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ABSTRACT 
The synthesis of silver nanoparticles (AgNPs) using secondary metabolites of biological 

materials is a simple, cost-effective, and environmentally friendly method compared to 
physical synthesis methods. The secondary metabolites of the fruit peel extract can be used 

to synthesize AgNPs. Researchers chose experimental research articles with the theme of 

silver nanoparticle synthesis using fruit peels for review and selected journals published 

from 2018 to 2022 from web searches PubMed, Google Schoolar, Scopus, and 
ScienceDirect. The researchers screened and selected 28 articles according to the inclusion 

and exclusion criteria. The synthesis of AgNPs using fruit peel extracts can produce stable 

nanosized AgNPs. Silver nanoparticles synthesized using fruit peels showed stable silver 
nanoparticle synthesis results in terms of zeta potential and polydispersity index (PDI) values 

and obtained an average size of 2–200 nm with a spherical shape. 

Keywords: Silver Nanoparticles, Fruit Peel Extract, Antibacterial agent  
 

INTRODUCTION  

Nanotechnology is a modern exploratory field involving the design, synthesis, and use 

of particles ranging in size from approximately one to 100 nm. Several metals, including Au 
(gold), Ag (silver), Ce (cerium), Pt (platinum), Pd (palladium), and Zn (zinc), can be used to 

create metal nanoparticles (Das, Patra, Debnath, et al., 2019) (Annu et al., 2018). In this 

study, silver salts were used. Silver is an antimicrobial agent that has been used since ancient 
times and was approved as an antibacterial agent in the early 1990s (Das, Patra, Debnath, et 

al., 2019) (Perveen et al., 2018). In addition, silver-based compounds are cheaper than gold-

based ones. This compound also has a unique ability to fight infectious diseases by 

preventing the growth of bacteria, fungi, and germs, so silver nanoparticles are a popular 
component in many health products and devices (Yahya dan Abid, 2022). AgNPs can be 

prepared by reducing silver salts, usually with silver nitrate. Silver nanoparticle material can 

be formed using two approach, namely the "top-down" and "bottom-up" approach. The "top-
down" approach involves breaking down large pieces of a material to produce the required 

nanostructures. The "bottom-up" approach forms nanoparticles by assembling single 

materials or molecules into larger nanostructures (Song et al., 2020). The “top-down” 
approach involves the mechanical grinding of the bulk metal with subsequent stabilization 

using colloidal protective agents. "Bottom-up" approach, such as chemical reduction 

methods, electrochemical methods, and others (Zhang et al., 2016). 

AgNPs can be prepared using various types of nanoparticle synthesis methods, namely 
physical, chemical, and biological methods (Nguyen, 2020). In contrast to physical and 

chemical methods, nanoparticle synthesis uses biological methods or green nanoparticle 

synthesis, which is environmentally friendly, cost-effective, and stable for a long time, and 
can produce various forms of nanoparticles (such as spherical, spherical, prismatic, or plate) 

with sizes ranging from 1 to 100 nm. The combination of small size and high surface-to-

volume ratio is the reason for the effectiveness of nanoparticle preparations (Alkhulaifi et al., 
2020). 

https://ojs.stfmuhammadiyahcirebon.ac.id/index.php/iojs
mailto:erindyah.rw@ums.ac.id
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Certain plants have historically been recognized as good sources of medicinal 
chemicals and have been used in herbal medicine to treat various diseases (Yahya and Abid 

2022). Plant biomass may also prove useful for the sustainable manufacture of nanoparticles. 

The 'green' way is also considered very effective in synthesizing nanomaterials for new 
product development. Nanoparticles synthesized with secondary metabolites of biological 

materials are considered relatively safe, environmentally friendly, harmless, and non-toxic 

(Das, Patra, Basavegowda, et al., 2019). Secondary metabolites at biological materials 

function as reducing agents to reduce silver salts, silver nitrate (AgNO3), so that in the bio 
method, the formation of silver nanoparticles is made using the ‘Bottom-up" approach. 

Extracts from various plant components, including algae, fungi, and microbes, can be 

used to create green nanoparticles (Patra, Das and Shin, 2019). The demand for 
environmentally friendly and non-toxic nanoparticle manufacturing techniques has fueled 

interest in biological approaches that avoid the use of hazardous chemicals as byproducts. 

Biological engineering has a high probability of being environmentally and economically 

advantageous. Biological methods involve the production of nanoparticles using 
microorganisms or medicinal plants (Yahya dan Abid, 2022).  

