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7.1 INTRODUCTION 

      Nanotechnology relates the area of science and engineering which uses nanoscale 

dimensions for  characterization, structure and development of materials[1]. Now-a-days, 

nanomaterials have proven their ability to offer a long term practical solutions to an array of 

world wide issues[2]. On a global scale, research and development in this field continues to 

develop[3]. When a material approaches closer to nanoscale range the properties get 

modified[4].  

     Biological method is the most widely used technique for the synthesis in recent days[5]. 

Any part of the plant which are used for the synthesis of nanoparticles are known as bio-

synthetic or green synthesis method[6]. This technique does not consume high pressure, heat, 

energy and hazardous chemicals[7]. Parts of the plant are an alluring venue due to the low 

cost cultivation, safety, rapid production time and capacity to boost the results for the 

fabrication of nanomaterials[8]. 

      One of the most widely utilized metal oxide nanoparticle is Zinc oxide because they are 

easy to synthesis and exhibit low level of toxicity[9]. Zinc oxide possess a band gap of 

3.37eV and the exciton binding energy of 60meV at room temperature[10][11]. ZnO is a n-

type semiconductor with amazing chemical, physical and thermal stabilities[5]. The mineral 

Hydrozincite often occurs in masses or crusts, sometimes mistaken with others minerals like 

calcite[12][13].   

      In the current chapter, Hydrozincite was synthesized using the Rubus Ellipticus Smith 

fruit. Rubus Ellipticus is a shrub type plant with 1meter -3meter in height. The native of this 

plant is Sri Lanka, China, Indonesia, Philippines and subcontinent of India[14][15][16]. The 

fruit is also known as Himalayan Raspberry or Golden raspberry which belongs to Rosaceae 

family[14][15][17]. In Nilgiris, Tamilnadu, India the fruit bears the tamil/local name as 

Mullu Pazham(MPM). Indian Himalayan region is very popular for its high bio-diversity, 

where more than 670 wild species are consumed for health beneficiary supplements[18]. The 

plant bears leaves with some prickles on it[16]. Image of the plant was shown in Fig 7.1. It 

bears small flowers which are white in color with five petals in it. The fruits were obovate 

shaped with golden yellow in color[19]. The unripe fruits were green in color and the ripened 



fruits were yellow in color[15]. The fruits has tiny white color seeds which are enclosed by 

the fleshy part and can be consumed as such. The flowers and fruits usually grow in clusters. 

The flowering season of this plant was from February to April and the fruiting season was 

from June to September[19].  

 

Fig7.1: Plant of MPM 

 

The taxonomical classification of the species is given below:                     

     Kingdom       :     Plantae 

       Clade            :     Angiosperms 

         Order            :     Rosales 

            Family          :     Rosaceae 

               Genus           :     Rubus 

                  Species         :     R. Ellipticus 

    

     The Rubus Ellipticus fruit resembles like Raspberry and Blueberry and has similar taste 

and health benefits[18]. The fruit has a natural colorants due to the presence of anthocyanins 

which was proved in previous work by Tarun Kumar, et al, 2023[16]. The stem and leaves 

has the presence of glycosides, flavonoids, terpenes, lipids, vitamins, phenols, ascorbic acids, 

amino acids etc.[18][15][20]. The plant has wound healing property due to its antitumor, 

antidiabetic and antioxidant activity[17][21]. Renal tonic and anti – diuretic properties were 

widely recognized in shoots and roots of this plant[15]. The roots, leaves and stem plays a 

vital role in Ayurveda, traditional Chinese medicine and in folk therapies[18]. The fruit has 

the presence of bioactive compounds due to which it is used in cosmetic, food, nutraceutical 

and in medical field to heal cough, fever, diarrhea, dysentery, vomiting and treating 

wounds[18][14][15]. The taste of the ripened fruit was sour and sweet[19]. The image of the 

flower and fruits were given in Fig 7.2 and Fig 7.3 respectively. 



