniae (MTCC
432) is shown in Fig. 1.

Materials and Methods

Chemicals

Silver nitrate (AgNO;), Luria Bertani agar, Luria Bertani broth, concentrated hydrochlo-
ric acid, concentrated sulphuric acid, Mayer’s reagent, 5% ferric chloride and 10% ferric

chloride, Fehling’s solution A and Fehling’s solution B, 1% copper sulphate, 5% sodium
hydroxide, chloroform and glacial acetic acid of analytic grade were used in the study.

@ Springer



467

Applied Biochemistry and Biotechnology (2022) 194:464-478

[og] SNAINE S PUE SI[EIL] SNOJ000IOIUH [BITUI[O ‘SnAINe snd020[Ayders s10enx9 [9od Jmijodern L
[62] snaIne snod0d0[Aydelg pue suadsaIoNy Seuowopnasd ‘veruownaud BI[AISTY] ‘T[09 BIYILIAYOS S10BIXH JeT BALJES SIqRUUR)) 9
[82] 109 BIYOLIdYOSH pue seruownaud B[[aI1Sqary] ‘SIIQns sn[[Ioeg ‘snaine sndd0dojAydels syoenxe [ood wnjeues eoung S
[L2] Bsoursnioe J JOBIXI BIBIIA SLIA)J ¥
‘oeruownaud snoo000)dong
[92] puE snaIne snod0d0[Ayde)s JueISISAI-UI[[IOIYIAW ‘SNAINE SN200[AYdels ‘1[0d BIYoLIYISH ‘SInqns snfjioeyq JoeIIX0 PI9S BIJI[AIoRp XIU0YJ ¢
[szl souagoykoouow 1 19ad 9yeueISowoq Z
[¥2] (1109 “g) 1[0d LIYOLISYISH pue (SINqns g) sinqns sn[roegq joenxe pass wniStu radig 1
SOOURIYNY uodn A1Anoe [eLIORQNUY juaSe [eInjeU JO SWeN ou-g

saponedouru ISATIS JO SISOUIUAS 0) pasn sjonpoid [einjeu jo IsI[ YL, | 3|qeL

pringer

AQs



468 Applied Biochemistry and Biotechnology (2022) 194:464-478

- Cassia tora Seed powder

Aqueous
Extraction

Characterization a..

ele]®

- £ vt o A N8

" Antibacterial
Q Activity

Seed extract
Yellow in colour

AgNp from Seed extract
Reddish brown in colour

Fig. 1 Graphical representation of synthesis and characterisation of AgNP. From C. fora seed extract and
their antibacterial activity

Bacterial Strain

Staphylococcus aureus, Escherichia coli (MTCC 433), Klebsiella pneumoniae (MTCC
432) were procured from Microbial Type Culture Collection and Gene Bank (MTCC),
India.

Collection of Seed

Cassia tora seed were purchased from LIFERR Ayurveda marketed by Sinhal Herbs,
industrial estate, Neemuch, Madhya Pradesh, India. The seeds were authenticated by a bot-

anist. About 200gm of C.fora seed were sun dried for 24 h and finely powdered. Then, it
was stored it in a clean air tight container.

Seed Extraction

The aqueous seed extraction method was carried out in the ratio of 1:30. Fifteen grams of
powdered seed was dissolved in 300 ml of distilled water and kept in hot plate for 2 h at
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50 °C. Then, it was filtered through Whatman No 1 filter paper and stored at 4 °C for fur-
ther use [31].

Synthesis of Silver Nanoparticle from Cassia tora Seed Extract

1 M aqueous solution of silver nitrate (AgNO;) was prepared and used for synthesis of
silver nanoparticles. To 100 ml of 1 M AgNO;, 100 ml of Cassia tora seed extract (25 ml
made upto 100 ml) was added and stirred overnight. The colour change from yellow to red
colour indicates the formation of silver nanoparticles and it was characterised by UV—vis-
ible spectroscopy. The synthesised silver nanoparticles were subjected to high-speed cen-
trifugation at 10,000 rpm for 10 min. Then, it was dried in thermostat for 1 h at 100 °C.
Finally, it was powdered and used for further characterisation [32].

