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Pathogens isolated from fish appear to possess considerable antimicrobial resistance and represent a
problem for the economy and public health. Natural antimicrobial substitutes to traditional antibiotics
represent an essential tool in the fight against antibiotic resistance. Nanotechnology has shown consid-
erable potential in different research fields, and the antimicrobial properties of silver nanoparticles are
known. Silver has been used for medical purposes since ancient times because of its bactericidal proper-
ties, and the highly reactive surfaces of silver nanoparticles (AgNPs) indicate that they might have a func-
tion in antimicrobial applications. This work aimed to study the antimicrobial properties of biologically
produced AgNPs from Origanum vulgare leaves compared to chemically produced AgNPs. Both types were
characterized by UV–vis spectrophotometry, TEM, and dynamic light scattering and tested against three
bacterial strains (Streptococcus agalactiae, and Aeromonas hydrophila, both isolated from Nile tilapia and
Vibrio alginolyticus, isolated from sea bass) and three fungal strains (Aspergillus flavus, Fusarium monili-
forme, and Candida albicans, all isolated from Nile tilapia). Disk diffusion test and evaluation of ultrastruc-
ture changes of tested microorganisms treated with AgNPs by transmission electron microscopy were
performed. Moreover, the hemolytic properties of AgNPs were studied on chicken and goat red blood
cells. The results obtained declare that the green biological production of silver nanoparticles is safer
and more effective than the chemical one; moreover, AgNPs have interesting dose-dependent antimicro-
bial properties, with better results for biologically produced ones; their effectiveness against tested bac-
terial and fungal strains opens the way to their use to limit fish diseases, increase economy and improve
human health.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Streptococcosis is considered a significant microbial disease in
numerous fish species, and infections in marine and freshwater
fish, both wild and aquaculture, are documented (Al-Sahzly et al.,
2016; Mian et al., 2009; Van Doan et al., 2019). Salmon, mullet,
golden shiner, pinfish, eel, sea trout, tilapia, sturgeon, and a variety
of other fish species have been vulnerable to streptococcal infec-
tion (Inglis et al., 1993). Analogously, Aeromonas hydrophila is a
harmful microbial pathogen for numerous fish and seafood
(Janda, Abbott, 2010; Sarkar, Rashid, 2012). It is a causative agent
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Table 1
Types and sources of the tested strains.

Strains Microbial species Source of isolation

Bacterial
strains

Streptococcus
agalactiae

Nile tilapia (Oreochromis
niloticus)

Aeromonas hydrophila Nile tilapia (Oreochromis
niloticus)

Vibrio alginolyticus Sea bass (Dicentrarchus labrax)
Fungal strains Aspergillus flavus Nile tilapia (Oreochromis

niloticus)
Fusarium moniliforme Nile tilapia (Oreochromis

niloticus)
Candida albicans Nile tilapia (Oreochromis

niloticus)
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of bacterial hemorrhage in fish (Kumar et al., 2016) and is associ-
ated with economic losses in fish aquaculture worldwide
(Illanchezian et al., 2010; Mohammadi et al., 2020b; Rashidian
et al., 2021a). Vibrio species are well-known pathogenic bacteria
for fish (Abdel-Tawwab et al., 2020; Ina-Salwany et al., 2019).
Aspergillus flavus and associated aflatoxins represent a significant
hazard to Nile tilapia aquaculture and fish health, leading to
numerous clinical findings affecting animal and human health
(Mohamed et al., 2017). Fusarium moniliforme, as mentioned by
Magculia, Cumagun (2011), was found in freshwater fish in reser-
voirs, leading to mycosis and high mortality (Bisht et al., 2000).
Candida albicans and other yeasts are more predominant in dis-
eased fish than in apparently healthy fish (Tartor et al., 2018). Iso-
lation of C. albicans from internal organs was also recorded by
Zayed et al. (2016).

The growing phenomenon of antibiotic resistance in microor-
ganisms isolated from fish is a highly topical concern and is docu-
mented almost everywhere globally, creating problems both from
a health and economic point of view (Dawood, 2021; Mohammadi
et al., 2020a). Serrano et al. (2015) demonstrated how bacteria
attachment is altered in the presence of nanoscale topographies
and described the best designs for preventing it while preserving
biocompatibility. Fu et al. (2016) proposed an environmentally
friendly method to synthesis silver nanoparticles (AgNPs) which
had good cytocompatibility to cells and were highly poisonous to
pathogenic microorganisms (Escherichia coli).

