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Abstract  
The nanoparticle synthesis by green method has great concern to many researchers’ to find new biomedical and 
pharmaceutical material. In this study, an eco-friendly method used for producing silver nanoparticles (AgNPs) utilizing 
Carica Papaya fruit juice as a reducing and stabilizing laborer.  
Various optimum conditions to producing AgNPs are studied and the synthesized NPs are identified by UV-Vis, FT-IR, AFM, 
SEM and Zitasizer. Particle size (40-105nm) is indicated by AFM and SEM with average diameter 75.68nm and spherical in 
shape, while DLS showed the coated particle size with 555.21nm. The fruit juice showed many elements and compounds 
which analyzed by AAS, GC-Mass, respectively. So, the information appeared that fruit juice can work as a good bio-
reductant to produce AgNPs, with the acceptable role as antibacterial agent and could be effective factors against different 
enzymes. 

Key words: Green synthesis, Silver nanoparticles, Carica Papaya, Enzyme and Bactericidal effect 

INTRODUCTION 
Nanotechnology includes the manufacture, characterization 
and/or manipulation of components that have 
approximately 1-100 nm in length in one its dimension. 
When particle size is decreased lower than this dimension, 
the resulting materials appear chemical and physical 
properties differ greatly from macro scale components [1]. 
The metallic nanoparticles (NPs) have many 
implementations in different field like cosmetics, coating, 
electronics, packaging, also in biotechnology [2]. The NPs 
can pass blood vessels and moving toward target organ, this 
allow for new imaging, therapeutic and bio-medical 
implementations [3].  
The effectiveness of AgNPs is come from teeny size. These 
NPs possess huge surface area prorated to its volume. 
Nanomaterials are rapidly developing areas of nano-
medicine and bionano-technology. Moreover, it has 
interesting physicochemical properties [4, 5]. A tiny 
quantity of silver is too safe for cells in human, while it 
lethal to microorganisms [5]. Green synthesis of NPs by 
eco-friendly way is accomplished by diverse biological 
entities like plant extracts, yeast and bacteria [6]. 
It is worth mentioning that the NPs fabrication utilizing 
plants presents significant advantages over other biological 
methods [7]. 
Papaya, Papaw Kates and Paw Paw are the major 
commonly name for Carica papaya (C. papaya), one of the 
medicinal plants, belongs to family Caricaceae, which are 
used since long time ago to treat various diseases [8, 9].  
Many researches deals with Carica papaya fruit extract on 
rat indicate, the antioxidant and immunostimulant feature 
versus acrylamide toxicity [10]. The leaves and fruit 
extracts containing many proteolytic enzymes, phenols and 
vitamins, which acts as excellent antimicrobial and good 
antioxidant agent [11]. 
Our study aimed to investigate the chemical components of 
the Carica Papaya Juice and synthesis, characterization of 
AgNPs using this juice without external addition of capping 

agent, surfactant or reducing agent, with investigate the 
influence of various conditions to producing AgNPs. The 
efficacy of the synthesized AgNPs as antibacterial agent, 
with its effect against GOT and GPT enzymes were 
investigated.  

