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a b s t r a c t 

As an alternative to an expensive hydrothermal reactor, in the current method a domestic pressure 
was used for the synthesis of silver nanoparticles (Ag NP) using tree gum, kondagogu as dual 
functional reductant and stabilizer by autoclaving. The formation of Ag NP was evaluated with 
colour transformation, UV-Visible spectroscopy (UV–Vis) and transmission electron microscopy. 
The formation of Ag NP by gum confirmed from the developed yellow coloration of the solution 
and the appearance of surface plasmon resonance peak at 408 nm in the UV–Vis. The produced 
NP were spherical, polydisperse, particle size ranged from 2.9–17.6 nm and the average particle 
size was 4.5 ± 3.1 nm. The developed method is useful for demonstration, gaining hands on 
experience and production of metal and metal oxide NP in resource limited small laboratories, 
rural colleges, startups etc. 

• Pressure cooker serves as an easily accessible, durable, inexpensive, electricity independent 
hydrothermal nanoparticle production vessel. 

• Autoclaving serves as a facile, ecofriendly, less energy consuming, one pot, green method 
with dual functional role of in situ nanoparticle synthesis and sterilization. 

• Production of intrinsically safe and sterile nanoparticles amenable for in vivo and in vitro 

biomedical applications. 
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Method details 

Background 

Among the processes of nanoparticle production, hydrothermal methods that result in nanoparticle formation at elevated temper- 
ature ( > 25 ºC) and pressure ( > 100 kPa) in an aqueous medium gained attention. It is mainly due to the generation of nanoparticles
with superior purity and stoichiometry; tunable particle size and shape; narrow particle size distribution, rapid commercial pro- 
duction in bulk scale in batch or continuous mode, cleaner methodologies, elimination of the requirement of elevated temperature
calcination and milling etc [1] . The hydrothermal synthesis is generally carried out with a specialized apparatus that serves as a
hydrothermal reactor, such as high pressure bearing autoclave made up of stainless steel (SS) or high strength alloy with Teflon or
polytetrafluoroethylene lining [ 2 , 3 ]. The synthesis is optimized by varying temperature, reactant concentrations, duration etc [ 1 , 4 ].
Also, the autoclave apparatus is most commonly used for sterilizing the culture media, plasticware, glassware and decontaminating 
the used labware, grown microbial cultures etc in which the microbes are killed under high steam pressure at 121°C within 20–30 min,
based on the loaded contents [5] . However, in resource constrained conditions [4] , small laboratories, rural colleges and especially
in countries like India; it is commonly replaced with a domestic stovetop pressure cooker. 

After the introduction, the usage of pressure cookers gained momentum and was popularized in 1980 and they became an essential
kitchen appliance of every Indian kitchen and home due to the enhanced usage of liquefied petroleum gas (LPG) as a result of
government policies. It has in built safety features such as a controlled gasket release system, overpressure metallic safety plug and
pressure regulator/precision weight valve and is available in various models based on the features such as on the type of lid (inner,
outer), material (aluminium, hard anodized, SS), vessel shape (straight wall, pan), base (induction, non induction) and capacity 
(1.5–20 L) [6] . The revolutionary, durable household pressure cooker is both LPG and induction stovetop compatible and does not
mandate electricity for operation. For example, a 12 L capacity, straight walled, aluminium, dual top compatible pressure cooker 
with 5 years warranty costs around USD 50, which is much cheaper than the electric pressure cooker (USD 100) and hydrothermal
autoclave (USD 3000) [4] . 

Thus, in the current method a domestic pressure cooker was used as an inexpensive hydrothermal reactor for synthesizing silver
nanoparticles (Ag NP) using tree gum, kondagogu as dual functional reductant and stabilizer. The formation of Ag NP was evalu-
ated with colour transformation, UV-Visible spectroscopy (UV–Vis), X-ray diffraction (XRD), Fourier transform infrared spectroscopy 
(FTIR), dynamic light scattering (DLS) and transmission electron microscopy (TEM). 