                            

       Fig 7.2: Flowers and unripe fruits of MPM               Fig 7.3: Ripened fruits of MPM 

7.2: COLLECTION OF FRUITS AND PREPARATION OF FRUIT POWDER 

      The fruits of Rubus Ellipticus Smith was collected near the college campus, Government 

Arts College, Ooty, Tamil Nadu, India. The ripened fresh fruits has hairy texture, soft in 

nature which can be easily pressed by hand. The stalk base was removed from the fruits and 

the whole fruits were taken and cleaned for the characterization studies. The fruits were 

washed twice with tap water until the dust particles are removed. These fruits were then 

washed with distilled water to remove the ions and water soluble impurities. The collected 

fruits were showed in the Fig 7.4. Then the fruits were shade dried at room temperature. It 

took 3 weeks to get dry completely. The dried fruits got shrinked in size and was hard as their 

moisture content was lost. This was shown in Fig 7.5. The dried fruits were ground into 

powder using mortar and pestle. Powder of MPM was stored in an air tight container for 

further studies which was shown in Fig 7.6. 

                   

    Fig 7.4: Fresh fruits of MPM       Fig7.5: Dried fruits           Fig.7.6 Powder of MPM  

7.2.1 PREPARATION OF MPM AQUEOUS EXTRACT 

 



     The aqueous extract of MPM was prepared by reflux method as shown in Fig 7.7. 10g of 

MPM powder was measured and mixed with 200ml of distilled water. This mixture was 

refluxed at 90oc for approximately one hour so that the MPM powder gets easily absorbed in 

the water. After the mixture cools down to room tempertaure the round bottom flask was 

removed from the heating mantle and the extract was poured to a beaker. The MPM extract 

was collected and filtered twice using whatmann no.1 filter paper to remove the impurities. 

The prepared fruit extract was yellow in colour as shown in Fig 7.8. 

                                                

                   Fig 7.7: Reflux process                      Fig 7.8: Filtered solution of MPM 

                                                                                           fruit extract                                                                                   

7.2.2 PREPARATION OF HYDROZINCITE NANOPARTICLES USING TPM 

     100ml of distilled water was added to 2.19g of Zinc Acetate salt to prepare 0.1M of Zinc 

Acetate solution. The solution was stirred for about 45 minutes for the salt to get dissolved 

completely. The Zinc acetate solution was clear and the MPM extract was yellow in colour. 

The MPM extract was added to Zinc acetate solution at 1:1 ratio. The mixture was heated to 

100oc and stirred at around 530rpm for about 1 hour. The colour of the solution has changed 

from yellow to brown. This brown solution was kept covered for a couple of days without 

disturbing for the particles to get settle down. The prepared solution was tightly covered with 

a paper to prevent the dust particles to enter the solution or contaminated or oxidised. The 

sedimented particles was shown in Fig 7.9.  



                                                                                                                

Fig 7.9: Sedimented particles from MPM fruit extract 

The sedimented particles were brown in colour and those particles were taken and transferred 

into another beaker. In order to separate the colloidal solution of the sedimented particles the 

solution were centrifuged for 45 minutes at 1000rpm. The obtained particles were washed 

with distilled water to remove the water soluble impurities and centrifuged again for 30 min 

at 1000rpm. Then the particles were dried in oven for 30 minutes at 1000C to remove the 

moisture content in the prepared nano particles. The collected dried particles was shown in 

Fig 7.10. 