The utilization of herbal extracts for nanoparticle synthesis can
be beneficial due to the simplicity of scaling up with fewer biohaz-
ards (Kumar et al., 2015; Vijay Kumar et al., 2014). Origanum vul-
gare L belongs to the family of Lamiaceae and grows wild in the
Mediterranean and Eurasia (Alwafa et al., 2021). They contain vital
essential oils and active derivatives, making them valuable phyto-
biotics for people and animals (Alagawany et al., 2020b). O. vulgare
L contains many volatile compounds, including ketones, aldehydes,
ethers, phenols, hydrocarbons, alcohols, and esters of phenolic and
terpenic origins (de Torre et al., 2020; Veenstra, Johnson, 2019).
The application of O. vulgare in aquaculture resulted in marked
improvements in the production, feed utilization, antioxidative,
and immune responses attributed to its potential role as an
antibacterial agent (Alagawany et al., 2020a). Many investigators
have reported green production of metal nanoparticles by
resources from aqueous extracts in plants aimed at multi-
disciplinary usages (Kumar et al., 2013). Huang et al. (2017) inves-
tigated thorough knowledge of AgNPs’ antibacterial characteristics
and suggestions for improving AgNPs production for bacterial
infection prevention. Sankar et al. (2013) reported that AgNPs from
the O. vulgare plant leaves extract showed superior antimicrobial
effects than manufactured antibiotics. The produced AgNPs
reduced the counts of Gram-negative and Gram-positive bacterial
infections such as Escherichia coli enteropathogenic strain, Aeromo-
nas hydrophila, Salmonella spp Salmonella dysenteriae, Salmonella
paratyphi, and Shigella sonnei. The desirability of AgNPs is mainly
for its request in therapeutics, biomolecular recognition, catalysis,
and antimicrobial mediators (Christopher et al., 2011;
DeiviArunachalam et al., 2021; Rashidian et al., 2021b;
Sadhasivam et al., 2010; Vali et al., 2020).

According to Golubeva et al. (2010), Hemolysis is the degrada-
tion of erythrocytes with the escape of hemoglobin. The interaction
of certain peptide antibiotics with the erythrocyte membrane will
harm it, allowing hemoglobin to escape the cell. The degree of
damage caused by a specific antibiotic concentration is so great
that the lipid layer’s structural integrity is compromised. AgNPs
are becoming increasingly popular in biomedical fields. Neverthe-
less, toxicological data are scarce on their impact on red blood cells
(RBCs) and the mechanisms at operation.
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The study evaluated the chemical and biological synthesis of
silver-nanoparticles from O. vulgare leaves extract and evaluated
antimicrobial properties on some bacterial and fungal fish
pathogens.
2. Materials and methods

2.1. Microbial strains

All pathogenic strains were obtained from the Department of
Poultry and Fish Diseases, Faculty of Veterinary Medicine, Alexan-
dria University, Egypt. In Table 1, details about the tested strains
are shown.
2.2. Production and characterization of AgNPs

2.2.1. Chemical production of AgNPs
In a three-necked round-bottomed flask, 20 mL of trisodium

citrate (1%) and 75 mL of distilled water were blended for
15 min at 70 �C. After that, 1.5 mL from 1% silver nitrate solution
(AgNO3, 99.99%, Roth, Karlsruher Rheinhafen, Germany) were
added; then 1% sodium borohydride (NaBH4) was added, followed
by quick mixing. The obtained mixed solution was heated for
60 min, cooled to room temperature, and water was added to a vol-
ume of 100 mL (Gunalan et al., 2012).
2.2.2. Biological production of AgNPs
AgNPs were synthesized using Origanum vulgare leaves extract

as described by Shaik et al. (2018). One gram of O. vulgare tender
leaves was cut into minor pieces; then, a grinder was used to
obtain a powder which was dissolved in 10 mL of distilled water
and then heated at 60 �C for 10 min. After cooling and filtering
(Whatman No.1 filter paper), the solution was mixed with 90 mL
of 1 mM silver nitrate (AgNO3) solution and heated gradually at
60 �C for 10 min. The solution color transition to reddish-brown
evidenced the production of AgNPs.
2.2.3. Silver nanoparticles characterization
The reddish, brown-colored reaction mixture was centrifuged at

12.000 rpm for10 min. After that, the pellet was obtained and
washed three times with deionized water, then lastly with acetone.
The resulting dried pellet was stored for additional tests. Obtained
AgNPs’ optical properties were characterized by ultraviolet–visible
(UV–vis) spectrophotometer (Thermo scientific SpectraScan) in the
wavelength range of 340–900 nm. Production of nanoparticles was
confirmed by measuring the absorption spectra of the solution at
420 nm by UV–vis spectrophotometer and by TEM and Differential
Light Scattering (DLS) analysis (Mukherjee et al., 2008; Narayanan,
Sakthivel, 2010; Wei et al., 2012).