MATERIALS AND METHODS 
1. Materials
Silver nitrate AgNO3 was supplied from Sigma–Aldrich
and other reagents used in the reaction were of analytical
grade with maximum purity. Throughout the experiment
deionized water was used in all work.
2. Chemical detection of the plant components:
The chemical components (glycosides, alkaloids, saponins,
phenolic compounds, tannins, resins, flavonoids and
proteins) of the Carica papaya juice were detected [12].
3. Atomic absorption analysis:
The trace elements of the Carica papaya juice and the
AgNPs concentration were mesured using Flame Atomic
Absorption Spectroscopy (AA-680, Shimadzu-Japan).
Standard solutions were prepared for each element and the
absorbance values of these samples were determined from
the calibration curve.
4. GC-Mass analysis:
Four milliliter of Carica papaya juice was taken,
centrifuged, filtered and extracted by ethyl acetate (4 x 20)
using separating funnel. The obtained EOAc portion was
collected, concentrated by evaporating under vacuum at
50ºC using the rotary evaporator and then GC-Mass
(QP2010Ultra, Shimadzu Co., Kyoto, Japan) analysis was
performed [13].
5. Preparation of the C. Papaya fruits:
The Carica papaya fruit were obtained from the china
market. The fruits were washed many times. The juice was
obtained via pressing the fresh fruit through the gauze after
excluded the seed. Then, it was filtered then centrifuged for
ten min. (2500 rpm). The juice kept frozen at -20ºC until
used.
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6. Biosynthesis of silver nanoparticles 
The Carica papaya juice (10 ml) was gathered with 10 ml 
of 1 mM AgNO3 in round bottom flask connected with 
condenser and the solution was keep stirred. The bio-
reduction of the Ag+ in this reaction was affirmed by 
alteration in color: (AgNO3) no color to (AgNO3+juice) 
yellowish color to bright yellow color, then to dark brown. 
The solutions were then stored at 4°C in dark glass bottles. 
7. Fixation of various parameters 
7.1. Temperature 
The reaction temperature was maintained at 15, 15 in dark, 
37, 60ᵒC in round bottom flask on hot plate magnetic stirrer 
and 15ᵒC using shaking. Other optimization conditions 
were used, as followed previously.  
7.2. Time 
The time required for the reaction completion was 
monitored through 75 min, with time interval 15 min. Other 
optimization conditions were used, as followed previously. 
7.3. pH 
The pH of reaction was maintained at 4, 5, 6, 7, 8 and 9, 
respectively. Other optimization conditions were used, as 
followed previously.  
7.4. Ratio of silver nitrate and the juice 
The reaction was monitored by utilizing various proportion 
of AgNO3 and juice solution (1:1, 2:1, 3:1, 4:1, 1:2, 1:3 and 
1:4).  
7.5. Concentration of AgNO3 solution 
The procedure mentioned was refined to optimization of 
AgNO3 concentration; the reaction was maintained using 
various concentration of AgNO3 (0.25, 0.5, 1, 2 and 4 mM), 
respectively. Other optimization conditions were used, as 
followed previously.  
7.6. Stability of AgNO3 solution 
Stability of AgNO3 was observed along with 48 h, for 30 
days (at room temperature). 
8. Characterization of AgNPs 
8.1. UV-Vis spectrum analysis 
Analysis of UV–Vis spectrum was done using (PG 
Instruments Limited, T80, Germany) spectrophotometer 
from 190 to 900 nm (1 nm resolution). The pure Ag+ ions 
reduction was monitored by observing the spectrum at 
room temperature. Maximum absorbance of AgNPs 
showed at near 445 nm. 
8.2. FTIR analysis 
The biosynthesized AgNPs sample was treated as in 
previous work [13] and analyzed by FTIR (shimadzu-
8400S) spectrophotometer, finally, compared the result 
with the spectrum of the extract. 
8.3. AFM analysis 
The biosynthesized AgNPs were characterized by Atomic 
Force Microscope (AFM) to identified the size distributions 
using (Model AA3000, Angstrom Advance Inc., USA) 
[14], [15].  
8.4. SEM analysis   
Shape, morphologies of biosynthesized AgNPs were 
characterized by Scanning electron microscopy (SEM), 
using (SEM-TeScan VEGA 3 SB, USA). 
8.5. Zeta potential analysis 
Zeta potential measurement was used to characterized the 
biosynthesized AgNPs. Zeta potential, size of NPs were 

