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	 Nanoparticle synthesis using plant extracts is biologically safe, cost-effective, and 
environment-friendly, hence attracting many researchers owing to its advantages over chemical 
or physical methods. In the current study copper and silver nanoparticles have been synthesized 
by chemical and biological methods (using fruit extract). The leftover fruits collected from 
the fruit vendors and were used for the study, such as guava (Psidium guajava L), and tomato 
(Solanum lycopersicum) as a source of ascorbic acid, while lemon (Citrus limon (L.) Osbeck) and 
orange (Citrus X sinensis) as a source of citric acid. Quantification of ascorbic acid and citric 
acid present in fruit extract was performed by Iodometric and acid-base titrations, respectively, 
followed by Thin Layer Chromatography (TLC) to confirm their role in nanoparticle production. 
The synthesized nanoparticles were characterized by UV–visible (UV–VIS) spectroscopy and 
Fourier transform infrared (FT-IR) spectroscopy. The number of particles produced with fruit 
extract as a reducing agent was more compared to chemical methods. The size and structure 
of the synthesized nanoparticles produced using fruit extracts were similar to those produced 
chemically. Also, the antibacterial effect of Cu and Ag nanoparticles was seen against Escherichia 
coli and Streptococcus pyogenes strains.
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	 Nanoparticles are defined as solid 
crystalline structures with at least one dimension 
between 1-100 nm. The key benefit of nanomaterials 
is that they can be easily altered by varying their 
size and shape. The unique chemical, physical, 
dielectric, optical properties of nanoparticles 
make them extremely suitable for designing 

new and improved sensing devices, especially 
electrochemical sensors and biosensors1. Amongst 
various metal nanoparticles, the copper and silver 
nanoparticles possess larger surface areas and many 
characteristics like biological, thermal, chemical, 
electrical, physical, mechanical, electronic, 
magnetic, and optical properties making them 
attractive tools for research work2. 
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	 The copper nanoparticles display 
unique characteristics including antifungal 
and antibacterial properties3. Copper oxide 
nanoparticles appear as a brownish-black powder. 
Copper oxide nanoparticles can be used as 
semiconductors, catalysts, superconducting 
materials, thermoelectric materials, sensing 
materials, glass, ceramics, and other fields and 
solar energy transformations4. 
	  The silver nanoparticles exhibit a broad 
spectrum of bactericidal and fungicidal activity. 
Silver is a soft, white, lustrous transition metal 
possessing high electrical and thermal conductivity. 
Silver nanoparticles have received attention due to 
their physical, chemical, and biological properties 
found in applications in nanobiotechnological 
research. They are used as antimicrobial agents 
in wound dressings, as topical creams to prevent 
wound infections, and as anticancer agents5. It 
has been known for its medical and therapeutic 
benefits before the realization that microbes are 
agents for infections. It is used in many forms 
like coins, vessels, solutions, foils, sutures, and 
colloids as lotions, ointments, and so forth. It is 
the foremost therapeutic agent in medicine for 
infectious diseases and surgical infections. The 
benefits of silver are more than the risk factors6.
	 Nanoparticles are synthesized by different 
methods such as the physical, chemical and 
biological methods. The advantage of using 
biological methods for synthesizing nanoparticles 
is that they are cost-effective, economical, energy-
efficient, safe, eco-friendly and produce less waste. 
Due to this, biological methods of nanoparticle 
synthesis are preferred although these produce 
large size nanoparticles. In the biological synthesis 
of nanoparticles microorganisms, enzymes, plants, 
and alga are used7.
	 The fruit of guava (Psidium guajava L) 
and Tomato (Solanum lycopersicum) is a source 
of ascorbic acid while lemon (Citrus limon (L.)
Osbeck) and orange (Citrus X sinensis) is a source 
of citric acid. Ascorbic acid in tomato extract 
can reduce copper sulphate and also works as a 
protecting agent. Citric acid compounds can reduce 
silver nitrate solution releasing free metal ions or 
metal oxide ions in both cases. The fruit extracts 
are used as a source of ascorbic acid and citric acid 
to increase stability and have low toxicity and a 
higher production rate in nanoparticle synthesis8. In 

the present study we have tried to use waste from 
left over fruits as source of ascorbic acid and citric 
acid as reducing agent for the synthesis of copper 
and silver nanoparticles and compared its structural 
characteristic and antibacterial efficacy with one 
synthesized using chemical reducing agents.