Materials and methods 

Gum kondagogu (Girijan Co-operative Corporation, Hyderabad, India), silver nitrate (AgNO 3 ) (Merck, Mumbai, India) and ultra- 
pure water (Elga, High Wycombe, England) were used during the Ag NP synthesis. A 0.5 % gum solution in ultrapure water was
prepared from 38 𝜇m sized gum powder by overnight stirring at room temperature and 100 mM stock solutions of AgNO 3 was pre-
pared in ultrapure water and aliquoted into lightproof small vials ( Fig. 1 ). A 12 L volume, non induction base, LPG stovetop (TTK
Prestige, Bengaluru, India) compatible, aluminium pressure cooker (TTK Prestige, Bengaluru, India) was used as a sealed hydrother- 
mal reactor for NP synthesis ( Fig. 2 ) [ 7 , 8 ]. The Ag NP were prepared at optimized condition of 0.5 % gum and 1 mM of AgNO 3 at a
reaction time of 60 min using the domestic pressure cooker ( Fig. 3 ). The synthesis was standardized by varying the gum and AgNO 3 

concentrations and time of autoclaving [9] . 

Steps during the synthesis 

The pressure cooker used in the current protocol was filled with one litre of water to maintain a minimum water level of 1 inch.
Then, the loosely capped glass bottles containing the reaction mixtures of gum and AgNO 3 were placed in a water filled glass beaker
in which the water level should be more than the bottle solution level. After placing the bottles containing the beaker in the cooker,
the lid closed cooker was placed on the LPG stove and the burner was ignited at high flame. The opening of the steam tube/vent pipe
was closed with the pressure regulator weight valve, once the cooker was filled with steam and ejected/escaped through the vent
opening. After getting/hearing the whistle sound from the weight valve, the flame was reduced to a simmer level and started counting
the reaction/autoclaving time. After 60 min of autoclaving the flame was turned/switched off, removed the cooker from the stovetop
carefully, placed on a granite platform, allowed it to cool and reach the ambient temperature. Once the cooker was cooled and the
pressure inside was reduced, the beaker containing the bottles was taken out and the bottle solutions were checked for synthesized
NP. The formation of nanoparticles by autoclaving was checked by solution colour change, recording the UV–Vis spectra (Analytik
Jena AG, Jena, Germany), XRD pattern (Rigaku, Tokyo, Japan), IR spectra (Bruker Optics, Ettlingen, Germany), z average and zeta
potential (Malvern, Malvern, UK) and capturing the TEM (FEI, Eindhoven, Netherlands) images. 

Precautions 

The critical points and precautions to be taken care of during the pressure cooker mediated NP synthesis is explained here. 

(1) Dispersion of solutes and mixtures: 

The reducing/stabilizing agents used for the NP synthesis should be entirely dispersed in the aqueous medium for efficient syn-
thesis, especially the viscous tree gums. It can be achieved with overnight stirring during gum stock preparation and 30 min prior
stirring to synthesis. The frozen AgNO 3 stock vial should be thawed to room temperature and mixed vigorously before using it for NP
2 
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Fig. 1. Photographs of the materials used for the Ag NP synthesis by pressure cooker autoclaving, (a) gum kondagogu, (b) silver nitrate (c) ultrapure 
water, (d) powdered gum, (e) 0.5 % gum solution and (d) 100 mM stock solutions of silver nitrate in small vials. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

synthesis. After mixing the bioreductant and metal precursors, the solution should be thoroughly mixed for efficient synthesis and
prevention of gradation/gradient formation. 

(2) Stock solution preparation and storage: 

It is preferable to prepare the bioreductant stock solutions in sterile containers using sterile ultrapure water and can be further
filter sterilized to prevent bacterial and fungal contamination, as they are rich sources of sugars, proteins and minerals. The sterile
bioreductant stock solutions should be stored at 4 ºC to enhance the shelf life further. If any contamination occurs in the bioreductant
stock, it should be discarded. Also, the stock solutions of expensive metal precursors such as AgNO 3 should be prepared at a higher
concentration of 100 mM in a volume of 10 mL, not at a large volume (100 mL). The stock solution should be aliquoted into smaller
volume vials (1–2 mL) and stored at -20 ºC either by wrapping with aluminium foil or in light tight/dark vials. It will be helpful in
the prevention of silver ion photooxidation, evaporation induced volume loss and concentration difference; and cross contamination 
of expensive stocks with reductants during pipetting and transfers. If any black or yellow colouration of the stock occurs, that single
vial can be discarded, not the entire vial stock. In addition, for the synthesis of 5 mL of 1 mM concentrated Ag NP solution, just 50 μL
of 100 mM AgNO 3 stock solution is sufficient and it neither enhances the solution volume nor dilutes the bioreductant concentration
during synthesis. 