measured by Electrophoretic Light Scattering (ELS) and 
Dynamic Light Scattering (DLS) using ZetaPlus 
(Brookhaven Instruments Corp., USA). The results were 
averaged with five time measurements. 
8.6. Antimicrobial activity (well diffusion method) 
The synthesized AgNPs by Carica papaya juice were 
analyzed for the antibacterial activity using well diffusion 
procedure against pathogenic organisms with Escherichia 
coli (E. coli), Pseudomonas aurius (P. aureus) Klebsiella 
pneumonia (k. pneumoniae) and Staphylococcus aureus (S. 
aureus). Using micropipette, the test samples (S1=AgNPs 
3.47 ppm, S2=AgNPs 2 ppm, S3=AgNPs 1 ppm, 
S4=AgNPs 0.5 ppm, S5=AgNO3 (1mM) 169.9 ppm and 
S6=Extract of Carica papaya juice) respectively, were 
prepared with serial dilution from stock one (S1=3.47 ppm, 
measured by AA spectroscopy) with deionized water and 
poured into wells on all plates [15], [16]. 
8.7. Effect of AgNPs on GOT and GPT activities 
The glutamate oxaloacetate transaminase (GOT), glutamate 
pyruvate transaminase (GPT) activities were measured by 
the method of Reitman and Frankel using Randox Kit at 
546 nm against the reagent blank. 
A- The samples (S1=AgNPs 3.47 ppm, S2=AgNPs 2 ppm, 
S3=AgNPs 1 ppm, S4=AgNPs 0.5 ppm, S5=AgNO3 
(1mM) 169.9 ppm and S6=Extract of Carica papaya juice) 
respectively. The human serum GOT, GPT enzymes 
activities were measured by adding 100μl of sample (S1-
S6) or deionized water (for blank). The inhibition 
percentage was calculated according to the equation: 

% Inhibition = 100 − 100 X 
The activity with inhibitor 

The activity without inhibitor 

B- The concentration of AgNPs (S2 – 2 ppm) was used to 
study the type of inhibition with different concentrations of 
substrate (40, 80, 120, 160, 200) mM for GOT, GPT. The 
activities of enzymes with and without AgNPs (S2) were 
determined and drawing 1/V against 1/[S] (Lineweaver-
Burk equation) for measuring values: 
A) Apparent  (V𝑚𝑎𝑥

𝑎𝑝𝑝) , B) Apperent (K𝑚
𝑎𝑝𝑝) , C) Type of 

inhibition or activation. 
 

RESULTS AND DISCUSSION 
 
Phytochemical constituents of Carica papaya juice:    
Qualitative chemical analysis of Carica papaya juice 
shown in Table-1, which indicated that juice contents were: 
glycosides, proteins, phenolic compounds, tannins, resins,   
flavonoids and alkaloids. Other studies showed that Carica 
papaya fruit is a good source of many components like 
provitamin a carotenoids, B vitamins, ascorbic acid, 
lycopene, fiber and minerals. Danielone ( phytoalexin) 
detected in this fruit. Carica papaya has different phenolic 
groups act as scavenge free radicals [17]. The leaves and 
fruit of Carica papaya are rich in enzymes (hydrolytic 
proteins); act as a good antioxidant and an eminent 
antimicrobial agent [18-21]. Similar results were obtained 
by other studies which indicated the presence of 
carbohydrate, glycosides, proteins, phenolic compounds, 
alkaloids, terpenoids, flavonoids, saponins and steroids in 
Carica papaya Fruit juice [17, 22].   
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Table 1: Chemical components analysis (qualitative methods) 
of Carica papaya fruit juice. 

 
Table 2: The trace elements content of Carica papaya 

fruit juice. 

 
 

 
 
 

 
Table 3: Retention time, name and molecular weight of Carica papaya fruit juice detected by  

GC-Mass 
Peak Peak Line Name of the compound Formula Molecular Weight Retention time 

1 Line 1 Methanamine C2H7NO 61 3.667 
2  Glyceraldehyde C3H6O3 90  
3  Ehtyl acetimidate C4H9NO 87  
4  Glycerin C3H8O3 92  

5 Line 2 3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-
pyran-4-one C6H8O4 144 8.883 

6  2,4,5-Trimethyl-1,3-dioxolane C6H12O2 116  
7  Ethoxyethene C4H8O 72  
8  1,2,4,5-Tetramethyl-1,2,4,5-tetraazinane C6H16N4 144  
9  2,4-Dihydroxy-2,5-dimethyl-3(2H)-furanone C6H8O4 144  

