
Journal of Environmental Chemical Engineering 9 (2021) 105089

Available online 15 January 2021
2213-3437/© 2021 Elsevier Ltd. All rights reserved.

Biocidal activity of citrus limetta peel extract mediated green synthesized 
silver quantum dots against MCF-7 cancer cells and pathogenic bacteria 

N. Pugazhenthiran a,b, S. Murugesan a,*, T. Muneeswaran c, S. Suresh d, M. Kandasamy a, 
H. Valdés b, M. Selvaraj e, A. Dennyson Savariraj f, R.V. Mangalaraja f,g 

a School of Chemistry, Madurai Kamaraj University, Madurai 625 021, Tamil Nadu, India 
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A B S T R A C T   

Monodispersed silver quantum dots (Ag QDs) of sub 5 nm range are prepared through a facile and size- 
controllable green synthesis route using sweet lime (Citrus limetta) peel (SLP) extract. Powder X-ray diffraction 
studies confirm the formation of face-centered-cubic structured Ag QDs which is corroborated by selected area 
electron diffraction. The Ag QDs show an absorption maximum at ~415 nm due to characteristic surface plasmon 
resonance. The Ag QDs prepared at 80 ◦C exhibit high photoluminescence quenching, indicating low recombi-
nation rate and high lifetime of photoexcited electrons. The examination of SLP extract by Fourier-transform 
infrared spectroscopy, LC-MS and NMR spectroscopy reveals the presence of citrate and carbohydrate bio-
molecules that could be responsible for the formation of small and stable Ag QDs. The cytotoxic studies indicate 
that the synthesized Ag QDs are able to effect 71% cancer cells death at 100 µg/mL concentration. Moreover, Ag 
QDs exhibit minimum inhibitory concentration (MIC) value of 50 μg/mL against all the selected pathogenic 
bacteria. Present findings suggest that Ag QDs obtained by SLP extract mediated green synthesis can be employed 
as a low-cost and eco-friendly biocidal agent.   

1. Introduction 

Cancer has emerged as a global health concern that encompasses 
more than 100 types of uncontrolled division of abnormal cells with the 
property of metastasis [1,2]. It is the third most prominent cause of 
death among people and accounts for nearly 15% of mortality in women. 
At present, therapeutic strategies, such as, chemotherapy, radiation 
therapy, photodynamic therapy, immunotherapy, surgery, vaccinations 
and stem cell therapy are followed for the treatment of cancer. Still, the 
global incidence and mortality rates of cervical cancer (ranks fourth in 
both) among females remain much higher over other cancer types [3]. 
According to the World Health Organization (WHO), by 2030, over 474, 
000 women per year would die because of cervical cancer and over 95% 
projected will occur in low- and middle-income countries. In this 

context, the cancer nanotechnology plays a decisive role as an emerging 
and innovative strategy to defeat the cancers, as nanotechnology can be 
used for cancer diagnosis and therapeutics via designing smart anti-
cancer nanomedicines with increased efficacy and specificity [4]. 
Particularly, bio-synthesized metallic nanoparticles have lured huge 
attention towards cancer theranostics [2]. 

In addition, as we know, the current world is perceived with a 
growing number of infectious diseases produced by various pathogenic 
bacteria. The continuous increase in the multidrug resistant bacteria and 
relative absence of appropriate antibacterial agents have led to a 
widespread rise of morbidity, mortality and socioeconomic losses [5–8]. 
Besides, the environmental problems created by the constant use of 
chemical based antibacterial agents demand the exploration of novel, 
eco-friendly and efficient antibacterial agents. Among bacteria, the 
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Gram-positive (Bacillus cereus & Staphylococcus aureus) and 
Gram-negative (Escherichia coli & Klebsiella pneumoniae) bacteria have 
been individually accounted towards food poisoning, nosocomial in-
fections, pneumonia, gastrointestinal illness, diarrhoea, lower respira-
tory tract infections, septicaemia, and haemolytic uremic syndrome 
[9–12]. In this context, metal nanoparticles are considered as efficient 
antibacterial agents to kill several bacteria belonging to both Gram- 
positive and negative groups [13]. 