(3) Water level: 

The water level in the pressure should be adequate (1 inch height) for longer durations of autoclaving. Also, the glass beaker
kept inside the cooker should not float on the water surface and excessive water level both in the cooker and beaker can tumble the
beaker and bottles, respectively. The water level in the beaker should be slightly higher than the bottle solution level for better heat
transfer. The cooker and beaker should not be completely water filled to prevent the water dilution of the synthesized NP in loosely
capped bottles during synthesis. 

(4) Pressure built up: 

The bottles used for NP synthesis should be loosely capped to prevent pressure building up inside the bottles and subsequent
breakage. Also, the cooker should not be entirely filled with contents for the safer escape of developed steam through the vent pipe
during and after autoclaving. Also, the cooker lid should be opened only after reaching the temperature and pressure inside the cooker
to ambient conditions to avoid steam burns and explosions. 
3 
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Fig. 2. Photographs of the apparatus and accessories used for the Ag NP synthesis, (a) LPG stove, (b) LPG cylinder and (c) domestic, LPG stovetop 
pressure cooker. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(5) Pressure cooker operation: 

The necessary safety precautions needed for pressure cooker operation should be followed. In addition, the lid, vent pipe, pressure
regulator valve, safety plug and gasket should be checked for leaks and clogged organic residues. After usage, the cooker should not
be stored with the leftover water to prevent scale formation and for ensuring gas saving and efficient energy transfer for the successive
cycles. Also, it should be regularly cleaned with mild detergent and stored/keep it dry for the upcoming cycles. 

(6) LPG operation: 

The essential and general safety precautions needed for using the LPG cylinder and stove such as fixing/keeping/storing the 
cylinder in an erect position at ground level on a flat surface, usage of safety standard certified leak proof cylinder valve, regulator
and rubber tubing, regular service checks; using the stove it in a well ventilated area above the cylinder level on a flat slab, away from
flammable materials, closing off the burner switch and cylinder regulator after use, regular cleaning of the clogged stove burners etc
should be followed while using it. Neither the LPG stove nor the pressure cooker should be left unattended/unsupervised during the
operation. 

Method validation 

Among an array of hydrothermal methods, household pressure cooker mediated autoclaving was utilized as a facile method for
synthesizing Ag NP using tree gum kondagogu at standardized conditions. The readily available domestic pressure cooker functions 
at lower temperature and pressure limits and serves as a reaction vessel for cheaper production of nanomaterials [4] . The synthesis
of Ag NP was evaluated with colour transformation, UV–Vis and TEM. The formation of Ag NP by tree gum via autoclaving was
confirmed from the visual transformation of the solution colour into yellow ( Fig. 4(a) ) [9] . The UV–Vis absorption spectrum of the
gum synthesized NP showed an absorption maximum at 408 nm, attributed to the charactestic surface plasmon resonance (SPR) peak
of Ag NP ( Fig. 4(b) ) [7] . The XRD pattern exhibited four distinctive peaks at 38.2, 44.9, 64.6 and 78.1 º corresponding to (111), (200),
(220) and (311) planes of face centered cubic crystal structure of elemental silver ( Fig. 5 ) [10] . The FTIR spectra of gum and gum
4 
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Fig. 3. Photographs of the steps involved silver nanoparticle synthesis by pressure cooker autoclaving, (a) beaker containing glass bottles with 
solutions of 0.5 % gum and 1 mM of AgNO 3 , (b) pressure cooker mediated autoclaving and (c) synthesized Ag NP solutions. 

Fig. 4. (a) Yellow coloured Ag NP solution and (b) the UV–Vis absorption spectrum of the gum synthesized Ag NP solution. 

Fig. 5. The XRD pattern of silver nanoparticles showing face centered cubic crystal structure. 
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Fig. 6. The FTIR spectra of (a) gum and (b) gum produced silver nanoparticles. 

Fig. 7. The (a) particle size distribution and (b) zeta potential of synthesized silver nanoparticles. 

 

 

 

 

 

 

produced NP indicated the involvement of hydroxyl and carbonyl groups; and proteins in the silver ion reduction and stabilization
of NP, respectively ( Fig. 6 ) [ 7–9 , 11 ]. The z average and zeta potential values obtained from DLS were 246 ± 16.4 nm and - 30.3 ±
3.1 mV, respectively confirming the nanoparticle capping and stabilization by gum molecules ( Fig. 7 ) [12] . The TEM image of the
produced NP was given in Fig. 8 . The NP were spherical, polydisperse, particle size ranged from 2.9–17.6 nm and the average particle
size was 4.5 ± 3.1 nm [9] . 