 

 

Fig7.10: Dried synthesized nanoparticle 

 

 

 

 

 

 

 

 



7.3 RESULT AND DISCUSSION 

7.3.1 XRD ANALYSIS 

 

Fig 7.11: XRD spectra of the synthesized sample using MPM fruit extract 

X-ray diffraction (XRD) spectra is a widely employed technique which is used to understand  

the phase identification of different crystalline materials such as nanopowders, solid-state 

compounds and thin films[22]. Fig 7.11 shows the XRD pattern for the synthesized particle 

using MPM fruit extract. X-axis represents 2θ value ranging between 100 to 800 and the Y-

axis scale represents the counts from 0.0 to 2.5. The synthesized sample reveals 2θ peaks at 

11.93, 13.11, 14.28, 15.13, 16.48, 20.52, 24.91, 27.43, 28.44, 31.82, 34.84, 37.79, 41.08, 

42.27, 45.02, 48.00 and 54.73. The assigned hkl values of the obtained peaks are 310, 200, 

020, 021, 001, 201, 310, 401, 020, 220, 202, 511, 402, 022, 701, 220 and 113 respectively. 

The observed peak values coincides with the peak values of JCPDS card no. 00-019-1458 of 

Hydrozincite with its corresponding peaks as 12.9, 17.0, 18.1, 22.6, 23.1, 28.5, 30.0, 33.2, 

36.2, 41.2, 43.1, 47.7[23][24][25]. The obtained 2θ values and the corresponding hkl values 

predicts that the prepared particle has monoclinic structure[26][27]. Peak at a 2θ value of 

13.11 strongly suggests that Hydrozincite consititutes the primary phase within the 

sample[28][29]. Crystallite size for the synthesized particle was calculated from Debye-

Scherrer formula mentioned in equation (1) in chapter 3. The peaks at the 2θ value of  13.11, 

16.48, 28.44, 34.84 and 42.27 with minimal disruption to the crystallinity shows the 

formation of well-defined periodic structure with relatively large crystallite size[30]. Peak 

broadening shows the irregular distribution in the interlayer spacing between Zinc atoms, 

suggesting lattice strain and reduced crystallite size[30]. The observed broadening of the 

peaks noticed at the 2θ values 24.91, 27.43,31.82 is an indicative of nanometer crystallite size 

of the synthesized sample[31][32][33]. Obtained 2θ values and their corresponding FWHM 



values and calculated crystallite size are tabulalted in Table 7.1. From the Fig 7.11 the 

unassigned peaks observed at the 2θ values 14.28, 15.13, and 20.52, which are not consistent 

with the standard JCPDS card no. 00-019-1458 were attributed to the impurity phases. The 

impurity phases might be due to the presence of bio-organic elements from the fruit extract. 

Table.7.1: Values of 2θ, FWHM and their calculated crystallite size of the prepared 

sample 

 

S.No. 2 𝜃 FWHM Calculated Crystallite 

Size 

1 11.93 3.76647 2.2149 

2 13.11 0.30412 27.47181 

3 14.28 0.33996 24.59362 

4 15.13 0.73076 11.45329 

5 16.48 0.30369 27.60467 

6 20.52 0.64389 13.094 

7 24.91 2.09553 4.05411 

8 27.43 0.64976 13.14264 

9 28.44 0.12611 67.92862 

10 31.82 3.15747 2.73136 

11 34.84 0.19173 45.30334 

12 41.08 0.62619 14.15555 

13 42.27 0.25569 34.78351 

14 48.00 0.23235 39.12984 

15 54.73 0.3127 29.83171 

 

The average crystallite size (D) of the synthesized particle was calculated to be 23.83nm. The 

dislocation density was calculated as 1.761 x 10-3nm-2 from the obtained crystallite size (D).  

 

7.3.2 UV ANALYSIS 

     UV spectroscopy detects the absorption of ultraviolet light by molecules, enabling precise 

analysis of electronic structures and concentration levels in diverse chemical systems[34]. 

The formation of nanoparticles can be studied using this technique[35][36]. Fig 7.12 shows 

the UV spectra for synthesized particle using MPM extract. 