Materials and Methods

	 Copper sulphate pentahydrate CuSO4 
.5H2O, ascorbic acid C6H8O6 (0.2M), starch 
C6H10O5 (1.2%), silver nitrate AgNO3 (0.2M) and 
sodium hydroxide NaOH (1M) were of laboratory 
grade and purchased from Sigma Aldrich. Bacterial 
cultures of Escherichia coli and Streptococcus 
pyogenes are standard cultures characterized 
by microscopy and biochemical test. They 
were maintained in the Müller-Hinton medium 
(Himedia) as well as sub cultured regularly during 
the study.
Preparation of fruit extract
	 The fruit samples of guava, orange, 
tomato and lemon were obtained from the local 
market. The leftover fruits from vendors are used 
for the study to check their value addition. The 
mortar pestle and de-ionised water were used to 
prepare the fruit extract. The chemicals used for 
the estimation of acids were potassium iodide 
KI (0.6mol/L), starch as an indicator, dilute 
hydrochloric acid (1mol/L), and potassium iodate 
KIO3(0.002mol/L)  
Synthesis of Copper and Silver nanoparticles 
using chemical reducing agents
	 Copper sulphate and Silver nitrate 
were used for the synthesis of copper and silver 
nanoparticles. For the chemical synthesis of these 
metal nanoparticles, ascorbic acid and citric acid 
were used as reducing agents.  50 mL of 10mM 
Copper (II) Chloride (CuCl2.2H2O) solution 
was heated continuously at 90oC in a water bath 
shaker. The 0.5M L-Ascorbic Acid was prepared 
in deionized water and added dropwise to the flask. 
The heating and mixing continued till the color 
changed to yellow, orange, brown and finally dark 
brown-black9.
	 50 ml of 1 mM AgNO3 were heated in 
an Erlenmeyer flask. Just before the boiling point, 
5 ml of 1% trisodium citrate was added drop by 
drop to this solution. Vigorous mixing was carried 
out during the process to increase the interaction of 
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the reagents, the reaction mixture was maintained 
at over 60 °C, until its color changed to grey10.
Synthesis of Copper and Silver nanoparticles 
using fruit extract
	 The tomato and guava extract is used as 
a replacement for Ascorbic acid whereas orange 
and lemon extract was used for Citric acid. 
Extracts were filtered and used for NP synthesis. 
Nanoparticles were synthesized using the same 
protocol used for synthesis using chemical reducing 
agent. The precipitate obtained was centrifuged, 
washed with ethanol and dried in a hot air oven 
for 24 hours. Then the sample was calcinated 
at 350 C for 40 minutes for proper drying in a 
muffle furnace. The dried sample was crushed to 
fine powders for characterization and application 
purposes.  After the preliminary test both the 
samples were prepared in bulk. 
Thin Layer Chromatography
	 For the detection of organic acids present 
in the reaction mixture, TLC was performed. 
The mobile phase was prepared by a mixture of 
Chloroform, Acetone, Methanol and Ammonia in 
a ratio of 2:2:2:1. The stock solutions of standard 
Ascorbic Acid and Citric acid were prepared. 
The fruit extracts were used along with standards 
spotted on the thin silica gel before and after the 
synthesis of nanoparticles11.  
Estimation of Ascorbic acid and Citric acid by 
titration
	 For ascorbic acid the titrant was a mixture 
of potassium iodide and iodine whereas for citric 
acid it was sodium hydroxide. The extract was 
collected after 8 hours of reaction time. Both the 
fresh and after the reaction extracts were titrated 
with their respective titrant and a burette reading 
was noted. The concentration of the ascorbic acid 
in fresh tomato and guava extract was calculated 
by the amount of fruit sample used and the amount 
of iodine required to neutralize the ascorbic acid 
in these extracts. The concentration of acids in the 
reaction mixture after the synthesis of nanoparticles 
was also calculated and compared with the acid 
concentration initially present in fruit extract12. 
Characterization of Synthesized Nanoparticles
	 FTIR spectroscopy was done to determine 
various phytochemical constituents involved in 
the synthesis and stabilization of the Cu and Ag 
nanoparticles according to the KBr disc method 
and recorded in the range from 500 to 4000 cm- 

(Nicolet iS5-FTIR 143 Spectrometer). Scanning 
UV–Vis spectrophotometer (Genesys 10 UV) was 
used to determine the UV absorption spectra of the 
synthesized metal NPs.
Antibacterial assay of Cu and Ag nanoparticles
	 Antibacterial activity of the copper 
and silver nanoparticles was studied against 
Streptococcus pyogenes (Gram positive) and E.coli 
(Gram negative). Copper and silver nanoparticles 
(50 mg/ml and 100mg/ml) synthesized by both 
methods were used for the determination of their 
antimicrobial potential by agar well diffusion 
method using Muller and Hinton agar (MHA). A 
loop full of the overnight cultures of E. coli and 
Streptococcus pyogenes was added to 10ml of 
saline from this 0.1 ml of culture and was spread 
evenly on MHA plates. Wells (8mm in diameter) 
were prepared using sterile cork borer and 100µl 
of both the nanoparticles suspension were added 
to separate wells. The plates were incubated for 
24hours at 37<”C and observed for the zone of 
inhibition along with control13. The experiment 
was repeated thrice.