To obtain important products and to further reduce or eradicate the waste materials 

produced, the green synthesis of nanoparticles is currently a very attractive research area. 
Biological synthesis of AgNPs is also considered advantageous because it is easier for mass 

production. AgNPs synthesized from secondary metabolites of biological materials are 

biocompatible and can be safely used for various therapeutic applications. Utilization of 
agricultural fruit peel waste in the synthesis of AgNPs is also an environmentally friendly 

opportunity (Das, Patra, Debnath, et al., 2019). With improved biodegradability and reduced 

toxicity, AgNPs offer remarkable anticancer, antiviral, antibacterial, and anti-inflammatory 

properties. An approach that is affordable and safe for the environment is the biosynthesis of 
silver NP (Das, Patra, Basavegowda, et al., 2019). 

Silver nanoparticles (AgNPs) possess unique chemical, optical, electrical, magnetic, 

and mechanical properties. This unique feature can be useful in drug delivery applications 
(Yahya and Abid, 2022). AgNPs are commonly utilized in goods, including household 

antiseptic sprays, wound dressings, and antimicrobial coatings for medical devices, and are 

used to sterilize textiles and air surfaces because of their broad-spectrum antibacterial 
capabilities (Das, Patra, Debnath, et al., 2019). 

 

RESEARCH METHOD   

This study was conducted using a systematic literature review. This systematic review 
presents the results of nanoparticle synthesis using various biological ingredients from fruit 

peels. This systematic literature review was conducted using several electronic databases, 

namely ScienceDirect, Scopus, PubMed, and Google Scholar, using the keywords 
biosynthesis, nanoparticles, silver, and fruit peels. The study was conducted using the 

following inclusion criteria: the research theme was the biological synthesis of AgNPs using 

fruit peels, studies provide variable results that confirm the formation and stability of 

AgNPs, and articles are available free of charge.  

 
Figure 1. Number of articles publication year 
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Figure 2. Data extraction 
 

Research Procedure 

The research strategy for studies or journal articles was selected using the following 

data: type of fruit peel used, resulting nanoparticle size results, resulting nanoparticle shape 
results, color results showing the formation of nanoparticles, and several variables of the 

resulting nanoparticle stability, such as polydispersity index (PDI), zeta potential, and yield. 

The following lists the criteria used to evaluate the methodological quality of the studies. To 
analyze the potential of silver bionanoparticles synthesized using fruit peels, we examined all 

selected articles, namely, the size characterization of the synthesized nanoparticles, the shape 

of the resulting nanoparticles, the color results showing the formation of nanoparticles, and 

the stability of the resulting nanoparticles. Articles that report a correlation between the 
concentration of the reducing agent and the reduced material, as well as the size of the 

resulting nanoparticles, are considered to be of higher methodological quality. 

 
 

RESULTS AND DISCUSSION  

The domains of biology, medicine, and engineering are all included in the expanding 
field of nanotechnology research. However, using a green strategy, the unique 

multidisciplinary field of nano-biotechnology makes it possible to utilize nanoparticles in 

biomedical settings. AgNPs can be produced from agricultural fruit peel waste in an 

environmentally friendly process (Das, Patra, Debnath, et al., 2019). 
 

Table I. Study of the Biosynthesis Characteristics of Silver Nanoparticles 

N

o 

Fruit 

identity 

Sample 

concentrat

ion 

AgNO3 

concentr

ation 

NP 

Size 

NP 

Shap

e 

Colo

r 

Zeta 

Pote

ntial 

PDI 
Referen

ces 

1 Citrus 
sinensis 

(a) 

Citrus 
limonum 

(b) 

Citrus 

reticulata 
(c ) 

50, 100, 
and 150 

g/ml  

2 ml 
AgNO3 

10 

mM/L  

75,67 
nm 

spher
ical  

brow
n 

- - (Yahya 
dan 

Abid, 

2022) 

Identification of articles results (n=122) Identificatio

n 

Excluded (n=94) 
Literature not use peel of fruit (n=91) 
There is a doble journal (n=3) 
 

Screening results based on title and abstract (n=28) Screening 

Full text of the eligibity of the article (n=28) Eligibilit 

Article included for review (n=28) Included 
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2 Citrus par
adisi  

10 % 9 mL 
AgNO3 

(0, 

0,625, 1, 

1,25, 
2,5, 5, 

dan 10 

mM) 

160.5±
1.74 

nm 

- reddi
sh 

brow

n 

- - (Arsène 
et al., 

2021) 

3 Citrus 

maxima 

Merr.  