 



 

Fig7.12: UV spectra of the synthesized sample using MPM fruit extract 

 

Wavelength in nm was marked in X-axis where the scale ranges between 200nm to 1100nm 

with a step size of 100nm. Aborbance in AU was marked in Y-axis where the scale ranges 

between 0.0AU to 1.5AU with a step size of 0.5AU. From Fig 7.12 the maximum absorbance 

peak was noticed at 302.76nm. The observed absorbance peak lies under blue shift region 

which confirms that the particle is in the scale of nano range[35]. Blue shift in the UV 

spectrum arises due to quantum confinement effect[37]. The observed sharp peak at 

302.76nm indicates the monodispersed character of the synthesized sample[38][39]. The 

inherent band-gap absorption at the peak value of 302.76nm shows the transition of lone pair 

electrons from bonding to anti-bonding state[5]. Multiple minor peaks indicates the structural 

heterogeneity or surface-bound species[40]. After 500nm the absorption peak gradually 

decreases. The optical band-gap energy was calculated using band-gap energy formula given 

in equation (4) in chapter 3. The optical band gap energy for the observed maximum 

absorption peak was calculated to be 4.10eV. The wide band gap indicates that the 

synthesized material behaves as an insulator, yet it can exhibit appreciable electrical 

conductivity under ambient conditions[41]. 

 

 

 

 

 

 

 

 



5.3.3 FT-IR ANALYSIS 

 

Fig.7.13: FT-IR spectra of the synthesized sample using MPM extract 

 

     Fourier Transform Infrared spectroscopy is a technique used to measure the quantity of 

electromagnetic radiation that is absorbed at the wavelengths beneath 4000-1- 400cm-1 mid 

infrared spectrum[42]. Using this technique the molecular species associated with the sample 

were investigated[43]. Functional groups, organic and inorganic compounds were identified 

using this technique[44][45]. FT-IR spectra for the prepared sample is displayed in Fig 7.13. 

The various functional groups involved in the sample was noticed with different peak 

vibration at the wavelength of 3487.55cm-1, 3393.26cm-1, 3126.74cm-1, 1760.27cm-1, 

1607.30cm-1, 1574.02cm-1, 1408.24cm-1,1334.37cm-1, 1231.72cm-1, 1047.43cm-1, 914.46cm-

1, 804.04cm-1, 759.72cm-1, 671.07cm-1 and 567.65cm-1. The peak at 3487.55cm-1 corresponds 

to O-H stretching which shows the indication of adsorbed H2O species[33][46]. Stretching of 

O-H vibration was observed at the peak 3393.26cm-1 where the formation of Hydrozincite 

was confirmed[23][24]. The peak at 3126.74cm-1 shows C-H stretching vibration with the 

prescence of Carboxylic acid. Peak arised at 1760.27cm-1 shows the presence of carboxylic 

acid and owing to the combination mode in Hydrozincite[24]. Peak observed at 1607.30cm-1 

was due to the strong interaction of C=O with Hydrozincite[30][28]. Peak at 1574.02cm-1  

shows the amorphous state of the synthesized sample and it was allocated to the carboxylate 

symmetric and asymmetric stretching vibration from the precursor of acetate anion[47][29]. 

Peak raised at 1408.24cm-1 shows O-H bending vibration with the presence of Carboxylic 

acid[29]. Anti symmetric O-H bending were liable for the peak arasied at 1334.37cm-1 which 

was due to the free CO3
2- ions[25]. Peak at 1231.72 was due to C-O stretching which shows 

the presence of alkyl aryl ether (Hydrocarbon) group. The peak raised at 1047.43cm-1 was 



due to C-O stretching which shows the carbonate group[48]. The non-planar vibrational band 

peaks observed at 914.46cm-1, 804.04cm-1 and was due to the unbound CO3
2- ions and also 

confirming the characteristic features of the synthesized Hydrozincite material[25]. In Fig 

7.13 the fingerprint region peaks at 759.72cm-1, 567.65cm-1 and 671.07cm-1 shows the 

presence of Zinc oxide which is a mixture of Hydrozincite[33][47][49]. Observed peaks and 

their corresponding wavelength are tabulated in Table 7.2. Analyzing the peaks in the Fig 

7.13(FT-IR spectra) confirmes that the prepared nanoparticles are Hydrozincite. 