The advantages of the domestic pressure cooker mediated autoclaving method for the NP synthesis are, (i) the functioning of the
pressure cooker as an easily accessible, durable, inexpensive, electricity independent hydrothermal nanoparticle production vessel 
with inbuilt safety features [4] , (ii) utilization of environmentally and biologically benign, universal solvent water as a synthetic
6 



A.J. Kora MethodsX 11 (2023) 102438 

Fig. 8. The TEM image of the produced Ag NP at 100 nm scale. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

medium [13] , (iii) serving as a facile, ecofriendly, less energy consuming/energy efficient, one pot, green method for nanoparticle
synthesis [ 9 , 13 ], (iv) efficient production of stable, non aggregated nanoparticles [7] , (v) production of intrinsically safe and sterile
nanoparticles amenable for in vivo and in vitro biomedical applications [ 5 , 7 , 14 ] and (vi) dual functional role of autoclaving towards
in situ synthesis and sterilization [5] . Employing the same protocol, the Ag NP were synthesized from tree gums such as ghatti [15] ,
olibanum [16] , tragacanth [17] ; bacterial gum xanthan [10] , seed extract [11] , leaf extract [ 7 , 18 ] etc. The developed method was
exploited for the synthesis of other metal and metal oxide nanoparticles, such as selenium [19] , palladium [12] , platinum [8] and
copper oxide [20] . 

Conclusion 

The household pressure cooker mediated, hydrothermal autoclaving serves as a simple, one pot, cheaper method for the simul-
taneous synthesis and sterilization of Ag NP in a single step. The easily available soft hydrothermal reactor vessel is exceptionally
beneficial for practically demonstrating the nanoparticle synthesis for students in rural colleges, gaining hands on experience in NP
synthesis and optimization; and producing nanoparticles in resource limited small laboratories, startups, farmer cooperative societies 
etc. The pressure cooker synthesized Ag NP finds its application as a bactericide [ 7 , 9 ], fungicide [18] , wound dressing, catalyst,
colorimetric mercury sensor etc. 

Declaration of Competing Interest 

The author declares that she has no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper. 

Data availability 

No data was used for the research described in the article. 

Acknowledgments 

The author would like to thank Dr. M. V. Balarama Krishna, Head, Environmental Analytical and General Services Section and
Dr. Athyala Christian Sahayam, Head, NCCCM/BARC, for their constant support and encouragement throughout the work. 

References 

[1] E. Suvaci, E. Özel, Hydrothermal synthesis, in: Encyclopedia Of Materials: Technical Ceramics and Glasses, 1, 2021, pp. 59–68 . 
[2] A. Pramanik, S. Biswas, P. Kumbhakar, Solvatochromism in highly luminescent environmental friendly carbon quantum dots for sensing applications: conversion

of bio-waste into bio-asset, Spectrochim. Acta Mol. Biomol. Spectrosc. 191 (2018) 498–512 . 
[3] P. Surendran, A. Lakshmanan, S.S. Priya, K. Balakrishnan, P. Rameshkumar, K. Kannan, P. Geetha, T.A. Hegde, G. Vinitha, Bioinspired fluorescence carbon

quantum dots extracted from natural honey: efficient material for photonic and antibacterial applications, Nano Struct. Nano Objects 24 (2020) 100589 . 
[4] C.H. Laber, J.B. Essner, T.A. Scott, L. Polo-Parada, G.A. Baker, Domestic pressure cooker as inexpensive hydrothermal vessel: demonstrated utility for eco-friendly

synthesis of non-toxic carbon dots, Nano Struct. Nano Objects 6 (2016) 52–58 . 
[5] M.A. Vetten, C.S. Yah, T. Singh, M. Gulumian, Challenges facing sterilization and depyrogenation of nanoparticles: effects on structural stability and biomedical

applications, Nanomed. Nanotechnol. Biol. Med. 10 (7) (2014) 1391–1399 . 
[6] Prestige, Buy pressure cooker online at best price - TTK Prestige, 2022. https://shop.ttkprestige.com/pressure-cooker.html . (Accessed 15th December 2022 

2022). 
7 

http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0001
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0002
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0003
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0004
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0005
https://shop.ttkprestige.com/pressure-cooker.html


A.J. Kora MethodsX 11 (2023) 102438 

 

 

 

 

 

 

 

 

 

 

 

 

 

[7] K.R. Namburi, A.J. Kora, A. Chetukuri, V. Kota, Biogenic silver nanoparticles as an antibacterial agent against bacterial leaf blight causing rice phytopathogen
Xanthomonas oryzae pv. oryzae , Bioprocess Biosyst. Eng. 44 (9) (2021) 1975–1988 . 