10 Line 3 Nitroisobutylglycerol C4H9NO5 151 13.200 
11  Butoxyacetic acid C6H12O3 132  
12  Sucrose C12H22O11 342  
13  Oxirane C6H10O3 130  
14  Glycidyl butyl ether C7H14O2 130  
15 Line 4 2-methyl-Hexanoic acid C7H14O2 130 18.992 
16  2-methyl-Pentanoic acid C6H12O2 116  
17  Tetradecanoic acid C16H32O2 256  
18  2-methyl-Undecanoic acid C12H24O2 200  
19  Methyl dodecanoate C13H26O2 214  
20 Line 5 Oxalic acid, butyl propyl ester C9H16O4 188 22.250 
21  Oxalic acid, isobutyl propyl ester C9H16O4 188  
22  Diisobutyl 2-oxomalonate C11H18O5 230  
23  1-Cyclopentyl-2,2-dimethyl-1-propanol C10H20O 156  
24  1,1-Diisobutoxy-isobutane C12H26O2 202  
25 Line 6 Glycidol methacrylate C7H10O3 142 23.000 
26  Vinyl methacrylate C6H8O2 112  
27  Cyclopropyl ethyl ketone C6H10O 98  
28  Allyl methacrylate C7H10O2 126  
29  3,3-dimethyl-1,5-Heptadiene C9H16 124  
30 Line 7 2,3,4-Trimethyl-1-pentanol C8H18O 130 25.183 
31  3,3,4-Trimethyldecane C13H28 184  
32  3,4-Diethyl hexane C10H22 142  
33  3-Ethyl-4-methylheptane C10H22 142  
34  Isopentyl ether C10H22O 158  
35 Line 8 3,3,4-Trimethyl-1-decene C13H26 182 26.958 
36  (5E)-3-Methyl-5-undecene C12H24 168  
37  2-Ethylhexyl methacrylate C12H22O2 198  
38  3,4-Diethyl hexane C10H22 142  
39  (2Z)-3-Methyl-2-undecene C12H24 168  

Result Note Reagents Components 
_ve 
+ve 
+ve 

---- 
Purple ring 
Blue sol. 

Iodine test 
Molish test 

Benedict test 
Glycosides 

+ve Green ppt Ferric chloride 
FeCl3       3% 

Phenolic    
compounds 

+ve 
+ve 

Green ppt 
Yellow ppt 

Ferric chloride 
FeCl3       3% 
Lead acetate 

0.1% 

Tannins 

+ve Turbidity Ethanol Resins 
+ve Yellow ppt Ethanol+KoH Flavonoids 
+ve 
+ve 
+ve 

White ppt 
Brown ppt 
Yellow ppt 

Mayer's reagent 
Wagner reagent 

Picric acid 
Alkaloids 

Concentration  ppm Trace elements 
0.904 Zinc                Zn 
0.272 Cobalt             Co 
0.294 Nickel             Ni 
Nil Cadmium        Cd 

0.017 Iron                  Fe 
0.16 Manganese          Mn 

0.124 Copper            Cu 
Nil Lead                 Pb 
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Fig 2: GC-Mass Spectrum of the main compounds identified in Carica papaya fruit juice 

 

 
Fig1. The chromatogram of Carica papaya fruit juice 

detected by GC-Mass 
The trace elements in Carica papaya fruit juice shown in 
Table-2, which indicated that the concentrations of (Zn, Co, 
Ni, Fe, Mn and Cu) were (0.904, 0.272, 0.294, 0.017, 
0.160, 0.124) ppm, respectively, and both of (Cd and pb) 
were not detected. Many other researchers indicated the 
presence of different minerals found in this plant [17, 22]. 
A study of ethyl acetate fraction by GC-Mass to Carica 
papaya fruit juice has shown many compounds (Figure 1 
and Tables 1) with  different groups like CO, NO, OH, 
COOH, NH…etc, which participate in reducing power of 
this plant and acting as capping and reducing agent to 
synthesis AgNPs. The main compounds identified in fruit 
juice were shown in Figure 2. It is clear from Table 3 that 
some components have complex chemical structures. The 

results clearly illustrate that the fruit juice was rich in 
phenolic compounds, carboxlic acids, aldehydes, 
antioxidants, unsaturated fatty acids, terpenes and others 
[13].  
Biosynthesis of AgNPs: 
Green synthesis by using plants is stocked with different 
metabolites that are capable of reducing metal salts to form 
many types of NPs. The silver ions in aqueous form were 
reduced to AgNPs when added to Carica papaya fruit 
juice. Alteration in color of mixture solution, yellow to 
bright yellow to brown, was seen gradually, which 
indicated to AgNPs formation (Figure 3).  