 

Table 7.2: FT-IR peaks and their corresponding functional groups 

S.No Wavelength Assignment Functional Groups 

1 3487.55 O-H stretching Alchols 

2 3393.26 O-H stretching Alchols, Hydrozincite 

3 3126.74 C-H stretching Carboxylic acid 

4 1760.27 C-O stretching Carboxylic acid 

5 1607.30 C=O stretching Conjugated alkene 

6 1574.02 C=C stretching Cyclic alkene 

7 1408.24 O-H bending Carbonate 

8 1334.37 O-H bending Phenol 

9 1231.72 C-O stretching Alkyl aryl ether 

10 1047.43 C-O stretching Carboxylic acid 

11 914.46 C=C bending Alkene 

12 804.04 C=C bending Alkene 

13 759.72 Metal-Oxygen stretching ZnO[47][49]  

14 671.07 Metal-Oxygen stretching ZnO[47][49]  

15 567.65 Metal-Oxygen stretching ZnO[33][47] 

 

 

 

 

 

 

 

 



 

7.3.4 EDX ANALYSIS 

 

Fig 7.14: EDX spectra of the synthesized sample using MPM  fruit extract 

       

      The Energy Dispersive X-ray spectroscopy is used to examine the chemical 

characterization and the elemental composition of the sample by revealing the identifiable 

peaks[43][50]. The purity of the sample can also be examined using this technique[4]. The 

composition of elements present in the synthesized sample were shown in the Fig 7.14. 

Energy is denoted in X-axis whereas counts per electron volt is denoted in Y-axis. According 

to Fig 7.14 the elements noticed in the spectra are Zinc, Carbon, Oxygen, Phosphour and 

Potassium. The atomic and molecular weight of each observed elements are tabulated in 

Table 7.3. The traces of Zinc was observed by three peaks which arises due to the electronic 

transition from M-shell to L-shell and L-shell to K-shell[51]. Zinc retains its atomic and 

molecular weight as 58.47% and 45.13% respectively. The atomic and molecular weight 

percentage of Carbon was noticed as 37.4% and 38.45% respectively. For Oxygen it was 

noticed as 3.69% and 15.49% respectively. For Phosphour the atomic and molecular weight 

was noticed as 0.37% and 0.73% respectively. The atomic and molecular weight of 

Potassium was noticed as 0.08% and 0.2% respectively. The traces of Phosphour and 

Potassium were in negligible quantity that might be due to presence of the bio-organic 

compounds raised from the fruit extract[52]. The excitation of Zinc ions has different energy 

values such as 0.5KeV, 8.5KeV and 9.5KeV. Carbon ions has a energy value of 0.3 KeV, 

Oxygen ions has a energy value of 1KeV, Phosphour has a energy value of 2KeV and 

Potassium has a energy value of 3.4KeV respectively. The presence of Phosphour and 

Potassium confirmed through EDX analysis correlates with the minor impurity phases 

observed in XRD analysis. 

C 

Zn 

O 

Zn 

Zn K 

P 



 

Table 7.3: Atomic and Molecular weight of obtained chemicals from EDX spectra. 

S.No Elements Atomic Weight Molecular 

Weight 

Energy Value 

1 Zinc 58.47 45.13 9KeV 

2 Carbon 37.4 38.45 0.3KeV 

3 Oxygen 3.69 15.49 1KeV 

4 Phosphor 0.37 0.73 2KeV 

5 Potassium 0.08 0.2 3.4KeV 

 

The elements seen in EDX spectra confirms that the prepared nanoparticle is Hydrozincite 

(Zn5(CO3)2(OH)6) which is the combination of Zinc, Carbon and Oxygen[48][53][54].  