The unique physicochemical properties of nanomaterials have 
attracted significant attention towards pharmaceutical applications, as 
there are ample prospects towards improving the efficiency, by means of 
tuning morphology, size, surface chemistry and surface charge charac-
teristics of the nanomaterials [14]. Among nanomaterials, the noble 
metal (Ag and Au) nanoparticles (NPs) have attracted significant interest 
due to their exclusive optical, chemical, electrical and magnetic prop-
erties and as a consequence, they have been potentially utilized in 
fungicidal [15], bactericidal [16], anti-cancer [16] and anti-parasite 
[17] pharmaceutical compounds. Among the noble metal NPs, silver 
nanoparticles (Ag NPs) are recognized as superior to gold NPs because of 
their exclusive and modifiable surface plasmon resonance (SPR) prop-
erty [18]. Besides their diverse sensing applications [19], the Ag NPs are 
regarded as chief inhibiting agents in biology. Owing to their antimi-
crobial property [20], Ag NPs have been applied in the treatment of 
fungal [21], bacterial [22,23] and viral [24] diseases as well as in the 
treatment of cancer [25,26]. In general, the synthesis of noble metal NPs 
through physical and chemical methods involves energy intensive pro-
tocols and the use of chemicals, leading to the generation of metal 
nanoparticles often contaminated with toxic chemicals [27]. Hence, the 
preparation of noble metal NPs with the help of reducing agents of 
biological origin is considered as an appropriate substitute to the most 
common physical and chemical methods, because of their ability to 
produce highly stable metal NPs with variable sizes, shapes and chem-
ical compositions in an eco-friendly, facile and low-cost manner 
[28–30]. 

In the past, microorganisms, such as, algae [31,32], bacteria [33,34] 
and fungi [35,36] were employed for the biosynthesis of Ag NPs, either 
intracellular or extracellular manner, in the absence of auxiliary capping 
agents. Nevertheless, the difficulties in maintaining cell cultures and 
their isolation [37] and higher reaction time [38] have limited the use of 
microorganisms for large scale applications. In contrast, the extracts 
derived from some trees or plant parts have emerged as alternative 
candidates to microorganisms for the effective use in extracellular syn-
thesis of Ag NPs [28,38–44]. The most advantageous features of plant 
mediated green synthesis of Ag NPs include simple preparation meth-
odology and large-scale synthesis possibility. Usually, the green syn-
thesis of Ag NPs is performed at room temperature, resulting in poor 
conversion of Ag+ ions to Ag0 nanoparticles. The major problem prev-
alent in the green synthesis of Ag NPs using plant extracts is the diffi-
culty in producing stable NPs with desired shape, size and 
monodispersity. Due to the presence of several flavonoids and other 
phytochemicals in the plant extracts, the mechanism of formation of NPs 
could not be clearly defined [45]. Interestingly, the Ag NPs synthesized 
through biological methods displayed superiority over those prepared 
by conventional methods in antimicrobial activity [46,47]. 

Size control is an important criterion during the green synthesis of Ag 
NPs, since their potential applications are branched out based on their 
size. The Ag NPs with small size are expected to show better interaction 
with microbial membranes, and hence, they could be potentially 
employed as anticancer and antibacterial agents [26,48–50]. To the best 
of our knowledge, the green synthesis of Ag quantum dots (Ag QDs) with 
size less than 5 nm range using plant extracts has not been reported yet. 
Herein, for the first time, a green synthesis of Ag QDs using sweet lime 
(Citrus limetta) peel (SLP) extract as reducing and stabilizing agent is 
reported. The sweet lime belongs to the family of Citrus originated from 
India. The dried peels of the sweet lime fruits have been used for several 
medicinal purposes, including anticancer and antibacterial treatments 

[51–55]. In this study, the SLP extract was analysed by LC-MS NMR and 
FT-IR and the phytochemicals present are identified and their effects in 
the final properties of synthesised Ag QDs are established. The biocidal 
activity of the synthesized Ag QDs was investigated against MCF-7 
human breast cancer cells and a selected pathogenic bacteria. 