Characterisation of Silver Nanoparticle from Cassia tora Seed Extract
UV-Visible Spectroscopy

The formation of silver nanoparticle by the reduction of silver ions was determined by
ultraviolet—visible spectrophotometer instrument in the range of 200-800 nm. Distilled
water was used for the baseline correction [33].

X-Ray Diffraction Study

The synthesised silver nanoparticle powder was subjected to X-ray diffractometer to ana-
lyse its nature. The powder was placed on the slide and the diffraction pattern was operated
at a voltage of 30 kV and current 12 mA. The data were obtained over the range of 20 to
80 °C (20) with a scanning speed of 8.0000 deg/min and step width of 0.200 deg using a
nickel monochromator [34].

Scanning Electron Microscopy

The fine powder of the obtained silver nanoparticle was used for the visualization of mor-
phological features and particle size using scanning electron microscopy (SEM) analysis
using (TESCAN VEGA3). The powder sample was dispersed in a very less amount of
ethanol and sonicated for equal distribution of the nanoparticle. Then, a small droplet was
placed on the SEM grid using a micropipette, allowed to dry followed by visualization
[35].

Fourier-Transform Infrared Spectroscopy

To identify the functional groups, present in the synthesised silver nanoparticles, Fourier-
transform infrared spectroscopy recordings were performed in the range of 400-4000 cm ™!
using (JASCO P2000, USA) [36].
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Preparation of Bacterial Suspensions

Bacterial strains were cultured in Luria Bertani broth and kept in a shaker incubator for
24 hat 37 °C [37].

Antibacterial Activity
Agar Well Diffusion Method

Luria Bertani agar was prepared. Fifty microlitres of S.aureus, E.coli and K.pneumoniae
was added into the petri plate using micropipette. It was evenly spread all over the plate
using sterile L rod. The wells of 5 mm diameter were made and the synthesised AgNO; of
25 pl, 50 pl and 100 pl was added. Cassia tora seed extract of 100 ul and 100 pl of antibi-
otic ampicillin served as positive control [38].

Results and Discussion

In the present study, Cassia tora seeds were dried in sun light for 24 h and finely powdered
by a mixer. Later, the seed powder was used for aqueous extraction method. Sterile-dis-
tilled water and seed extract were taken in the ratio 1:30 and it was kept in a hot plate and
filtered. Thus, extracted aqueous seed appeared in yellow colour which is shown in Fig. 2.

Visual assessment of colour change confirms the presence of silver nanoparticle. Reduc-
tion of silver ions to silver nanoparticle while adding seed extract of Cassia tora is the
reason for colour change. AgNO; was a colourless solution and it was mixed with seed
extract in 1:1 ratio (100 ml of 1 M AgNO;+ 100 ml of C. tora seed extract) and it is yellow
in colour. It was kept in magnetic stirrer for overnight. The observation of colour change
from yellow to reddish brown indicates the formation of silver nanoparticles which was
compared in Fig. 3.

After AgNPs were synthesised, it undergoes different characterisation methods. As sim-
ple and reliable method is UV-visible spectroscopy to monitor the stability of synthesised
AgNP. The combined vibrations of free electrons in the metal nanoparticle give rise to
surface plasmon resonance (SPR) absorption band. Previous studies reported that spheri-
cal-shaped nanoparticles were observed in the SPR region about 410 to 450 nm [39]. As
shown in Fig. 4, the synthesis of AgNPs was confirmed in the highest absorption peak at

Grinded Aqueous extraction

Cassia tora seed Powdered Seed Seed extract

Fig.2 The work flow of Cassia tora aqueous seed extraction was
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Fig.3 Synthesis of AgNPs from
Cassia tora seed extract A before
synthesis of AgNPs, B After syn-
thesis of AgNPs with Cassia tora
seed extract. A Cassia tora seed
extract+AgNO3, B AgNP from
Cassia tora seed extract
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Fig.4 UV-visible spectra for synthesised AgNP and Cassia tora seed extract
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Fig.5 FTIR analysis of synthesised AgNP. The representative peaks were tabulated
Table2 FTIR Analysis of AgNP from C.fora seed extract
No Peak appearance  Absorption region of Functional group
AgNP seed extract
1 Strong, broad 3206.08 cm™! O-H stretching, alcohol group, intermolecular bonding
2 Medium 2896.56 cm™! C—H stretching, alkane group
3 Medium 1595.81 cm™ C=C stretching, cyclic alkene. N-H bending, amine group
4 Medium 1409.71 cm™! O-H bending, alcohol and carboxylic acid group
5 Medium 1313.29 cm™! O-H bending, phenol group
6 Strong, broad 993.16 cm™! C=C bending, alkene group

423 nm and the seed extract of C. fora shows a band at 280 nm. The blue line describes
control seed extract and the dark brown red line represents AgNPs which were synthesised.