 

7.3.5 SCANNING ELECTRON MICROSCOPY ANALYSIS 

      

                 (a)                                      (b)                                          (c) 

                               

                                        (d)                                                        (e) 

Fig.7.15: SEM images of the synthesized sample using MPM fruit extract 

(a :50µm, b:10µm, c:5µm, d:2µm, e:1µm) 

 



 

      Scanning Electron Microscopy is used to examine the materials which are in nano scale 

range[42]. The surface morphology of the synthesized sample can be studied through this 

technique[54]. The morphology of synthesized Hydrozincite particle were shown in Fig 7.15 

at different magnifications. At 50µm magnification [Fig 7.15(a)] the acquired image 

morphology was like a plane sheet surface that resembled a cotton bed like structure[30][55]. 

Homogeneous distribution of the particles were observed throughout image. Sheet like 

surface arises due to the layered structures present in Hydrozincite[30]. In Fig 7.15(b) at the 

magnification of 10µm, the image still shows a flat and spongy surface. The surface 

maintained its spongy and flat surface at 5µm magnification as shown in Fig 7.15(c). The 

image seems more spongy in nature when additional magnification is increased to 2µm and 

1µm as shown in Fig 7.15(d) and (e). The spongy surface indicates the formation of 

mesoporous aggregates, suggesting high surface area and interconnected pore structures[27]. 

Although there are some minimal luminescence which might due to the presence of bio-

organic elements like Phosphor and Potassium arised from the fruit extract[56][57]. 

Presences of Phosphour and Potassium were confirmed through EDX analysis. 

 

5.3.6 TGA-DSC ANALYSIS 

                             

Fig 7.16: TGA-DSC curve of the synthesized sample using MPM fruit extract 

 

    Thermo Graviometric Analysis supplies data regarding the mass, weight loss and the 

content in the stabilizing agents[42][32]. Thermo-oxidative deconstruction of the sample can 



be noticed in TGA curve[23]. The TGA-DSC of the synthesized sample using MPM fruit 

extract was shown in Fig 7.16. The TGA curve gives information on degradation, 

vaporization of sample with respect to time at different temperture[42]. In Fig 7.16 the Red 

colour line indicates the TGA curve. For TGA, temperature in ºC was observed in X-axis 

whereas TG in % was observed in Y-axis. The specimen was heated upto 1200ºC from room 

temperature with the increase of 200ºC per minute. The initial loss of mass noticed upto 

200ºC was due to the release of water content in the sample which was adsorbed on the 

surface of the molecule[25][28]. Second phase denotes the major mass loss of the specimen 

from 250ºC upto 530ºC. A single step decomposition process can be observed in Fig 7.16 

which attributes to the chage in the crystal structure due to the combination of two 

phases[58]. Conversion of Hydrozincite into Zinc Oxide with the removal of CO2 and H2O 

was noticed at this second stage[58][28]. After 600ºC it reaches a constant phase. The weight 

loss was calculated as 13.61% in the first phase, in the second decomposition phase the loss 

of weight was calculated as 58.22%, and a minor loss at third phase was calculated as 2.86%. 

Conversion of Zno from Hydrozincite observed during the second stage of decomposition 

process(as in Fig 7.16) was represented in equation 7.1. 

                                   

                  Zn5(CO3)2(OH)6                             5ZnO + 2CO2 + 3H2O               (7.1) 

 

Differential Scanning Calorimetry (DSC) is a thermo analytical method which measures the 

variation in the amount of heat required to increase the temperature of the specimen[50]. 

From Fig 7.16 the obtained spectra shows a sharp exothermic peak at around 400ºC - 600ºC 

which was denoted by a blue colour line. Sharp peak denotes the removal of water 

content[13][28]. The exothermic effect of the material is linked to the disintegration of the 

grafted layers[59]. The peak shows the exothermic effect as the synthesized material 

undergoes crystallization process[50]. After 600ºC crystallization process decreases slowly. 