 
Fig 3: UV–Vis spectra and color change in reaction 
mixture of A-Aqueous solution of 1mM AgNO3, B- 

Carica papaya fruit juice, C- AgNPs. 
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The formation and stability of the colloidal AgNPs was 
monitored by UV–Vis spectrum, which showed a 
maximum absorbance near 445 nm, elevated with time of 
incubation of AgNO3 with the Carica papaya juice. The 
above curve shows increasing absorbance with time 
intervals.  The peaks were noticed near 440-450nm belongs 
to the surface plasmon resonance (SPR) of AgNPs. The 
data indicated that the reduction of the sliver ions took 
place extra-cellularly and broadening of peak clarified that 
the synthesized particles are poly-dispersed [23]. 
 
Fixation of various parameters: 
Various parameters were optimized and characterized as 
affecting agents on the yields of AgNPs: 
A- Temperature: 
As shown in figure 4, the producing rate of AgNPs 
increased, when temperature elevated. The size at the 
beginning of reaction was decreased because of reduction 
in aggregation of the growing AgNPs. Elevating 
temperature near (60ᵒC) assist the crystal developments 
surround the nucleus. Furthermore, the color change during 
this reaction after (15, 30, 45, 60 min) shown in (Figure 5).   

 
Fig 4: UV–Vis spectra for different temperature 

(A=15ᵒC, B=15ᵒC in dark, C=37ᵒC, D=60ᵒC on stirring 
hot plate and E=15ᵒC using shaking) 

 

 
Fig 5: Color change for different temperature (15, 30, 

45, 60 min). 
B- Time: 
        The other factor considered was the reaction time 
required. The results showed gradual elevating of 
absorbance spectrum as the reaction time increasing with 
SPR near 435 nm, so color intensity elevated concurrent 
with incubation, which indicated the increasing in AgNPs 
formation. Our Study indicated that the time required to 
complete the formation of AgNPs was 60 min (Figure 6) 
and the color change during this reaction shown in (Figure 
7). As compared with previous studies, the time required 
for reduction of Ag ions ranged from 60 min [23] to 48 h or 
even more than one week [24]. 

 
Fig 6: UV–Vis spectra for different time A=15 min, 

B=30 min, C=45 min, D=60min, E=75 min) temperature 
60ᵒC. 

 
Fig 7: Color change for different time (1, 15, 30, 45, 60, 

75 min). 
C- pH: 
The effect of pH on formation of AgNPs was shown in 
Figure 8, while Figure 9 shows the color change during this 
reaction. There can be seen that elevated in absorbance 
associated with elevated in pH (4 to 7) while it has been 
decreased with 8 and 9. So, it was found that the optimum 
pH for the reaction was 6. The same results were shown in 
our previous study [13], as well as others researcher, 
Veersamy et al. [23] and Khalil et al. [24]. These studies 
confirmed that shape and size of synthesized AgNPs could 
be influenced by changing of pH media which leads to 
change the electrical charges of bio-components work as 
capping and stabilizing agents. 

 
Fig 8: UV–Vis spectra for different pH (A=4, B=5, C=6, 

D=7, E=8, F=9) temperature=60ᵒC, time=60 min. 

 
Fig 9: Color change for different pH (from left to right 

A=4, B=5, C=6, D=7, E=8, F=9) 
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D- Ratio of silver nitrate and fruit juice: 
Optimization of AgNO3 and Carica papaya fruit juice 
desired for extreme production of AgNPs, were monitored 
by changing the ratio of AgNO3 and the fruit juice (Figure 
10). The data showed that the best ratio was 3:1 depends on 
the optimum absorbance and number of trials. The color 
changed during this reaction shown in Figure 11.  
   