2,5 % AgNO3 

0,1 M  

13 ± 6 

nm 

spher

ical 

red – 

dark 

brow

n 

- - (Nguyen

, 2020) 

4 Citrus 

limon  

10 % 50 mL 

AgNO3 

1 mM  

59,74 

nm 

spher

ical 

and 
rod-

like 

brow

n 

- - (Alkhul

aifi et 

al., 
2020) 

5 Citrus 

macropter
a  

10 % 40 mL 

AgNO3 
2 mM 

11 nm 

 
 

spher

ical 

Yello

wish 
oran

ge 

−20.

8 
mV 

0,252 (Saha et 

al., 
2021) 

6 Citrus 

limetta  

40 % 0.001 N 

AgNO3  

18 nm 

 

spher

ical  

brow

n 

- 0,25 

mon
odisp

ersi 

(Dutta, 

Ghosh, 
et al., 

2020) 

7 Citrus 
limon (a)  

Citrus 

tangerine 

(b) 
Citrus 

sinensis 

(c) 

10 % 40 ml 
AgNO3 

1 mM 

10 - 70 
nm (a) 

5 - 80 

nm (b) 

10 - 50 
nm (c) 

spher
ical, 

trian

gle, 

hexa
gonal

, rod 

reddi
sh 

brow

n / 

golde
n 

- - (Niluxss
hun, 

Masilam

ani dan 

Mathive
nthan, 

2021)  

8 Citrus 

sinensis  

40 % 0.001 N 

AgNO3  

22 nm 

 

spher

ical 

brow

n 

- 0,226 

mon

odisp

ersi 

(Dutta, 

Chattop

adhyay, 

et al., 
2020) 

9 Citrus 

reticulata 
Blanco 

(Kinnow)  

10 % 150 ml 

AgNO3 
1 mM 

10–35 

nm; 
10,7 

nm 

spher

ical 

Dark 

brow
n 

- - (Jaast 

dan 
Grewal, 

2021) 

1

0 

Citrus 

paradisi 

30 % 80 mL 

AgNO3 

1 mM  

14.84 

± 5 nm 
 

spher

ical 

brow

n 

- polid

isper
si 

(Ayinde, 

Gitari 
dan 

Samie, 

2019) 

1
1 

Citrus 
reticulum  

40 %  2 mM 
AgNO3 

10–19 
nm; 

14,6 

nm 

spher
ical / 

oval 

Dark 
brow

n 

-22,3 
mV 

0,197 (Omran 
et al., 

2021) 

1

2 

Ananas 

comosus 

22 % 100 mL 

AgNO3 

37,32

%  

Nearl

y 

Redd

ish 

- - (Das, 

Patra, 
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(L.)  1 mM spher
ical 

brow
n 

Debnath
, et al., 

2019) 

1

3 

Ananas 

comosus  

40 % 10 mM 

AgNO3  

11,61 

nm 

spher

ical 

Dark 

brow
n 

- - (Baran 

et al., 
2021) 

1

4 

Punica 

granatum 

(black 
skin) 

10 % 6 mM 

AgNO3 

15.6 

nm  

 

spher

ical 

Dark 

brow

n / 
redne

ss 

-39,6 

mV 

0,32 (Khorra

mi, 

Zarepou
r dan 

Zarrabi, 

2019) 

1

5 

Punica 

granatum  

33 % 1 mM 

AgNO3  

15-30 

nm; 

20 nm 

spher

ical 

Dark 

brow

n 

31,2 

± 0,3 

mV 

0,321 (Khan et 

al., 

2021) 

1
6 

Punica 
granatum  

10 % 1 mM 
AgNO3  

57.7 - 
142.4 

nm 

spher
ical 

Dark 
brow

n 

-
68.9

3 mv 

- (Joshi et 
al., 

2018) 

1

7 

Punica 

granatum  

10 % AgNO3 

0.1 mM 

20 - 40 

nm; 
26,95 

nm. 

spher

ical 

brow

n 

- - (Devane

san et 
al., 

2018) 

1
8 

Punica 
granatum 

L  

Citrullus 

lanatus  

7 % 
pomegran

ate (PP) 

and 

watermel
on (WP) 

100 ml 
silver 

AgNO3 

1 mM 

PPAg
NPs : 

15 - 70 

nm; 61 

nm 
WPAg

NPs : 

20 - 85 
nm; 75 

nm 

spher
ical 

Dark 
brow

n 

PPA
gNPs 

: - 

25.4

6 
mV 

WPA

gNPs 
: -

21.3

3 
mV 

- (Saad et 
al., 

2021) 

1

9 

Vitis 

vinifera  

20 % AgNO3  30–65 

nm 

spher

ical 

Dark 

brow

n 

-28.4 

mV 

- (Hashim 

et al., 

2020) 

2

0 

Vitis 

vinifera  

10 % 90 mL 

AgNO3 

1 mM 

10–50 

nm; 30 

nm 

 

spher

ical 

and 

nearl
y 

spher

ical  

reddi

sh 

brow

n 

- polid

isper

si 

(Kowsal

ya et al., 

2019) 

2

1 

Ipomoea 

batatas 

(L.) 