Another small exothermic peaks was noticied at 600ºC and at 900ºC. Thereafter the specimen 

gradually shifts to the melting phase. 

 

 

 

 



7.3.7. ANTI-MICROBIAL ACTIVITY 

7.3.7.1 ANTI-BACTERIAL ACTIVITY 

When the bacteria’s are treated with antibiotics, their ability to multiply gets restricted 

typically[60]. The synthesized nano particle and the fruit extract powder were characterized 

for anti-bacterial activity. In this activity the synthesized nano particle was indicated as NS 

and the MPM fruit extract was indicated as FE. Fig 7.17 shows the anti-bacterial activity 

results for the synthesized nanoparticle and the fruit extract. The activity were characterized 

for gram positive and gram negative bacterial strains. Staphylococcus aureus and  

Enterococcus faecalis were the gram positive strains. The gram negative bacterial strains used 

are Escherichia coli and Klebsiella pneumonia. The standard anti-bacterial agent utilized in 

the activity was Ciprofloxacin. The activity was performed using disc-diffusion method and 

the culture was grown overnight by using cotton swabs. The diameter of the rings formed 

around the sample is measured by Zone of inhibition (ZOI). It allows to study the 

effectiveness of the sample against the bacterial strains. Table 7.4 lists the measured ZOI for 

every bacterial stains. The percentage of inhibition was calculated with reference to 

Ciprofloxacin as mentioned in equation (5) in chapter 3. As shown in Fig 7.17 (a) NS showed 

13mm ZOI with 35% of efficacy and FE showed 7mm ZOI for with 18% efficacy for 

Staphylococcus aureus. As shown in Fig 7.17 (b) NS showed 13mm ZOI with 52% of  

efficacy for and FE showed 15mm ZOI with 60% of efficacy for Enterococcus faecalis. For 

the gram negative bacterial strains as shown in Fig 7.17 (c) NS showed 10mm ZOI with 34% 

of efficacy  and FE showed 15mm ZOI with 51% of efficacy for Escherichia coli. As shown 

in Fig 7.17 (d) NS showed 10mm ZOI with 35% of efficacy and FE showed 15mm ZOI with 

53% of efficacy for Klebsiella pneumonia. NS exhibited an improved and stronger anti-

bacterial activity than FE for all the tested bacterial strains.  

 

 

 

 

 

 

 

 



Table 7.4 : Results of Anti-bacterial activity along with their efficacy 

 

                            

                                  (a)                                                            (b) 

 

                            

                                    (c)                                                              (d) 

Fig 7.17: Anti-bacterial activity for the synthesized nanoparticle and MPM fruit extract 

    

S.NO Microorganisms NS FE Ciprofloxacin 

 

Efficacy with 

reference to 

Ciprofloxacin 

Zone of inhibition in mm NS FE 

 

1. 

 

Staphylococcus aureus 

 

13 

 

07 

 

37 

 

 

35% 

 

18% 

 

2. 

 

Enterococcus faecalis 

 

15 

 

 

13 

 

25 

 

60% 

 

52% 

 

3. 

 

Escherichia coli 

 

15 

 

10 

 

 

29 

 

51% 

 

34% 

 

4. 

 

 

Klebsiella pneumoniae 

 

15 

 

 

10 

 

 

28 

 

53% 

 

35% 



 

Fig 7.18: Comparative anti-bacterial activity 

The antibacterial efficacy of both the synthesized sample and the fruit extract against multiple 

bacterial strains is compared in Fig 7.18, which exhibits the differences in inhibition 

efficiency. All the tested bacterial strains are arranged in increasing order based on their 

performance against NS and FE. 