To identify the functional group of biomolecules, FTIR was measured at
4000400 cm™". Prior examine detailed O-H hydroxyl group stretching vibration in region
of 3100-3500 cm™! and C—H stretching in 2800-3000 cm™' IR region [40]. Another
research study explains that the functional group of C-O, C-H, C=C, C=0 and C-N was
observed in region between 1800 and 900 em™!. IR region from 1750 to 1600 cm™! rep-
resent (C=0) carbonyl functional group of flavonoids [41]. FTIR spectra showed promi-
nent peaks at 3762.44, 3206.08, 2896.56, 2287.16, 2033.57, 1595.81, 1409.71, 1313.29
and 993.16 cm™! for AgNP and they exhibit the functional groups such as —OH stretch-
ing, —-NH stretching, —CH bending, C-H stretching, C=C bending respectively in Fig. 5.
C-H bending vibrations were resulted to absorptions which are below 1000 cm™'. The
peak at 3762.44 and 3206.08 cm™! broad spectrum represents —OH vibration stretching
of hydroxyl group from water, alcohol, phenols, carbohydrate, etc., and also amine N-H
stretching. Another broad-spectrum peak at 993.16 cm™' found to be C=C bending alkene
compound. Absorption in 2896.56 cm™! found to be C—H stretching which is alkane which
was shown in Table 2. Therefore, FTIR results represent the presence of functional groups
like alkane, alkene, phenol, carboxylic acid, aromatic compound, benzene and amine is
responsible for capping and stabilisation of synthesised AgNPs.

AgNPs exhibit crystalline formation which is confirmed by XRD study. The X-ray dif-
fraction configuration of synthesised AgNPs from Cassia tora seeds was shown in Fig. 6.
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Fig.6 XRD pattern for synthe-
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Four distinct peaks were observed at 20 values of 36.69°, 42.92° and 63.27° and 76.46°
can be accredited to (111), (200), (220) and (311) respectively. XRD was operated at a
voltage of 30 kV and 12 mA. The data were obtained in the range of 10 to 80 °C.

Topographical and morphological studies of synthesised AgNPs were determined by
scanning electron microscopy. The AgNPs samples were used for SEM analysis. The
abovementioned Fig. 7 represents the surface morphology of AgNPs which is crystalline
in nature, truncate and non-aggregated. Different sizes of AgNPs were experimental such
as 55.80, 58.97, 61.06, 63.26 and 64.80 nm. Therefore, average size of AgNPs from Cassia
tora seeds may be 60 nm.

The synthesised and characterised AgNP from Cassia tora seeds were evaluated for
their antibacterial potential. Green synthesised AgNP from Cassia tora seed; control anti-
biotic ampicillin and aqueous seed extract were tested against the pathogenic bacteria such
as Staphylococcus aureus, Escherichia coli MTCC 433, Klebsiella pneumoniae MTCC
432 in the concentration of 25, 50 and 100 pl which were tabulated in Table 3.

Figure 8 shows the zone of inhibition of AgNP against the pathogens. The result
revealed 12 mm and 13 mm size zone of inhibition in S. aureus in 25 and 50 pl concentra-
tion. The control seed extract showed 13 mm size zone of inhibition. E. coli and K. pneu-
moniae showed their resistance to AgNP from Cassia tora seed extract.