2. Experimental details 

2.1. Chemicals 

Silver nitrate (AgNO3, 99%) was purchased from Merck and used as 
such. The sweet lime (Citrus limetta) fruits were obtained from the local 
market and the pathogenic bacterial strains were collected from Bose 
laboratory, Madurai, Tamil Nadu, India. All other chemicals and re-
agents employed in this work were of analytical grade. The sterile discs 
used for antibacterial studies were procured from Himedia Chemicals 
Pvt. Ltd., India. The glassware were cleaned by chromic acid, rinsed 
thoroughly using triple distilled water multiple times and dried in a hot 
air oven prior to their use. 

2.2. Preparation of sweet lime peel extract 

Fresh sweet lime peels (SLPs) were cut into small pieces and washed 
completely using double distilled water to eliminate surface adsorbed 
impurities. Around 10 g of the cleaned SLPs were placed in a 500 mL 
Erlenmeyer flask containing 150 mL double distilled water and boiled 
for 15 min at 100 ◦C. The obtained aqueous extract was filtered using a 
Whatman No. 40 filter paper. The resultant SLP extract was stored in a 
refrigerator at 4 ◦C for further studies. 

2.3. Synthesis of silver quantum dots 

The SLP extract was employed as a reducing and stabilizing agent in 
the preparation of silver quantum dots (Ag QDs). The schematic of the 
steps involved in the synthesis of silver quantum dots (Ag QDs) is 
illustrated in the Supporting information (Fig. S1). In brief, 5 mL of the 
SLP extract was added into 15 mL of double distilled water. With this, 
20 mL of aqueous AgNO3 solution (2 mM) was added drop-wise to 
obtain the AgNO3 concentration of 1 mM. The reaction mixture was 
transferred to a 250 mL triple neck round bottom flask and refluxed at 
the desired temperatures of 28 (room temperature (RT)), 60, 70, 80 and 
90 ◦C. During the reaction, 3 mL aliquots were withdrawn from the 
reaction solution at predetermined time intervals and the Ag QDs for-
mation was monitored by measuring UV–vis spectral changes. 

2.4. Characterization studies 

The bio-reduction of Ag+ ions to Ag0 QDs during the green synthesis 
reaction was monitored from the characteristic surface plasmon reso-
nance (SPR) spectra of the Ag QDs measured using a UV–vis spectro-
photometer (Shimadzu 2550). The morphology of the Ag QDs was 
analysed using transmission electron microscopy (TEM, FEI TECNAI-G2 

20 Twin). The crystal phase analysis of the Ag QDs was performed 
through X-ray diffraction (XRD) employing a Bruker AXS D8 Advance X- 
ray diffractometer with CuKα radiation (λ = 1.5406 Å). Concentrated Ag 
QDs were coated over a glass plate by drop-casting method for the XRD 
analysis. The fluorescence (due to Ag QDs) emissions were measured in a 
fluorescence spectrophotometer (JASCO FP-6300). Fourier transform 
infrared (FT-IR) spectra of the SPL extract and Ag QDs were recorded 
using a Perkin Elmer FT-IR spectrophotometer (KBr pellet method). The 
qualitative details about the compounds present in the SLP extract were 
examined through liquid chromatography-ion trap mass spectrometry 
(LCQ Fleet, Thermo Fisher Instruments, USA), in the ESI mode. Nuclear 
magnetic resonance (1H and 13C NMR) spectra were recorded in D2O on 
a 300 MHz NMR spectrometer (Bruker). 
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