Enterococcus faecalis > Klebsiella pneumonia > Escherichia coli > Staphylococcus aureus 

The presence of Phosphour and Potassium in fruit extract which was confirmed through EDX 

analysis plays a significant role in anti-bacterial activity. Phosphour helps in the synthesis of 

bioactive substances by improving the metabolic pathways. Whereas Potassium maintains 

cellular ion balance and improves the cell structures, making bacteria more vulnerable. When 

combined, these components strengthen and stabilize the antibacterial substances, thereby 

inhibiting the growth of bacteria[61][62]. 

In addition to increase the effectiveness of bioactive chemicals in plant extracts, Zinc 

demonstrates antibacterial activity by rupturing bacterial membranes, producing reactive 

oxygen species, and blocking vital enzymes[63][64]. 

Thus the enhanced antibacterial activity of  NS compared to  FE  can be attributed to the 

combined presence of Zinc, Phosphorus and Potassium, which act synergistically to inhibit 

the bacterial growth. 



 

7.3.7.2 ANTI-FUNGAL ACTIVITY 

     Anti-fungal activity was carried using the same process as in anti-bacterial activity. The 

anti-fungal activity was determined by treating fungal cultures at defined concentrations and 

incubating them under suitable conditions. The killing of the fungi may occur by destruction 

of the cell wall, leading to osmotic lysis. The fungal strains employed for the activity are 

Aspergillus niger, Aspergillus fumigatus, Penicillum sps and Candida albicans. Ketoconazole 

was taken as standard anti-fungal agent in this activity. Antifungal activity for the synthesized 

nanoparticle (NS) and the fruit extract (FE) was depicted in Fig 7.19, and ZOI values for each 

fungus with reference to Ketoconazole were tabulated in Table 7.5. The percentage of 

inhibition was calculated with reference to Ketoconazole as mentioned in equation (5) in 

chapter 3. The presence of Zinc in NS exerts a direct effect by disrupting fungal cell 

membranes and interfering with enzymatic processes[65]. Phosphorus promotes the synthesis 

of secondary metabolites with antifungal properties, while Potassium strengthens cell walls 

and maintains osmotic balance, making fungal penetration more difficult. Together these 

elements act synergistically, stabilizing and potentiating the bioactive compounds in the fruit 

extract, resulting in effective inhibition of fungal growth[61][62]. As in Fig 7.19(a) NS 

showed 10mm ZOI with 76% of effectiveness and FE showed 8mm ZOI with 61% of 

effectiveness for Aspergillus niger. As in Fig 7.19(b) NS showed 8mm ZOI with 80% of 

effectiveness and FE showed 5mm ZOI with 50% of effectiveness for Aspergillus fumigatus. 

As in Fig 7.19(c) NS showed 9mm ZOI with 90% of effectiveness and FE showed 4mm ZOI 

with 40% of effectiveness for Pencillium sps. As in Fig 7.19(d) NS showed 10mm ZOI with 

66% of effectiveness and FE showed 7mm ZOI with 46% of effectiveness for Candida 

albicans. Among all the tested fungal strains, Aspergillus niger showed good response against 

NS and FE with reference to Ketoconazole. The tested fungal strains are arranged in an 

increasing order based on their performance against NS and FE. 

            Aspergillus niger > Candida albicans > Pencillium sps > Aspergillus fumigatus 

 

 

 

 

 

 



 

Table 7.5: Results of Anti-fungal activity along with their efficacy 
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Fig 7.19: Anti-fungal activity for synthesized nanoparticle and MPM fruit extract 
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Fig 7.20: Comparative anti-fungal activity 

Fig 7.20 illustrates a bar graph comparing the antifungal activity of the synthesized sample 

and the fruit extract against different fungal strains. Thus from the overall result good anti-

fungal activity was observed for the synthesized nanoparticles than the fruit extract. The 

antifungal activity of the synthesized nanoparticle (NS) is enhanced due to the presence of 

Zinc, Phosphorus and Potassium.  
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