Green synthesised nanoparticles showed potential antibacterial activity against variety
of bacterial pathogens [42—44]. In consistent with the previous studies, aqueous, ethanol
and methanol extract of Cassia tora leaves, roots were used for the synthesis and charac-
terisation of AgNP. Also, Cassia tora leaves, roots and seeds are having potent medicinal
properties and they were well-known for their antimicrobial properties. Escherichia coli,
Staphylococcus aureus, Klebsiella pneumoniae, Salmonella showed their susceptibility
to Cassia tora leaf, root and seeds also gum resin or paste from C. fora. Novel approach
of our study is to synthesise AgNPs from C. fora seeds which is done and characterised
by UV-visible spectroscopy, FTIR, XRD and SEM. Antibacterial studies revealed minor
effectiveness and tested microorganisms showed their resistance. For future studies, syner-
gistic effect of seeds or silver nanoparticle with antibiotic and increasing the concentration
of synthesised AgNPs may yield good results.
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Fig.7 SEM images of AgNP from seed extract of Cassia tora. Four different magnification of SEM images

were represented (20, 5, 2 and 1 pm)

Table 3 Inhibitory effect of AgNP from C. fora seed extract

Sample Concentration (ul) Zone of inhibition (mm)
S. aureus E. coli K. pneumoniae
Ag nanoparticle from Cassia 25 12 0 0
tora seed extract 50 13 0 0
100 0 0 0
Control seed extract 13 0 0
Ampicillin antibiotic 10 0 20
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S. aureus (Con, Amp, 25ul) S. aureus (30pl, 100ul) E. coli (Con, Amp, 25ul)

E.coli (50ul, 100pl) K. prneumoniae (Con, Amp, 25ul) K. pnermoniae (50pl, 100ul)

Fig.8 Antibacterial activities of Synthesised AgNP from seed extract C. fora against pathogens S. aureus,
E. coli and K. pneumoniae. The antibacterial assay was performed by well diffusion assay. The bacterial
species were spread in the agar plate. Different concentrations of synthesised AgNPs were loaded in the
well. After the incubation period, the zone of inhibition was measured and recorded

Conclusion

Seeds of Cassia tora possessing gelling agent are applied in the food industries. Seeds
along with leaves and roots of Cassia tora have many medicinal applications. They help
out in digestion, pain relief, liver disorder, visual improvement, maintaining body temper-
ature, bowel relaxation and protection from infections. In our current study, Cassia tora
seeds were used in the synthesis of AgNPs, a novel, non-toxic, cost-effective and eco-
friendly method. The presence of biomolecules in C. fora seeds may act as a reducing and
capping agent for AgNPs. The characterised AgNPs showed UV-visible spectroscopy peak
at 423 nm. Aldehydes, alkane, alkene, phenols, carboxylic acid and aromatic compounds
were observed in FTIR analysis. XRD confirms the crystalline formation of AgNPs. SEM
image results exhibit truncated shape silver nanoparticle with a size range between 55 and
65 nm. Antibacterial activity of synthesised AgNP was limited. Therefore, current research
indicates a novel AgNPs from seed extract of Cassia tora were synthesised at a room tem-
perature with a simple, rapid method without using any harmful agents. Thus, it can be
used in large-scale industries, biomedical applications, nanomedicine, drug development
and research.

@ Springer



476 Applied Biochemistry and Biotechnology (2022) 194:464-478

Author Contribution SN and AKP designed the experiment; SN and PS performed the experiments. SN,
AKP, SKA and AAB analysed the results. SN wrote the manuscript. AKP and SKA edited the final version
of the manuscript.

Data Availability The authors confirm that the data supporting the findings of this study are available within
the article and its supporting information.

Declarations

Ethics Approval This article does not contain any studies with human participants or animals performed by
any of the authors.

Consent to Participate The authors agreed to participate in this work.

Consent for Publication The authors agreed to publish this work.

Conflict of Interest The authors declare no competing interests.

References

1. Elseady, N. S. M., Khamis, N. A. G. A., AbdelGhani, S., Rabea H. M., Elanany, M. G., Alsheshtawi,
K. N., & Abdelrahim M. E. Antibiotic sensitivity /resistance pattern of hospital acquired blood stream
infection in children cancer patients. A retrospective study. International Journal of Clinical Practice,
8, 14617.

2. Khosari, A. D., & Behzadi, A. (2006). Evaluation of the antibacterial activity of the seed well of
Quercus brantii on some gram negative bacteria. Pakistan Journal of Medical Sciences, 22, 429-432.