 
Fig 10: UV–Vis spectra for different ratio of AgNO3 

and the fruit juice (A=1:1, B=2:1, C=3:1, D=4:1, E=1:2, 
F=1:3 and G=1:4) temperature=60ᵒC, time=60 min, 

pH=6. 
 

 
Fig 11: Color change for different ratio of AgNO3 and 
the fruit juice (from left to right A=1:1, B=2:1, C=3:1, 

D=4:1, E=1:2, F=1:3 and G=1:4) 
 

E- Concentration of AgNO3 solution: 
The other factor was the concentration of AgNO3. Different 
concentrations of AgNO3 solution were used to get extreme 
production of AgNPs. The data showed that the best 
production with 1 mM of AgNO3 (Figure 12) and the color 
change during this reaction shown in (Figure 13). 
Whenever the AgNO3 increased, the adversity of yellow 
color developed to deep brown. Increasing the AgNO3 
concentration made the SPR peak featured [25]. So, to 
achieve control of growth and smaller particle size, the 
above mentioned conditions have been used for the further 
study. 

 
Fig 12: UV–Vis spectra for different concentration of 

AgNO3 (A=0.25, B=0.5, C=1, D=2 and E=4 mM) 
temperature=60ᵒC, time=60 min, pH=6, ratio 3:1 

 
Fig 13: Color change for different concentration of 

AgNO3 (from left to right A=0.25, B=0.5, C=1, D=2 and 
E=4 mM) 

The overall optimized reaction conditions were: 
temperature=60ᵒC, time=60 min, pH=6-7 (weak acidic to 
neutral), the concentration ratio of AgNO3 to the Carica 
papaya juice=3 : 1, and concentration of AgNO3=1 mM. 
The prepared AgNPs were steady for one month near 25ºC 
(Figure 14). 
 

 

 
Fig 14: UV–Vis spectra of prepared AgNPs after 24h 

and after 1 month. 
 
FTIR analysis: 
The FTIR analysis was achieved to characterize the 
prospective bio-molecules responsible to formation of 
AgNPs by reduction of silver ions to Ago and its 
stabilization as capping agent. The spectra of Carica 
papaya fruit juice and AgNPs produced (after reaction with 
AgNO3) have been shown in (Figure 15, A & B), 
respectively. It can be seen a characteristic bands belong to 
AgNPs identical to those of Carica papaya fruit juice, 
which indicating that AgNPs were coated with the bio-
molecules of the extracts. 
The bands near 684 and 667 cm-1 is assigned to CH out of 
plane of substituted ethylene systems –CH=CH. The bands 
at 1049, 1055 cm-1 belong to C-OH stretching of secondary 
alcohols. Broad peaks between 3201-3448 and 3184-3277 
cm−1for Carica papaya fruit juice and AgNPs, respectively, 
belong to -NH stretching in amide (II) or bending of –O–H 
stretching. In NPs, a high shift in the peak with low 
intensity was observed from 3201-3448 to 3184-3277 and 
1417 to 1410 cm−1, with disappear peak at 1350 cm−1, 
implying the binding of silver ions with hydroxyl, N–H of 
amines and carboxylate groups  of the extract to stable 
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AgNPs [26, 28]. Band at 2933 cm−1 belongs to asymmetric 
stretching of C-H groups [27]. 
 

 
Fig 15: FTIR spectra of (A) Carica papaya fruit juice 

and (B) synthesized AgNPs. 
The Carica papaya is an affluent origin of medicinally 
important components like proteins, carbohydrate, 
minerals, vitamins and phenolic components, alkaloids and 
others [18-21]. The FTIR confirmed the data shown by GC-
Mass, that the fruit juice included important groups as OH, 
CO, NO, COOH, NH act in capping the NPs synthesis and 
might be contribute to stability. 
 