Results and Discussion

Synthesis of copper and silver nanoparticles
	 Copper nanoparticles were brown whereas 
grey-colored silver nanoparticles were obtained 
using both methods. There was a slight variation 
in the intensity of the color of NP obtained by 
both methods.  All the powders after drying and 
crushing are stored in dry plastic vials for further 
characterization and applications.
UV–Vis absorption spectroscopy analysis
	 Copper nanoparticles have shown UV 
absorption peaks in the range of 290-300nm 
using both the reducing agents. The absorbance 
of Cu nanoparticles is seen at this range due to the 
effect of L-ascorbic acid in the extract14. Silver 
nanoparticles show a UV absorption peak of around 
430 nm15whereas Silver oxide nanoparticles show 
an absorption peak in the range of 230-260nm16 
(Fig 1).
	 From this reading it is concluded that from 
the chemical method Silver Nanoparticles were 
produced evident from the Gaussian peak seen 
while from fruit extracts Silver Oxide nanoparticles 
were produced as the maximum absorption peak 
obtained was in the similar range which is in 
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Fig. 1. UV spectroscopy graphs of copper nanoparticles synthesized using different reducing agents (A)Ascorbic 
acid (B) Tomato extract (C) Guava extract  and silver nanoparticle using (D) Citric acid (E) Orange extract (F) 

Lemon extract

confirmation with previous similar research17. From 
UV spectroscopy it was seen that the structure 
of the synthesized nanoparticles produced using 
fruit extracts was similar to those produced using 
ascorbic and citric acid.

Thin Layer Chromatography analysis
	 Thin Layer Chromatography was 
performed to confirm the presence of Ascorbic 
acid and Citric acid by comparing the spots of the 
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Fig. 2. Graph of molar acid concentration vs time in hrs for ascorbic acid

Fig. 3. Graph of molar acid concentration vs time in hrs for citric acid

samples of fruit extracts before and after synthesis 
with standards. The results show the presence of 
ascorbic and citric acid in fruit extract used for 
synthesis which was reduced to a non-detectable 
range after the reaction.
Ascorbic acid and citric acid analysis
Acid Base Titration
	 For titration of ascorbic acid the colour 
change was from colourless to dark blue with 
starch as an indicator. The samples rich in ascorbic 
acid require more volume of titrant to get the 
colour change. The samples were taken after 8 
hour duration and the amount of titrant required 
to neutralize Ascorbic acid reduced gradually. The 
most rapid decrease in titrant volume was seen in 
the first 30 minutes after the synthesis reaction 

indicating the rapid utilization of Ascorbic acid for 
the reduction of Copper Sulphate.
	 Us ing  pu re  Ascorb ic  ac id ,  t he 
concentration of the fresh solution was 0.024M 
and it got reduced to 0.0023M after the synthesis 
reaction. In the case of tomato the concentration 
of acid in the fresh extract was 0.012M which it 
got reduced to 0.0014M after the reaction. For 
guava, the concentration was 0.004M (Fresh) and 
it was 0.0013M after the reaction. For estimation of 
citric acid acid-base titration was done with colour 
change being colourless to light pink. 
	 The amount of citric acid reduced from 
the sample was recorded, the concentration of acid 
was dropped to 0.007 M (After Reaction) from 
0.05M (Fresh), in the case of Orange extract, the 
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Fig. 4. Characterization by FTIR Analysis (A) Absorbance of Copper Nanoparticles Synthesized From Ascorbic 
Acid. (B) The absorbance of Silver Nanoparticles Synthesized from Citric Acid

concentration was 0.095M (Fresh) and reduced to 
0.006M (After reaction) and for Lemon extract, 
the concentration was 0.5M (Fresh) which was 
dropped to 0.16M (After reaction). All these 
readings indicate that the number of ascorbic acids 
and citric acids in the fresh extract was reduced 
after metal nanoparticle synthesis.