3. Nayeb, F. D., Mohammad, A., Abbas, R. F., & Fereshteh, F. (2016). Survey of communicable diseases
surveillance system in hospitals of Iran; a qualitive approach. Global Journal of Health Science, 8,
44-57.

4. Sefton, A. M. (2000). The impact of resistance on management of urinary tract infection. International
Journal of Antimicrobial Agents, 16, 489-491.

5. Vincet, K., & Coleman, R. (2008). Bacterial skin and soft tissue infections in adults; a review of their
epidemiology, pathogenesis, diagnosis, treatment and site of care. The Canadian Journal of Infectious
Diseases & Medical Microbiology, 19, 173-184.

6. Heather, L. W., Kathryn, D., & Christopher, D. M. (2019). Optimal antimicrobial duration for common
bacterial infections. Australian Prescriber, 42, 5-9.

7. Abayomi, S., Eyitope, O., & Adedeji, O. (2013). The role and place of medicinal plants in the strate-
gies for disease prevention. African Journal of Traditional, Complementary and Alternative Medicines,

10, 210-229.
8. Nasri, H., & Shirzad, H. (2013). Toxicity and safety of medicinal plants. J Herb Med Pharmacol, 2,
21-22.

9. Bachir, B., & Atanasio, P. (2020). Medicinal plants as sources of active molecules against COVID19.

Frontiers in Pharmacology, 2020(11), 1189.

10. Asba, A., & Bhot, M. (2017). Evaluation of phytochemical of Cassia toraLinn and its cytotoxicity
assay using brine shrimp. Int J Pharmacogphytochem Res, 9, 587-595.

11. Santosh, K. S., & Anand, K. (2013). The probable medicinal usage of Cassia tora;A overview. Online
Journal of Biological Sciences, 3(1), 13-17.

12. Valentine, C. M., David, P. T., Rita, A. D., Kofi, A., Abraham, Y. M., Issac, K. A., Julia, W. J., Xavier,
C., Solomon, H., & Baldwayn, T. (2017). Mosquito larvicidal activity of Cassia tora seed extract and
its key anthraquinones aurantio — obtusin and obtusin. Parasites and Vectors, 10(1), 562.

13. Kim, Y. M,, Lee, C. H,, Kim, H. G., & Lee, H. S. (2004). Anthraquinones isolated from Cassia tora
(Leguminosae) seed show an antifungal property against phytopathogenic fungi. Journal of Agricul-
ture and Food Chemistry, 52, 6096-6100.

@ Springer



Applied Biochemistry and Biotechnology (2022) 194:464-478 477

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27

28.

29.

30.

31.

32.

33.

34.

Patil, U. K., Saraf, S., & Dixit, V. K. (2004). Hypolipidemic activity of seeds of Cassia toralinn. Jour-
nal of Ethnopharmacology, 90, 249-252.

Rajiv, S., Santosh, S., & Sugandha, S. (2010). Nanotechnology: The future medicine. Journal of Cuta-
neous Aesthetic Surgery, 3, 32-33.

Pandurangan, A. K., Kanagesan, S., Narayanaswamy, R., Esa, N. M., & Padmanabhan, P. (2015).
In A. M. Grumezescu (Ed.), Applications of NanoBioMaterials, Volume VII: Nanobiomaterials in
Cancer Therapy. Chapter 11. NanoBioMaterials based delivery of drugs in various cancer thera-
pies: Classifying the mechanisms of action (using Biochemical and Molecular biomarkers). Else-
vier Publisher, pp. 331-365.

Didier, A. (2016). Introduction to nanomedicine. Molecules, 21(1), 4.

Barahuie, F., Dorniani, D., Saifullah, B., Gothai, S., Hussein, M. Z., Pandurangan, A. K., Arul-
selvan, P., & Norhaizan, M. E. (2017). Sustained release of anticancer agent phytic acid from its
chitosan-coated magnetic nanoparticles for drug delivery system. International Journal of Nano-
medicine, 12, 2361-2372.

Hemlata, Prem, R. M., Arvind, P. S., & Kiran, K. T. (2020). Biosynthesis of silver nanoparticles
using Cucumis prophetarum aqueous leaf extract and their antibacterial and antiproliferative activ-
ity against cancer cell lines. ACS Omega, 5, 5520-5528.