Fig. 1. Color shift from yellow to brown due to the synthesis of silver nanoparticles
after adding the silver nitrate solution in the leaves extract of Origanum vulgare.
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2.3. Studies of antimicrobial properties of AgNPs on the tested
microorganisms

The antimicrobial activity of tested microorganisms was exam-
ined by the disc diffusion method (Bauer, 1966) using 6 mm discs
with 20 lL of the test sample from both chemically and biologi-
cally produced AgNPs from O. vulgare leaves extract. Control (ery-
thromycin for bacteria and fluconazole for fungi) and sterile discs
were added. Standardized inoculation (0.5 Mc Farland standard)
of the tested pathogens were seeded onto the surface of sterile
Mueller Hinton agar and Sabouraud Dextrose Agar plates. After
incubation at 37 �C for 24 hrs for bacteria and at 30 �C for 48hrs
for fungi, the width of the zone of inhibition was measured with
a caliper.

Three replicates of experiments were carried out. The diameter
of the zone of inhibition was expressed as mean ± standard error
(SE).

2.4. Studies on hemolytic properties of AgNPs

Chemically and biologically produced AgNPs from O. vulgare
leaves extract was examined for their hemolytic activity, for each
concentration. 5 lL and 10 lL, on chicken and goat red blood cells
(RBCs) (Paniprasad, 1997). The chicken and goat blood were
obtained from the slaughterhouse in El-Behera Governorate, Egypt.
A 5% EDTA solution was used as an anticoagulant; then, blood was
centrifuged at 5000 rpm for 5 min. After discarding the super-
natant with plasma and repeated (thrice) washing of the pellet,
1% erythrocytes suspension was prepared with 99 mL phosphate
buffer and 1 mL of packaged erythrocytes. Serial two-fold dilutions
of both chemically and biologically produced AgNPs were made in
100 lL of saline solution in a 96-well ‘V’ bottom microtitre plate.
Then 100 lL of 1% erythrocytes suspension were. One hundred
lL of saline solution was used as a positive control. The plate
was slightly shacked and allowed to stand for 2 hrs at room tem-
perature. The appearance of a uniform red colored suspension in
wells was considered indicative of hemolysis, and a button devel-
opment in the bottom of wells showed a lack of hemolysis. The
reciprocal of the highest dilution showing hemolysis was consid-
ered as 1 hemolytic unit divided by protein content to obtain speci-
fic HU (Abirami et al., 2014).

2.5. TEM evaluation of ultrastructure changes of S. agalactiae, A.
hydrophila, and V. Alginolyticus treated with AgNPs

Cellular damage of tested bacteria by AgNPs was investigated
by TEM. S. agalactiae, A. hydrophila, and V. alginolyticus 24hrs broth
cultures were centrifuged at 10.000 rpm for 10 min, and pellets
were obtained. Cells were washed thrice with PBS (pH 7.4) for
15 min; then, pellets were fixed with 2.5% glutaraldehyde in
0.1 M phosphate buffer for 2 hrs. Samples were then rinsed
(thrice/10 min each) with 0.05 M phosphate buffer (pH 7.2). Subse-
quently, a second fixation was made, submerging samples with 1%
osmium tetroxide solution in 0.1 M phosphate buffer (pH 7.2) for 2
hrs at room temperature. Samples were thoroughly rinsed with
phosphate buffer and serially dehydrated by ethanol (35, 70, 95,
and 100%) for 15 min, and finally infiltrated by Epon Araldite Resin.
Ultrathin sections were cut using a microtome with a diamond
knife, placed on mesh copper grids, and counterstained as follows:
2% aqueous uranyl acetate for 10 min, distilled water rinse for 2–
5 min, lead citrate for 4 min, a quick rinse with distilled water, then
air-dried. Samples were observed by TEM (JSM-1400 plus-JEOL) at
120 kV in the Electron Microscope Unit, Alexandria University,
Egypt (Kamonwannasit et al., 2013).

Ten mL of Muller Hinton broth, AgNPs, and bacteria were added
to a 20 mL test tube to get a final concentration of 10 mg/L of
1300
AgNPs and 106 CFU/mL of bacterial cells. A control group without
AgNPs was considered. The test tubes were incubated at
37 �C ± 2 �C and shaken at 150 rpm for 12hrs, after which the cul-
tures were centrifuged and pellets harvested to study morphology
and structure by TEM according to Li et al. (2010).