40 % 500 mL 

AgNO3 

1 mM  

- spher

ical 

reddi

sh 

brow

n 

- - (Das, 

Patra, 

Basaveg

owda, et 
al., 

2019) 

2
2 

Pisum 
sativum L. 

25 % 100 mL 
AgNO3 

1 mM 

10 - 25 
nm; 

16,18 

spher
ical 

reddi
sh 

brow

- - (Patra, 
Das dan 

Shin, 
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nm n 2019) 

2
3 

Benincasa 
hispida 

40% 1 mM 
AgNO3  

26±2 
nm 

spher
ical 

brow
nish 

yello

w 
 

28 
mV 

- (Solima
n et al., 

2020) 

2

4 

Litchi 

chinensis  

0,5 % 0.1 mM 

AgNO3 

3-10 

nm 

spher

ical 

light 

yello

w 

- - (Pervee

n et al., 

2018) 

2

5 

Magifera 

indica  

10 %, 15 

%, 20 %, 

25 %, 30 
%, and 35 

% 

25 mL 

of 2.0 

mM/L 
AgNO3  

25-70 

nm; 

23.7 
nm 

spher

ical, 

oval, 
irreg

ular 

reddi

sh 

brow
n 

- - (Xing et 

al., 

2021) 

2

6 

Stenocere

us 
queretaro

ensis  

1 % 2 mM 

AgNO3 
solution 

60 - 

200 
nm; 

98,96 

nm 

spher

ical 

reddi

sh 
brow

n 

- - (Padilla-

Camber
os et al., 

2021) 

2
7 

Opuntia 
ficus-

indica  

40 % 90 mL 1 
mM 

AgNO3 

20–
60 nm 

spher
ical 

brow
n 

- - (Kamara
j et al., 

2020) 

2
8 

Aegle 
marmelos  

1 % (a), 5 
% (b), 10 

% (c)  

1 mM 
AgNO3 

(a,b) 
12- 30 

nm 

(c) 10-

15 nm 

spher
ical 

dark 
red 

brow

n 

-14.2 
mV 

(a) 

-20.3 

mV 
(b)   

-21.9 

mV 
(c) 

(a,b)  
Polid

isper

si 

(c) 
mon

odisp

ersi 

(Kushw
ah et al., 

2019) 

 

A. Factors that determine the success of making silver nanoparticles 

Different synthetic processes produce different forms of AgNPs. The various forms 
of AgNPs are round, triangular, square, cubic, rectangular, stem, oval, and flowered 

(Akter et al., 2018). The nanoparticle formation depends on the concentration of the 

reducing agent used. Spherical forms were formed at lower concentrations, and other 
forms were formed at higher concentrations. The shape of stable nanoparticles tends to 

be spherical because spheres have the least surface per unit volume, so the interfacial 

energy is minimal (Liu et al., 2012). Temperature, dispersion agents, surfactants, and 
other variables can all affect the consistency and amount of nanoparticles produced 

(Yaqoob, Umar and Ibrahim, 2020). 

 

1. Concentration of dispersed substance AgNP : silver nitrate (AgNO3) 
The concentration of AgNO3 greatly influenced the success of the AgNP 

synthesis. Commonly used concentrations of silver nitrate (AgNO3) were 1, 2, and 

10 mM. The synthesis of silver nanoparticles (NP) causes a color change from 
yellow to brown. The use of a AgNO3 solution with a higher concentration in the 

AgNP synthesis process produces a more concentrated colloidal NP color. This 

indicates that an increasing number of NPs are formed or that the concentration of 

NPs formed is also higher (Masykuroh and Puspasari, 2022). In other words, the 
greater the silver nitrate (AgNO3) concentration, the deeper is the color of the 

solution. A solution containing 2 mM AgNO3 had a lighter hue than a solution 
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containing 10 mM AgNO3. Additionally, the absorbance value increased with 
increasing silver nitrate concentration. Thus, AgNPs may be affected by fluctuations 

in the concentration of silver nitrate (AgNO3) (Mulwandari, 2022) (Masykuroh dan 

Puspasari, 2022). 
The formation of AgNPs can be observed visually from the color change and 

the appearance of a peak at a wavelength in the range of 400-450 nm which is the 

wavelength of AgNPs. The use of the same reducing agent with a greater precursor 

concentration can cause the silver reduction process to take a shorter time, as seen 
from the color change to dark brown and the increase in absorbance intensity. 