AFM analysis 
Identifying the size and morphology of AgNPs was down 
by AFM analysis. The surface morphology of the particles 
sizes with irregularly shaped and the size distribution of 
AgNPs synthesized by Carica papaya fruit juice were 
shown in Figure 16, with average size diameter 75.68 nm. 

 

 
Fig 16: AFM images (2D & 3D) and size distributions of 

synthesized AgNPs 
 
  

The SEM (Figure 17, A-D) was identifying the structure 
and morphology of the NPs. The data showed relatively 
spherical shape NPs with coated materials from Carica 
papaya fruit juice and a diameter ranging near to 500 nm 
(as shown later by Zeta potential). The relatively spherical 
shaped AgNPs with a different diameter range using SEM 
which synthesized using Boswellia [28]; using Shorea 
tumbuggaia [29]; plant extracts of Aloe vera [30]; Carica 
papaya [31] and with orange peel extract [32]. 
 

 
Fig 17: SEM images of synthesized AgNPs (A=20μm, 

B=2μm, C=2μm, D=1μm) 
 
Zeta potential analysis: 
Zeta potential distribution of synthesized AgNPs was 
measured by Electrophoretic Light Scattering (ELS) equal 
to –16.93 mV (n = 5), and the mobility (μ/s) / (V/cm) of the 
sample was –1.32 as shown in Figure 18. The ELS is 
originally used for identifying the surface charges 
of colloidal particles  or other macromolecules  in liquid 
media in an electric field [33]. The ELS can identify 
different particle size for proteins and gives information 
about surface charges [34]. 
 

 
Fig 18: Zeta potential distribution, mV (left) and 

mobility (μ/s) / (V/cm), of synthesized AgNPs 
 

The effective diameter and polydispersity of synthesized 
AgNPs measured by (DLS) equal to 555.21 nm 0.330, 
respectively, as shown in Figure 19. The charge and 
particle surface feature play the important action in the 
particle’s physical state, agglomeration tendencies, stability 
in diverse reaction and interaction with biological media 
[35]. The stability at minimal zeta potential more 
commonly implies some degree of steric stabilization. So, 
these results obviously shown that the particles in solution 
are less stable (relatively) due to the zeta potential was less 
than ±30 mV. 

 
Fig 19: The effective diameter (nm) and Multimodal 

Size Distribution of synthesized AgNPs 
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The NPs need a suitable functional group on the surface to 
conjugating with different bio-molecules. Most bio-
molecules have a primary amine, phosphate, carboxylic 
acid, thiol or an alcohol group on their surfaces [13, 36-38] 
and different one of these components can be interact with 
surface of NPs in order to surrounding  the NPs as 
illustrated in Figure 20. 

 
Fig 20: Possible compounds of Carica papaya fruit juice 

responsible for bioreduction of AgNPs. 
        Furthermore, the mechanism of AgNPs synthesized by 
plant extracts involved three main steps: (1) Activation step 
(2) Growth step (3) Termination step to form the final 
shape of the NPs [39] as illustrated in Figure 21. 

 
Fig 21: Proposed mechanisms to synthesis AgNPs by 

using Carica papaya fruit juice as reducing and 
stabilizing agent (M+-metal ion). 

 
Antimicrobial activity: 
        The AgNPs concentration equal to 3.47 ppm (S1), 
which measured by AAS. The Figure 22 and Figure 23 
showed the inhibition zone on nutrient agar by well 
diffusion method using E. coli, P. aureus, k. pneumoniae 
and S. aureus as a function of AgNPs concentrations (S1-
S4), AgNO3 (S5) and Carica papaya fruit juice (S6). The 
results indicated that the bacteria were inhibited by 
different concentrations used. 

 
Fig 22: Inhibition activity of AgNPs (S1-S4), AgNO3 

(S5) and Carica papaya fruit juice (S6) against E. coli, P. 
aureus, k. pneumoniae and S. aureus. 

