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Abstract 

 

Green synthesis of nanoparticles represents an important part of nanotechnology 

that offers outstanding eco-friendly and financial benefits, when compared to 

conventional methods that use toxic substances and involve complex processes. 

Synthesis of zinc oxide nanoparticles (ZnO) was carried out from leaf extracts of 

mango (Mangifera Indica) and soursop (Annona Muricata) trees, which were 

used as reducing agents in an aqueous solution of zinc chloride (ZnCl2). These 

extracts were submitted to colorimetry analysis and FTIR in order to confirm the 

presence of flavonoids, saponins and tannins. The formation of nanoparticles was 

confirmed by UV-vis spectroscopy, SEM-EDS and X-ray. The material that was 

obtained with both extracts presented a semi-spherical morphology with average 

diatemers of 23± 9 nm (Mangifera Indica) and 17±4 nm (Annona Muricata). 
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1. Introduction  
 

Nanoparticles stand out as promising materials in nanotechnology because of the 

improvements that can be achieved by reducing their dimensions. Some studies 

have shown that the size and surface effects of the nanoparticles become more 

notorious as their sizes decrease [5, 6]. One of the main size effects is electron 
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confinement. This phenomenon presents interesting applications in metal 

nanoparticles, such as the manifestation of quantum effects in the form of 

magnetic properties and electronic conduction [7, 12, 20].  

Zinc oxide nanoparticles (ZnO) represent a material of great acceptance within the 

scientific community, since they present unique features thanks to their optical, 

antimicrobial, piezoelectric and pyroelectric properties. They also have versatile 

applications in transparent electronics, UltraViolet radiators, chemical sensors, 

products for personal care, coatings and paintings [19]. These nanoparticles can 

be synthesized by different techniques that include chemical precipitation, 

pyrolysis, spray, sol-gel, thermal decomposition and electrochemical and 

photochemical reduction techniques [4, 12]. However, most of these conventional 

methods involve tedious processes, sophisticated equipment, rigorous procedures 

and high-cost organic solvents that could generate toxic wastes [12, 17]. Thus, 

there is an increasing need to develop eco-friendly synthesis methods that do not 

require the use of substances with adverse consequences on the environment and 

human health. 

Biological processes and green chemistry synthesis of nanoparticles arise as 

alternatives to the conventional methods of synthesis. They use microorganisms, 

enzymes, algae and plant extracts to obtain the desired nanomaterial [1]. The 

leaves are generally used to prepare the extracts, since they represent no threat to 

food security [4, 14, 20]. Salam et al.  [14] carried out a study in which they 

obtained ZnO nanoparticles from basil leaves extract (Ocimum basilicum) with an 

average size of 50 nm, whereas Elumalai et al. [4] used neem (Azadirachta 

indica) leaves to obtain nanoparticles with an average size of 40 nm. This proved 

the effectiveness of plant leaves extracts as reducing agents for the formation of 

ZnO with an adequate size distribution that perfectly fits the nano scale. 

An eco-friendly synthesis was carried out in this research using solvents that were 

obtained from mango (Mangifera Indica) and soursop trees (Annona Muricata) to 

reduce a metal salt to ZnO nanoparticles. This was done with the purpose of 

improving the disposal procedure of biomass in the area, by proposing a less-

contaminant alternative than the traditional. 

 

2. Methodology 
 

2.1. Materials 

Synthesis of zinc oxide nanoparticles (Np-ZnO) involved the use of zinc chloride 

(ZnCl2) as precursor. This agent was manufactured by PanReac AppliChem. 

Reagent-grade ethanol was used for the cleaning of the nanoparticles. Mango 

(Mangifera Indica) and soursop (Annona Muricata) leaves were collected in rural 

areas around Cartagena, Colombia. 

 

2.2. Preparation of the extract 

The nanoparticles were produced by reducing the precursor salt of zinc chloride 

using the leaf extracts of mango (Mangifera Indica) and soursop (Annona 
Muricata) trees. In order to do so, the leaves with the best conditions were selected 
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from local trees, avoiding those that were exposed to urban pollution. These 

leaves were then washed with distilled water and submitted to an excess-water 

removal procedure that would facilitate the grinding process. 1 L of previously 

heated distilled water at 95°C was added to 100 g of the grinded biomass. After 20 

minutes, this infusion was filtered and concentrated by water evaporation until 

achieving a tenth of the initial volume [10].  