Qualitatively, the higher the absorbance value, the greater the number of 

nanoparticles formed or the higher the concentration of nanoparticles in the solution 
(Mulwandari, 2022). The greater the concentration of AgNO3 used in the synthesis, 

the greater the amount of Ag+ that must be reduced resulting in greater 

agglomeration and resulting in a larger size distribution of the AgNPs (Nalawati, 

Suyatma and Wardhana, 2021). Increasing the concentration of AgNO3 resulted in a 
smaller AgNP size. This is related to the high surface area per unit volume, which 

can further increase particle connectivity and electrical conductivity (Htwe et al., 

2019). 

2. Concentration of dispersing agent 

Aqueous polymers were used to create AgNPs, which had a restricted diameter 

range and a typical diameter of approximately 10 nm. However, compared to 
aqueous polymer-based AgNPs, silver nanoparticles prepared using low-molecular-

weight dispersion agents are smaller and have a lighter distribution of species 

(Yaqoob, Umar and Ibrahim, 2020). In addition, AgNPs synthesized with a higher 

concentration of the dispersing agent had a darker solution color than a solution with 
a smaller concentration of the dispersing agent (Mulwandari, 2022). 

It is believed that the phytochemical elements included in the dispersion agents 

reduce AgNPs or serve as reducing agents in the production of AgNPs, including 
polyphenols. Through a charge transfer process, the hydroxyl groups found in 

polyphenols can function as reducing agents. In addition, vitamins, such as 

ascorbate, can transform atmospheric oxygen into water, a process that is accelerated 
by the presence of metal ions and light. The synthesis of AgNPs can be enhanced by 

increasing the reducing power of ascorbic acid through oxidation to dehydroascorbic 

acid (Omran et al., 2021). 

Alkaloids, terpenoids, and certain coenzymes are examples of phenolic 
compounds with reducing properties. The coenzymes include nicotinamide adenine 

dinucleotide (NAD), NADH, and NAD+. NADH is transformed into an electron 

donor and aids in the transport of electrons during redox processes, whereas NAD+ is 
an oxidizing and reducing substance that functions as an electron acceptor (Omran et 

al., 2021). Compounds such polyphenols, flavonoids, tannins, and ascorbic acid; in 

addition to serving as an antioxidant, they have the ability to convert Ag+ into AgNP, 

which might lead to the efficient synthesis of AgNPs in industrial production (Saha 
et al., 2021). 

Phenolics and flavonoids contain aromatic rings and hydroxyl groups 

(Kushwah et al., 2019). The functional groups in the essential oils contained in 
reducing agents, apart from functioning as reducing agents, are also responsible for 

their stability. This functional group is responsible for the reduction of Ag+ ions to 

AgNPs (Mulwandari, 2022). Various phenolic compounds, such as geraniol, 
hotrieniol, carveol, linalool, and menthol, can also reduce Ag+ ions and stabilize 

AgNPs (Dutta, Chattopadhyay, et al., 2020) (Dutta, Ghosh, et al., 2020). Various 

phenolic compounds act as reducing and stabilizing agents (Dutta, Chattopadhyay, et 

al., 2020). When plant extracts are used for biosynthesis, AgNPs are captured and 
covered with phenolic compounds. Phenolic compounds can capture AgNPs and 

prevent their contact and possible agglomeration (Liu, Chang dan Chen, 2018). 
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Additionally, proteins, polysaccharides, terpenoids, organic acids, and polyphenols 
can attach to the free carboxylic ions of amino acids or amine groups, function as 

stabilizing agents for AgNPs, and bind to AgNPs (Omran et al., 2021) (Hashim et 

al., 2020). 

3. Temperature 

Temperature has the greatest impact on material synthesis (Crisan et al., 2021). 

Heating and incubating AgNO3 solutions can be useful for reducing Ag+ ions to 

produce silver nanoparticles (AgNPs) (Jaast and Grewal, 2021). According to 
research by Crisan et al., 2021, at lower temperatures, nanoparticles cannot be 

produced. The reaction for the formation or synthesis of AgNPs can be affected by 

the temperature. The reaction temperature has an important effect because an 
increase in the reaction temperature results in a decrease in the particle size, while a 

decrease in the reaction temperature can result in an increase in the particle size. 

When the reaction for the formation of nanoparticles is carried out at low 

temperatures, the resulting silver particles are larger (Elamawi, Al-Harbi and Hendi, 
2018) (Yaqoob, Umar and Ibrahim, 2020). 