      
Fig 23: Antibacterial Activity of AgNPs (S1-S4), AgNO3 
(S5) and Carica papaya fruit juice (S6) using E. coli, P. 

aureus, k. pneumoniae and S. aureus 
 

The E. coli was less sensitive to AgNPs as compared to S. 
aureus, this was in agreement with other works [13, 24], 
while Kim et al. [40] showed that S. aureus was less 
affected by AgNPs compared with E. Coli even in high 
concentrations (reverse to our results. Furthermore, the 
highest assay of inhibition was achieved for k. pneumonia, 
when the lowest concentration of (S4) and (S6) were used. 
The effect of AgNPs on GOT and GPT activities: 
This research investigates the AgNPs effects on GOT and 
GPT enzymes. The biochemical study illustrated that 
AgNPs caused inhibitory effects to these enzymes. Our 
results indicate that the concentration of AgNPs (S2) 
inhibited both of enzymes with (76.5 %) and (73.9 %) as 
shown in Figure 24 A and B, respectively. 
The results in Table 4 and Figure 25A, showed the kinetic 
parameters (Vmax, Km and inhibition type) for AgNPs on 
serum GOT activity using Lineweaver-Burk plot. The 
values of Vmax, Km without AgNPs were 16.67 U/L and 
58.8 mM, respectively. A liquate concentration 2 ppm of 
AgNPs (S2) was competitive inhibition to GOT, which 
changed the Km without Vmax of the enzyme. When 
AgNPs-S2 used, the  V𝑚𝑎𝑥 

𝑎𝑝𝑝 and  K𝑚
𝑎𝑝𝑝  were 16.67 U/L, 80 

mM, respectively. 
The results in Table 4 and Figure 25B, showed the kinetic 
parameters (Vmax, Km and inhibition type) for AgNPs on 
serum GPT activity using Lineweaver-Burk plot. The 
values of Vmax, Km without AgNPs were 15.38 U/L, 90.9 
mM, respectively. A liquate concentration 2 ppm of AgNPs 
(S2) was competitive inhibition to GPT, which changed the 
Km without Vmax of the enzyme. When AgNPs-S2 used, 
the  V𝑚𝑎𝑥 

𝑎𝑝𝑝 and  K𝑚
𝑎𝑝𝑝  were 15.38 U/L, 333.3 mM, 

respectively. Our previous study indicated the effect of 
biosynthesized AgNPs on these enzymes [13]. 
 

Table 4: kinetic properties of GOT and GPT with 
AgNPs 

Enzyme Vmax 
U/L 

Km 
mM 

𝐕𝒎𝒂𝒙
𝒂𝒑𝒑  

U/L 
𝐊𝒎
𝒂𝒑𝒑 

mM Inhibition type 

GOT 16.67 58.8 16.67 80 Competitive 
GPT 15.38 90.9 15.38 333.3 Competitive 
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Fig 24: Percentage Inhibition of GOT (A) and GPT (B) by AgNPs (S1-S4), AgNO3 (S5) and Carica papaya fruit juice 

(S6) 
 

 
Fig 25: Lineweaver-Burk plots of AgNPs (S2) on the GOT (A) and GPT (B) 

 
The heavy metals are toxic and can react with proteins; 
which strongly interact to thiol portion in enzymes to 
inactivate them. Also, silver and gold bind to these proteins 
(or enzymes), made protein deactivation and denaturation 
[41]. We hypothesized that NPs of AgNPs interact with 
GOT and GPT, resulting in protein denaturation or 
inactivate it, so this AgNPs inhibited these enzymes.  
 

CONCLUSION 
The C. papaya fruit juice has beneficial properties for 
health and therapy. The C. Papaya fruit juice capable of 
synthesized AgNPs and work as both reducing and 
stabilizing agent because this fruit juice contains many 
components which analyzed by GC-Mass. The synthesized 
NPs were confirmed by UV–Vis, FTIR, AFM, AA, SEM, 
and Zitasizer. Color changes were produced at optimal 
conditions. The rate of formation of the AgNPs increased 
significantly in weak acidic to neutral medium with 
increasing temperature. The C. Papaya can produce 
useable NPs. which can be utilized for antibacterial 
applications and have effective role against liver enzymes. 
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