Silva, G. A. (2004). Introduction to nanotechnology and its applications to medicine. Surgical Neu-
rology, 61, 216-220.

Eun-Young, A., Hang, J., & Younie, P. (2019). Assessing the antioxidant, cytotoxic, apoptotic and
wound healing properties of silver nanoparticles green — synthesized by plant extracts. Matter Sci-
ence and Engeneering: C, 101, 204-216.

Logothetidis, S. (2006). Nanotechnology in medicine: The medicine of tomorrow and nanomedi-
cine. Hippokratia, 10, 7-21.

Ram, P., & Vyshnava, S. S. (2013). Antibacterial activity of silver nanoparticles synthesized by
bark extract of Syzygiumcurmini. Journal of Nanoparticles, 2013, 431218.

Kanniah, P., Chelliah, P., Thangapandi, J. R., Gnanadhas, G., Mahendran, V., & Robert, M. (2021).
Green synthesis of antibacterial and cytotoxic silver nanoparticles by Piper nigrum seed extract and
development of antibacterial silver based chitosan nanocomposite. International Journal of Bio-
logical Macromolecules, S0141-8130(21), 01715-01723.

Khan, A. A., Alanazi, A. M., Alsaif, N., Wani, T. A., & Bhat, M. A. (2021). Pomegranate peel
induced biogenic synthesis of silver nanoparticles and their multifaceted potential against intracel-
lular pathogen and cancer. Saudi Journal of Biological Sciences, 28(8), 4191-4200.

Aldayel, F. M., Alsobeg, M. S., & Khalifa, A. (2021). In vitro antibacterial activities of silver nan-
oparticles synthesised using the seed extracts of three varieties of Phoenix dactylifera. Brazilian
Journal of Biology, 82, €242301.

Jha, A. K., Zamani, S., & Kumar, A. (2021). Green synthesis and characterization of silver nano-
particles using Pteris vitata extract and their therapeutic activities. Biotechnology and Applied Bio-
chemistry. https://doi.org/10.1002/bab.2235

Emima Jeronsia, J., Ragu, R., Jerline Mary, A., & Jerome Das, S. (2021). Elucidating the structural,
anticancer, and antibacterial traits of Punica granatum peel extracts-mediated Ag and Ag/GO nano-
composites. Microscopy Research and Technique. https://doi.org/10.1002/jemt.23883

Csakvari, A. C., Moisa, C., Radu, D. G., Olariu, L. M., Lupitu, A. I., Panda, A. O., Pop, G., Cham-
bre, D., Socoliuc, V., Copolovici, L., & Copolovici, D. M. (2021). Green synthesis, characteriza-
tion, and antibacterial properties of silver nanoparticles obtained by using diverse varieties of Can-
nabis sativa leaf extracts. Molecules, 26(13), 4041.

Arséne, M. M. J., Podoprigora, I. V., Davares, A. K. L., Razan, M., Das, M. S., & Senyagin, A. N.
(2021). Antibacterial activity of grapefruit peel extracts and green-synthesized silver nanoparticles.
Veterinary World, 14(5), 1330-1341.

Ansari, M. A., & Alzohairy, M. A. (2018). One pot Facile green synthesis of silver nanoparticles
using seed extract of Phoneix dactylifera and their bactericidal potential against MRSA. Evidence-
based Complementary and Alternative Medicine, 2018, 1860280.

Yangqing, H., Fenfei, W., Zhanying, M., Hao, Z., Qian, Y., Binghua, Y., Zhengrui, H., Cun, Z., &
Qian, Z. (2017). Green synthesis of silver nanoparticles using seed extract of Alpinia kastumadai
and their antioxidant, cytotoxicity and antibacterial activities. RSC Advances, 7, 39842-39851.
Ajitha, B., Ashokkumar, R. Y., Sreedhara, R. P., Suneetha, Y., Hwan-Jin, J., & Chi, W. A. (2016).
Instant biosynthesis of silver nanoparticle using Lawsonia inermis leaf extract: Innate catalytic,
antimicrobial and antioxidant activities. Journal of Molecular Liquids, 219, 474-481.