As the temperature was increased, the absorbance increased. At room 

temperature, the AgNP reaction rate was sluggish; however, by increasing the 
temperature of the reaction mixture, the reaction rate could be increased. Ag+ ions 

are rapidly reduced as the reaction temperature increases, and the subsequent 

homogenous nucleation of Ag nuclei can result in the formation of small AgNPs 
(Khalil et al., 2014). According to Crisan et al., 2021, the synthesis of AgNPs at 80 

°C results in the formation of metal nanoparticles. However, if the synthesis is 

carried out at temperatures up to 100 °C, the rate of the reaction becomes very high 

and can inhibit particle growth. This is caused by the very high temperature of the 
production of nanoparticle preparations, which can increase the reaction rate, 

resulting in unwanted reactions. However, the rate of reaction was slow at low 

temperatures, and after three hours the color of the solution began to change 
(Yaqoob Umar and Ibrahim, 2020). 

Temperature affects the form of the nanoparticles. If the process for the 

creation of AgNPs is conducted at an insufficient temperature, the resultant AgNPs 
will not have a spherical shape (Yaqoob, Umar and Ibrahim, 2020). The formation 

of AgNPs at low temperatures can produce small spherical particles and nanorods, 

whereas at higher temperatures, platelet nanoparticles are formed (Crisan et al., 

2021). 

4. The pH of the solution AgNP 

The pH of the solution can affect the formation of AgNPs. There is a possibility 

of agglomeration owing to changes in the pH of the solution (Selvamani, 2019). 
Given that the pH affects the surface charge characteristics of the catalyst, the initial 

pH of the solution is a crucial variable affecting color deterioration. AgNPs become 

negatively charged at pH values greater than 8. However, at a pH lower than 5, 

AgNPs have a positive charge. The rate of degradation from the starting pH of the 
catalyst solution indicated that the degradation processes were efficient at pH 6.5. 

With a solution of H2SO4 (to acidify) and NaOH (to alkalinize), the pH of the 

reaction may change (Nagar and Devra, 2019). According to research by Crisan et 
al., 2021, at pH 5, a silver nanoparticle synthesis process occurs at a low rate, 

whereas at pH 9, the silver nanoparticle synthesis process occurs at an intensive rate. 

Meanwhile, a research by Gontijo et al., 2020 found that when processes with a pH 
range of 3–7 are utilized, the aggregation for the creation of nanoparticles is 

significant. The use of a pH range of 3–7 causes aggregation, which leads to the 

production of small nanoparticles (Gontijo et al., 2020). 

Changes in pH during the preparation of nanoparticle solutions can cause 
changes in absorbance. The absorbance increased with increasing pH from 2 to 8 

and then decreased. By changing the pH of the reaction mixture, it was possible to 
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control the size and form of the biosynthesized nanoparticles. The ability of reaction 
pH to alter the electrical charge of biomolecules may have a significant impact on 

their capacity for capping and stability, which may subsequently affect the 

development of nanoparticles. In comparison to an alkaline medium, the particle size 
is anticipated to be greater in acidic media. With a spherical form, the particle size at 

pH 3 was larger than that at pH 8. The capacity to decrease and stabilize 

nanoparticles was improved in an alkaline pH environment. It is crucial to monitor 

the rate of AgNPs at pH 8 and room temperature, because the reaction occurs more 
quickly. The number of nuclei and size of the resultant AgNPs were mediated by the 

extract at pH 8. Owing to the enhanced reactivity of reducing agents, the number of 

nuclei increases with increasing pH, causing the absorption peak of the product to 
shift with increasing pH, which is accompanied by a reduction in the size of silver 

nanoparticles (Khalil et al., 2014). 

5. The Photochemistry 

Visible light can also be used for photochemical processes. Visible light 
includes sunlight, artificial white light, and monochromatic light (e.g. blue light, red 

light, etc.). Visible light is defined as radiation that excites the human visual system. 

Spectrum variations depend on the amount of radiation energy that reaches the 
retina, with a lower limit of 360–400 nm and an upper limit of 760–830 nm. Visible 

light that can be utilized in photochemical processes such as sunlight, artificial white 

light, and monochromatic light (e.g. blue light, red light, etc.) (Jara et al., 2021). 
The 'photo' process variable can also influence the nanoparticle synthesis 

approach. The 'photo' process variable refers to the synthesis of AgNP, which is 

accomplished by photoreducing AgNO3 in a suspension of layered inorganic clay, 

which serves as a stabilizer to prevent nanoparticle aggregation. A relatively 
constant size and diameter distribution may be achieved using this irradiation 

approach to reduce the size of AgNPs using a single distribution mode. However, 

this approach requires expensive equipment and appropriate experimental settings 
(Natsuki and Hashimoto, 2015). 