FTIR Spectra analysis
	 IR Spectrum of Copper nanoparticles 
shows absorbance at 3594.66 cm-1 indicating 
H-O-H stretching. Absorbance in the range of 
706-878 cm-1 indicates the presence of Copper 
and oxygen as well as Cu-O stretching18. A sample 
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Table 1. The antibacterial activity of the prepared 
copper nanoparticles at a concentration of 50µg/ml 

using different reducing agents against E. coli and S. 
pyogenes

	                                 Test organism
	                                   ( Zone of inhibition  in mm)
Reducing agent	 E. coli	 S. pyogenes

Ascorbic acid	 14 mm	 11 mm
Tomato Extract	 11 mm	 No Inhibition
Guava  Extract	 9 mm	 No Inhibition

Table 2. The antibacterial activity of the prepared 
silver nanoparticle in a concentration of 250µg/ml 
using different reducing agents against E. coli and 

S. pyogenes

	                               Test organism
	                               ( Zone of inhibition  in mm)
Reducing agent	 E. coli	 S. pyogenes

Citric Acid	 25mm	 12mm
Orange Extract	 22mm	 No Inhibition
Lemon Extract	 20mm	 No Inhibition

Fig. 5. Anti-bacterial assay of synthesized copper nanoparticles using different reducing agents with 50 µg/ml 
against (A) E.coli (B) S. pyogenes

of Silver nanoparticles showed absorbance at 
3492.45 cm-1 due to the presence of alcohols and 
phenols and also –OH stretching. They also show 
absorbance at 2923.56 cm-1, 1756.83 cm-1, 1457.92 
cm-1, 1110.8 cm-1, 832.133 cm-1, 794.493 cm-1 
indicating the presence of Silver nanoparticles 
and functional groups like alkyl halides, amide 
groups, aldehydes, ketones and their bending, 
aromatic compounds of C=C stretching, esters of 
C=O stretching, Alkanes, alcohols and phenols 
with C-H stretching as well as –OH stretching16. 
The absorbance at different frequencies for both 
samples showed expected functional groups by 
FTIR analysis
Antibacterial Effect analysis
	 The antimicrobial assay of CuNPs and 
AgNPs nanoparticles synthesized by fruit extract 

and acid was compared. The cell membrane is 
essential for the survival of bacteria, the rupture of 
the cell membrane due to its interaction with copper 
nanoparticles causes bacterial cell lysis19. The 
antimicrobial activity of the synthesized copper and 
silver nanoparticles was tested against 2 bacterial 
strains: Escherichia coli and Streptococcus 
pyogenes. The good diffusion test for the presence 
of a clear zone around the well containing a 
suspension of CuNPs and AgNPs confirms the 
antibacterial activity of the aforementioned metal 
nanoparticles which can inhibit the growth of 
Escherichia coli and Streptococcus pyogenes. 
The results for the antibacterial activity of the 
CuNPs and AgNPs are summarized in tables 1 
and 2 respectively. It was observed that chemically 
synthesized CuNPs and AgNPs exhibit similar 
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antibacterial activities against both the test 
organisms whereas nanoparticles synthesized using 
fruit extract showed no inhibitory activity against 
S. pyogenes (fig 6).
	 Generally, Ag and Cu NPs have been 
synthesized by reacting extract of fruit with 
metal ions17,20. The bioactive compounds such as 
proteins, vitamins, carboxylic acid, carbohydrates, 
saponins, polyphenols and amides found in the 
plant materials act as reducing and capping agents 
and use of hazardous reductants and surfactants 
can be reduced.21 The present study demonstrated 
successful synthesis of metal nanoparticles using 
extract of left over fruits as reducing agents. 
Antibacterial efficiency of the nanoparticles 
synthesized by using both the methods have shown 
similar antibacterial activity.  The antimicrobial 
mechanisms of  nanoparticles depend upon 
species of bacteria, size of the nanoparticles 
and concentration and purity of nanoparticles22. 
The E. coli was found to be more sensitive as 
compared to S. pyogenes to both the synthesized 
nanoparticles. This supports the previous work 
which shows Gram-positive bacteria are more 
resistant to nanoparticles 23.The nanoparticles 
synthesized by using extracts of left over fruits 
therefore gained the advantage of value addition 
and environment friendly process as compared to 
chemical synthesis. Fruit and vegetable wastes 
account for several thousand tonnes around the 

India. Therefore, utilization of these waste fruit 
and vegetable for various processes may strengthen 
the local economy and help mitigate environmental 
issues.  

Conclusion

	 In this study copper and silver nanoparticles 
were successfully synthesized using Ascorbic acid 
and Citric acid as well as different fruit extracts rich 
in these acids. The quantity of particles formed after 
the reaction was more when produced with fruit 
extract as a reducing agent. By iodometric titration 
and thin layer chromatography it can be concluded 
that fruit extracts can be used in place of chemicals 
acting as reducing agents for the synthesis of 
metal nanoparticles with antibacterial properties. 
The results obtained in the study also suggest that 
further purification steps are required for increasing 
the concentration and purity of synthesised metal 
nanoparticles.
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