Li, S., Shen, Y., Xie, A., Yu, X., Qiu, L., Zhang, L., & Zhang, Q. (2007). Green synthesis of silver
nanoparticle using Capsicum annum L. extract. Green Chemistry, 9, 852—858.

@ Springer


https://doi.org/10.1002/bab.2235
https://doi.org/10.1002/jemt.23883

478

Applied Biochemistry and Biotechnology (2022) 194:464-478

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Sampath, S., Sunderam, V., Sameer, S. S. M., Swarnalakshmi, K., & Vishal, L. A. (2020). Green
synthesis of silver nanoparticles using Artocarpus hirsutus seed extract and its antibacterial activ-
ity. Current Pharmaceutical Biotechnology, 21, 980-989.

Shakeel, A., Saifulla, Mudasir, A., Babu, L. S., & Saiqa, 1. (2016). Green synthesis of silver nanopar-
ticles using Azardirachta indica aqueous leaf extract. Journal of Radiation Research and Applied Sci-
ence, 9(1), 1-7.

Faizan, A. Q., Anam, S., Haris, M. K., Fohad, M. H., Rais, A. K., Bader, A. A., & Igbal, A. Antibacte-
rial effect of silver nanoparticle synthesized using Murraya koenigii against multidrug resistant patho-
gens. Bioinorganic Chemistry and Applications, 2019, 4649506

Rajeshkumar, S., & Malarkodi, C. In vitro Antibacterial activity and mechanism of silver nanoparticles
against food borne pathogens. Bioinorganic Chemistry and Applications, 2014, 581890

Kumar, K. M., Mandal, B. K., Sinha, M., & Krishnakumar, V. (2012). Terminalia chebula mediated
green and rapid synthesis of gold nanoparticles. Spectrochimica Acta Part A: Molecular and Biomo-
lecular Spectroscopy, 86, 490-494.

Pawar, H. A., & Lalitha, K. G. (2015). Extraction characterization and molecular weight determination
of Senna tora seed polysaccharide. International Journal of Biomaterials, 2015, 928679.

Khairudin, K., Sukiran, N. A., Goh, H. H., Baharum, S. N., & Noor, N. M. (2014). Direct determina-
tion of different plant populations and study on temperature effects by Fourier transform infrared spec-
troscopy. Metabolomics, 10, 203-211.

Devanesan, S., & AlSalhi, M. S. (2021). Green synthesis of silver nanoparticles using the flower
extract of Abelmoschus esculentus for cytotoxicity and antimicrobial studies. International Journal of
Nanomedicine, 16, 3343-3356.

Krychowiak-Masnicka, M., Krauze-Baranowska, M., Godlewska, S., Kaczynski, Z., Bielicka-Gietdon,
A., Grzegorczyk, N., Narajczyk, M., Frackowiak, J. E., & Krolicka, A. (2021). Potential of silver nano-
particles in overcoming the intrinsic resistance of pseudomonas aeruginosa to secondary metabolites
from carnivorous plants. International Journal of Molecular Sciences, 22(9), 4849.

Arzoo, S., Naqvi, Z., Hussain, M., Shamim, S., Zeb, T. F., & Ali, S. (2020). Production and antimicro-
bial activity of silver nanoparticles synthesized from indigenously isolated Pseudomonas aeruginosa
from Rhizosphere. Pakistan Journal of Pharmaceutical Sciences, 33(6(Supplementary)), 2815-2822.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer



	Green Synthesis and Characterisation of Silver Nanoparticles Using Cassia tora Seed Extract and Investigation of Antibacterial Potential
	Abstract
	Introduction
	Materials and Methods
	Chemicals
	Bacterial Strain
	Collection of Seed
	Seed Extraction
	Synthesis of Silver Nanoparticle from Cassia tora Seed Extract
	Characterisation of Silver Nanoparticle from Cassia tora Seed Extract
	UV–Visible Spectroscopy
	X-Ray Diffraction Study
	Scanning Electron Microscopy
	Fourier-Transform Infrared Spectroscopy

	Preparation of Bacterial Suspensions
	Antibacterial Activity
	Agar Well Diffusion Method


	Results and Discussion
	Conclusion
	References