6. The Surfactant 

Research by Yaqoob et al. in 2020 indicated that polyvinylpyrrolidone (PVP) is 
an effective surfactant employed in the manufacture of AgNPs. PVP is frequently 

employed as a dispersant because it can slow the formation of nanoparticles and 

create balanced colloidal nanoparticles. PVP significantly affected the application of 

the AgNPs. Agglomeration occurs when a small amount of PVP is employed, which 
may lead to partial coating of the PVP particles. To produce smaller-sized silver 

particles, PVP and AgNO3 ratios should be balanced. Therefore, PVP was applied to 

the surface of the particles. The sizes of the metal nanoparticles increased with the 
addition of PVP. Therefore, a significant quantity of PVP did not result in smaller 

colloidal particles. High volumes may be detrimental to particle creation, and hence, 

they are not advantageous. Silver nanoparticles with oxygen or nitrogen in PVP were 

described by FT-IR spectra as a coating on the surfaces of metal particles. 
Consequently, the coating prevented particle aggregation and generated spherical 

particles. Additionally, sodium gluconate (C5H11O5COONa) was present as a 

dispersing element, as confirmed by FT-IR. It has been demonstrated that 
C5H11O5COO may create a shield on the surface of metal nanoparticles. This layer 

can prevent the AgNPs from forming large spherical particles and tiny clumps 

(Yaqoob Umar and Ibrahim, 2020). 
 

B. Variables indicating successful formation of good silver nanoparticles 

1. Particle size 

Small particle sizes may tolerate particle aggregation, which can increase the 
potential stability of nanoparticle preparation. The spherical shape and particle size 

of AgNPs affect their degrading activity because as the size decreases, the active site 



 

1298  ISSN : 2541-2027; e-ISSN : 2548-2114   

Medical Sains : Jurnal Ilmiah Kefarmasian Vol. 8 No. 3, July – September 2023, Page. 1289-1304 

 

and surface area increase, increasing the binding area (Jaast and Grewal, 2021). The 
resulting particle size affects the performance of the material. A small particle size 

results in a large surface area, which accelerates the absorption of these particles. 

The optimal formula for AgNPs produced a particle size distribution with one peak. 
The peak of the curve represents the particle size distribution area, indicating good 

uniformity of the particle size (Mulwandari, 2022). The concentration of AgNO3 

that increases during synthesis is used, the resulting particle size will be smaller so 

that in the end it allows for an increase in activity (Masykuroh dan Puspasari, 2022). 
Particle size obtained from the synthesis of nanoparticles using secondary 

metabolites from fruit peels, 3–200 nm. The secondary metabolites of lychee (Litchi 

chinensis) produced the smallest particle size, between 3 and 10 nm. The secondary 
metabolites of the cactus fruit (Stenocereus quercetaroensis) produced the largest 

particle size, between 60 and 200 nm. In addition, in research Kushwah et al., 2019, 

the greater the amount of extract solution used, the smaller was the resulting particle 

size. This was proven using 1–5 ml of Aegle marmelos extract, and the researchers 
obtained particle sizes of 12-30 nm. Meanwhile, with 10 ml of Aegle marmelos 

extract, researchers obtained particle sizes of 10-15 nm. The color of the synthesis of 

AgNPs with secondary metabolites indicates the successful formation of AgNPs, 
namely red brown to dark brown. A color change from colorless to brown, or yellow 

to reddish brown, indicates the reduction of silver Ag+ ions to silver nanoparticles 

(AgNPs) (Niluxsshun, Masilamani dan Mathiventhan, 2021) (Arsène et al., 2021). 
The synthesis of AgNPs from various biological materials, on average, produces 

spherical nanoparticles. 

The size of the silver particles can influence antibacterial activity; the smaller 

the nanoparticles, the higher the antibacterial impact (Nalawati Suyatma and 
Wardhana, 2021). According to a study by Crisan et al., 2021, nanoparticle 

preparations with particle sizes below 10 nm have a significant increase in 

antibacterial activity. Nanoparticles of smaller dimensions are related with better 
bacterial cell wall penetration and more severe destruction due to the buildup of 

reactive oxygen species (ROS). Small- and medium-sized AgNPs have a significant 

influence on mitochondrial electron transport, phagocytosis, autophagy, organelle 
integrity, and organization (e.g., microtubules). Transcriptional responses to 

medium-sized AgNPs were also detected. AgNPs can readily pass through the 

kidneys and are eliminated from the body via the urinary system because of their 

modest hydrodynamic diameter (less than 6 nm), which considerably minimizes the 
danger of long-term toxicity. 