[8] A.J. Kora, Multifaceted activities of plant gum synthesised platinum nanoparticles: catalytic, peroxidase, PCR enhancing and antioxidant activities, IET
Nanobiotechnol. 13 (6) (2019) 602–608 . 

[9] A.J. Kora, R.B. Sashidhar, J. Arunachalam, Gum kondagogu ( Cochlospermum gossypium ): a template for the green synthesis and stabilization of silver nanoparticles
with antibacterial application, Carbohydr. Polym. 82 (3) (2010) 670–679 . 

[10] A.J. Kora, S. Ikram, S. Ahmed, Xanthan Gum: a bacterial polysaccharide based natural polymer and its role in biosynthesis of silver nanoparticles, in: Natural
Polymers: Derivatives, Blends and Composites, Nova Science Publishers, Inc., UK, 2016, pp. 81–93 . 

[11] A.J. Kora, J. Arunachalam, Biosynthesis of silver nanoparticles by the seed extract of Strychnos potatorum : a natural phytocoagulant, IET Nanobiotechnol. 7 (3)
(2013) 83–89 . 

[12] A.J. Kora, Plant arabinogalactan gum synthesized palladium nanoparticles: characterization and properties, J. Inorg. Organomet. Polym. Mater. 29 (6) (2019)
2054–2063 . 

[13] A.J. Kora, L. Rastogi, Catalytic degradation of anthropogenic dye pollutants using palladium nanoparticles synthesized by gum olibanum, a glucuronoarabino-
galactan biopolymer, Ind. Crops Prod. 81 (2016) 1–10 . 

[14] S. Chifflet, M. Quemeneur, A. Barani, B. Angeletti, M. Didry, G. Gregori, N. Pradel, Impact of sterilization methods on dissolved trace metals concentrations in
complex natural samples: optimization of UV irradiation, MethodsX 6 (2019) 1133–1146 . 

[15] A.J. Kora, S.R. Beedu, A. Jayaraman, Size-controlled green synthesis of silver nanoparticles mediated by gum ghatti ( Anogeissus latifolia ) and its biological activity,
Org. Med. Chem. Lett. 2 (1) (2012) 17 . 

[16] A.J. Kora, R.B. Sashidhar, J. Arunachalam, Aqueous extract of gum olibanum ( Boswellia serrata ): a reductant and stabilizer for the biosynthesis of antibacterial
silver nanoparticles, Process Biochem. 47 (10) (2012) 1516–1520 . 

[17] A.J. Kora, J. Arunachalam, Green fabrication of silver nanoparticles by gum tragacanth ( Astragalus gummifer ): a dual functional reductant and stabilizer, J.
Nanomater. (2012) 869765 2012 . 

[18] A.J. Kora, J. Mounika, R. Jagadeeshwar, Rice leaf extract synthesized silver nanoparticles: an in vitro fungicidal evaluation against Rhizoctonia solani, the causative
agent of sheath blight disease in rice, Fungal Biol. 124 (7) (2020) 671–681 . 

[19] A.J. Kora, Tree gum stabilized selenium nanoparticles: Characterization and antioxidant activity, IET Nanobiotechnol. 12 (5) (2018) 658–662 . 
[20] A.J. Kora, Synthesis, characterization and in vitro antifungal action of gum ghatti capped copper oxide nanoparticles, Biointerface Res. Appl. Chem. 13 (2) (2022)

138 . 
8 

http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0007
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0008
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0009
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0010
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0011
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0012
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0013
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0014
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0015
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0016
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0017
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0018
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0019
http://refhub.elsevier.com/S2215-0161(23)00434-X/sbref0020

	A domestic pressure cooker mediated, facile autoclaving method for the synthesis of silver nanoparticles
	Method details
	Background
	Materials and methods
	Steps during the synthesis
	Precautions

	Method validation

	Conclusion
	Declaration of Competing Interest
	Acknowledgments
	References