 

2.4. Synthesis of zinc oxide nanoparticles 

50 mL of an aqueous solution of zinc chloride (ZnCl2) [0.1 M] were prepared and 

mixed with 5 mL of the concentrated leaf extract. This solution exhibited an acid 

pH. Therefore, two drops of sodium hydroxide (0.5 M) were added in order to 

neutralize it. The mixture was stirred at a temperature of 100°C for 6 hours [20]. 

Once the reaction time had passed, it was submitted to centrifugation at 5000 rpm. 

The nanoparticles were then washed with distilled water and ethanol, and they 

were finally taken to a muffle furnace at 400°C for 3 hours [14].  

 

2.5. Characterization techniques  

The phytochemical components of each extract were determined by colorimetry 

techniques [21]. FTIR was also implemented by using the NICOLET 6700 

equipment and a gas chromatography analysis coupled to a mass spectrometer 

(GC-MS). In order to execute this analysis, the samples were prepared using 

HPLC-grade ethanol as solvent. They were concentrated at 60°C using a rotary 

evaporator for 15 minutes until obtaining 5 mL of the mango leaves extract and 

3.5 mL of the soursop leaves extract.  

The absorbance of the zinc oxide nanoparticles was determined by UV-Vis 

spectroscopy using a Labomed, Inc. UV 2650 equipment. Size, size distribution 

and elemental composition of the nanoparticles were determined by using a SEM 

coupled with an EDS. A Quanta FED 650 equipment was used for this purpose. 

Crystal structure and crystal size were determined by X-ray diffraction using a 

BRUKER D8 ADVANCE equipment. 

 

3. Results and Discussion 
 

3.1. Characterization of the mango (Mangifera Indica) and soursop (Annona 

Muricata) tree leaf extracts 

This research involved the execution of tests that proved the presence of 

flavonoids, saponins and tannins in the extracts. These compounds promoted the 

formation of the nanoparticles, since they are considered as bio-reducing agent of 

metal salts [18]. 

Regarding the flavonoid test, 0.4 mL of the concentrated extract was diluted in 3.2 

mL of distilled water, and then magnesium ribbon and a little amount of 

hydrochloric acid was added to the dilution. The test was considered as positive 

because of the colour change that was observed and the subtle heat release with 

formation of foam, as it can b see in Figure 1.a. and Figure 1.d. for the mango and 

soursop  extracts,  respectively.   In  the  case of  saponins,  a little  amount  of  the 
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concentrated extract was vigorously stirred in a test tube for 12 minutes. Figure 

1.b. and Figure 1.e. show the surface foam, which confirms the presence of 

saponins in both extracts. For the tannin tests, 10 mL of distilled water were added 

to 0.25 mL of the concentrated extract, along with a drop of ferric chloride (FeCl3 

at 97%). A dark greenish coloration indicated the presence of these compounds 

(Figure 1.c. and Figure 1.f.) [3, 21]. 

 

 
 

Figure 1. Results of the characterization by colorimetry. (a) Flavonoid test, (b) 

saponin test and (c) tannin test in the soursop (Annona Muricata) tree leaf extract. 

(d) Flavonoid test, (e) saponin test and (f) tannin test in the mango (Mangifera 

Indica) tree leaf extract. 

 

The FTIR technique allowed the determination of functional groups within the 

biomass that was used for this study. Figure 2 illustrates the results for the mango 

(Mangifera Indica) and soursop (Annona Muricata) tree leaf extracts. Regarding 

the mango tree leaf extracts, characteristic peaks were observed for the hydroxyl 

group (3256 cm-1), amines (1604 y 1037 cm-1) and phenols (1243 cm-1). In a 

similar way, the soursop tree leaf extracts showed the presence of hydroxyl 

groups (3272 cm-1), anhydrides (1774 cm-1), ester (1735cm-1), alkenes (1650 and 

1620 cm-1), aromatic rings (1562 and 1541 cm-1), alkanes (1393 cm-1) and amines 

(1047 cm-1) [16]. The presence of these functional groups confirms the results that 

were obtained in the colorimetry tests, since they can be typically found in 

flavonoids, saponins and tannins; the main agents within the extracts that promote 

the reduction of the metal salt [11,15]. 