 

2. Zeta potential (ZP) 
The zeta potential (ZP) is a parameter that expresses the electrochemical 

equilibrium between particles and liquids, such as colloidal nanoparticle (NP) 

solutions used in medicine, pharmaceuticals, chemical manufacturing, mineral 

processing, and water and soil cleaning. ZP is a physicochemical property that 
indicates the stability of a colloidal particle system owing to the presence of charged 

groups/molecules on the surface of the material, which may alter its performance 

and processing properties in suspension. Process control, quality, and product 
standards are all affected by the ZP values (Lunardi et al., 2021). The ZP value of an 

aqueous solution of AgNPs determines the stability of the preparation (Farzeen and 

Kumar, 2022). 
A low zeta potential induces repulsion rather than attraction and the dispersion 

breaks and flocculates (Chitradevi, Jestin Lenus and Victor Jaya, 2019). In general, 

the zeta potential value of nanoparticle preparations can be said to reach a good level 

of stability, that is, when the preparation has a zeta potential greater than +25 mV 
and less than -25 mV (Omran et al., 2021). Another study has reported that the zeta 

potential of stable AgNPs should be at least 30 mV. The stabilizing effect of this 
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zeta potential value can produce nanoparticles with a narrow size distribution index 
(Farzeen and Kumar, 2022). Meanwhile, some of the studies analyzed yielded zeta 

potential values of 14.2 - 68.93 mV. According to Kushwah et al., 2019, the greater 

the amount of extract solution used, the higher the zeta potential obtained, thus 
showing more stable NP results. In addition, the electrical conductivity of the 

synthesized AgNPs decreases with increasing AgNO3 concentration (Htwe et al., 

2019). 

Extreme positive or negative zeta potential values of nanoparticle solutions can 
produce strong repulsive forces. The higher the zeta potential value (negative or 

positive), the smaller the possibility of particle aggregation owing to electrical 

repulsion. However, if the particles have a lower zeta potential value (negative or 
positive), then the particles will not have the power to prevent the particles from 

coming together, and flocculation will occur (Sulaiman et al., 2020) (Pradita and 

Wahyuni, 2023). 

 

Table II. Potential Zeta Value based on 

Potential Zeta Value Stability 

>30 mV Good stability 

>60 Mv Excellent stability 

20 mV Short term stability 

-5 mV dan 5mV Fast aggregation occurs 

(Sulaiman et al., 2020) 
 

3. Polydispersity index (PDI) value 

The value of the polydispersity index or PDI is used to describe the uniformity 
of particle sizes and to estimate the range of particle size distribution present in a 

sample. PDI can be used to determine whether aggregation occurs in the sample. The 

polydispersity index value in nanoparticle preparations has meaning, namely the 

value "0" represents the highest level of monodispersion, while the value "1" 
represents the distribution of polydispersity particles (Omran et al., 2021). 

Monodisperse systems are more stable than polydisperse systems, and polydisperse 

systems tend to form aggregates because they do not have the same molecular 
weight. The formulation is considered to be more stable in a monodisperse system 

because it is more homogeneous with a certain size (Danaei et al., 2018). 

 
The articles analyzed showed PDI values of 0.197–0.321. The results obtained, 

on average, show monodisperse PDI results, which are approximately ±0.200, 

indicating a better level of distribution. The polydispersity index determines the 

uniformity of the size of the nanoparticles so that they can provide greater 
opportunities to interact with compounds or bait organisms in activity tests 

(Masykuroh and Puspasari, 2022). 

 

CONCLUSION  

AgNPs synthesized using secondary metabolites of fruit peel extract can produce 

nanoparticles with good quality and quantity. The quality and quantity of the nanoparticle 

synthesis results can be supported by increasing the concentration of the dispersed substance, 
silver salts (AgNO3), and a large number of secondary metabolites in fruit peel extracts, such 

as the phenolic group in the dispersing agent. In addition, the use of a synthesis temperature 

of 80 ͦC, an optimal pH (usually use a pH that tends to be alkaline), controlling 
environmental light, and using additives such as surfactants like PVP to help prevent particle 

agglomeration. Good AgNP results, in addition to producing particles with nano sizes, 

variables that indicate the successful formation of AgNPs are such as zeta potential values of 
more than +30 mV and less than -30 mV, the high zeta potential value indicates that the 
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possibility of particle aggregation due to electrical repulsion is smaller. The values of PDI 
also show homogeneity particle size of AgNP, monodisperse homogeneity indicates the 

uniformity of the particles produced with the possibility of small interactions between 

particles. 
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