 
 

Figure 2. FTIR of the mango tree (Mangifera Indica) and soursop tree (Annona 

Muricata) leaf extracts. 
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The GC-MS chromatographic analysis was carried out by direct injection of the 

organic extracts. The analysis indicated presence of ketones, flavonoids and 

alcohols which promote the reduction reaction facilitating the synthesis of 

nanoparticles. Mango leaves shows presence of Hydroquinone (1.7% w/v), Ortho-

catechol (1.3% w/v) and Pyrogallol (26.9% w/v). Soursop leaves shows presence 

of Ortho-catechol (1.3% w/v) and Tyrosol (3.4% w/v). Additionally, the presence 

of oleic acid in both extracts (29.1% w/v for mango and 18.0 % w/v for soursop) 

can contribute to the stabilization of zinc nanoparticles acting as a surfactant [13]. 

 

3.2. Characterization of the zinc oxide nanoparticles  

The formation of ZnO nanoparticles could be confirmed from the colour change 

that the mixture experienced during the reaction, from dark brown to a yellowish 

white tone (Vanathi, et al., 2014). An UV-Vis spectroscopy was carried out as a 

way to ratify the presence of the nanomaterial. The results are shown in Figure 3. 

There, a peak at a 369 nm wavelength can be observed for both mango and 

soursop tree leaf extracts. Similar results were obtained in previous investigations 

[4, 18]. 

 

  
 

Figure 3. UV-Vis spectrum of the ZnO nanoparticles from mango (Mangifera 

Indica) and soursop tree (Annona Muricata) leaf extracts. 

 

 

Figure 4.a. and Figure 4.c. show the SEM images of the manga and soursop 

samples, respectively. There, it can be noted that the nanoparticles presented a 

semi-spherical morphology in both cases. However, the ones that were obtained 

from the mango extract (ZnONp-Mango) exhibited an average size of 23 ± 9 nm, 

whereas the ones from soursop extract (ZnONp-Soursop) presented an average 

size of 17 ± 4 nm. Size distribution of the samples (Figure 4.b. and Figure 4.d.) 

was obtained from the ImageJ software. These results are similar to the ones that 

were obtained using Agathosma Betulia leaf extracts to obtain ZnO nanoparticles 

with an average diameter of 19 nm [19]. In the same way, the sizes that were 

obtained in this study can be compared to the ones reported by Bhuyan et.al, [2] 

who used Azadirachta Indica as reducing agent and obtained particles with an 

average diameter of 17.9 nm [2]. 
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Figure 4. SEM of the zinc oxide nanoparticles. (a) SEM and (b) size distribution 

histogram of the ZnO nanoparticles from mango tree (Mangifera Indica) leaf 

extract. (c) SEM and (d) size distribution histogram of the ZnO nanoparticles 

from soursop tree (Annona Muricata) leaf extract.  

 

 
 

Figure 5. X-ray diffraction pattern of the ZnO nanoparticles from mango 

(Mangifera Indica) and soursop tree (Annona Muricata) leaf extracts. 

 

X-ray diffraction was used to determine the crystal structure of the nanoparticles 

that were synthesized from both extracts. Figure 5 shows the patterns that were 

obtained from this technique. Characteristic peaks of ZnO can be observed in 

these patterns at angles 31.79°, 34.43°, 36.26°, 47.58°, 56.60°, 62.86° and 

67.92°[1]. These angles are related to Miller indices [hkl] (100), (002), (101), 

(110), (103), (112) and (202), respectively, and they are typically attributed to a 

hexagonal wurtzite structure [14, 18]. The data obtained from the X-ray 

diffraction patterns allowed the calculation of the crystal size from Scherrer 

formula [8]. The result for the ZnONp-Mango was an average size of 13.80 nm, 

while the one for ZnONp-Soursop was 14.30 nm. Crystallinity percentage of both 

samples was also calculated using the Diffract Suite TOPAS software from the 

contribution to the intensity of both crystal and amorphous field by single line 

fitting. In the case of ZnONp-Mango, it reached 98.4%, whereas ZnONp-Soursop 

exhibited a 99.15%.            
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4. Conclusions 
 

In the present work it could be demonstrated that mango (Mangifera Indica) and 

soursop (Annona Muricata) tree leaf extracts contains flavonoids, saponins and 

tannins. These compounds act as reducing agents of metal salts, and they allowed 

the formation ZnO nanoparticles, by means of an eco-friendly and low-cost 

technique. The nanomaterial presented excellent characteristics, including size 

and crystal structure aspects. Therefore, it represents a potential candidate for 

several applications related to photocatalysis.  
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