Antibacterial properties of AgNPs at different concentrations
were investigated on Proteus and Klebsiella by Ouda (2014) and
on different bacterial fish pathogens by Shaalan et al. (2017).
2.6. Statistical analysis

The results were subjected to one analysis of variance (ANOVA)
to test the effect of treatments on fish performance. Differences
between means were compared using Duncan multiple range tests
to test the significance level among means of treatments using SAS
(2011) at P < 0.05. Significant differences between treatment and
within the same strain as shown by the t-test (P < 0.05).
3. Results

3.1. UV–visible spectrophotometric profile of synthesized AgNPs

Manufactured AgNPs revealed a color shift from yellow to
brown (Fig. 1) owing to the reduction of silver salt by reducing
compounds in leaves extract of O. vulgare. Additionally, AgNPs for-
mation was demonstrated by UV- absorption spectra which occu-
pied a range from 200 to 800 nm, with an absorption spectrum of
nanoparticles at 416 nm (Fig. 2), moreover characterization of
nanoparticles by TEM confirmed the size of AgNPs were 21 and
100 nm, as well as by DLS size were 26.4 and 96 nm, for chemical
and biological synthesis, respectively.
3.2. Antimicrobial activity of AgNPs

Data in Table 2 show the antibacterial activity of chemically and
biologically produced AgNPs from O. vulgare extract on Streptococ-
cus agalactiae, Aeromonas hydrophila, and Vibrio alginolyticus with
different concentrations of 5 mL/disc and 10 mL/disc for the zone
of inhibition (mm). The most significant inhibition zones within
the three mentioned bacterial strains were obtained by 10 mL/disc
of biological AgNPs as 23.7 ± 1.5, 31.3 ± 1.5, and 26.1 ± 1.0, while
the smallest one was reported by 5 mL/disc of chemical AgNPs as
followed: 14.0 ± 1.0, 16.3 ± 1.5, and 9.0 ± 1.0, respectively. Within
the same treatment, by increasing the concentration of AgNPs, the
antibacterial effect increased (P < 0.05), and overall treatment, the
biological one was more potent antibacterial than the correspond-
ing chemical one (P < 0.05). Also, Gram-negative bacteria were



Fig. 2. UV–vis absorption spectrum of AgNPs produced from O. vulgare leaves
extract.
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more affected than Gram-positive ones by both chemically and
biologically produced AgNPs.

As for antifungal activity, data in Table 3 show that antifungal
activity of chemically and biologically produced AgNPs from O. vul-
gare extract on Aspergillus flavus, Fusarium moniliform, and Candida
albicans with different concentrations of 5 mL/disc and 10 mL/disc
for the zone of inhibition (mm). The most significant inhibition
zones within the three mentioned fungal strains were obtained
by 10 mL/disc of biological AgNPs as 11.0 ± 1.0, 13.0 ± 1.0, and
18.0 ± 1.0, while the smallest one was reported by 5 mL/disc of
chemical AgNPs as followed: 5.0 ± 1.0, 5.0 ± 1.0 and 8.0 ± 1.0,
respectively. The antifungal property increased by increasing con-
centration for both treatments (P < 0.05), and overall treatment,
the biological one was more potent antifungal than the corre-
sponding chemical one (P < 0.05). Also, yeast was more affected
than molds by both chemically and biologically produced AgNPs.
3.3. Haemolytic activity of AgNPs

Data in Table 4 showed that chemical AgNPs in most cases are
more hemolytic of biological AgNPs, and that chicken is more sen-
sitive than red goat cells (P < 0.05).
3.4. Transmission electron microscopy microphotograph

Figs. 3–5 showed interface among AgNPs and S. agalactiae,
Aeromonas hydrophila, and Vibrio alginolyticus exposed to the
chemical (A and B) and biological (C and D) production of AgNPs
at 5 and 10 lL/mL, respectively), bad effect ranged from involve-
ment into the external membrane, broadening of periplasmic
space, the occurrence of AgNPs within periplasm and noticeable
intra-cytoplasmic edema.
Table 2
Antibacterial activity (zone of inhibition in mm) of different concentrations of chemically

Bacterial Strain Treatment A Treat

5 mL/disc 10 mL/disc 5 mL/

S. agalactiae 14.0 ± 1.0b 21.0 ± 1.0cy 17.0
A. hydrophila 16.3 ± 1.5a 25.7 ± 2.1ay 19.0
V. alginolyticus 9.0 ± 1.0c 23.3 ± 1.5by 12.0

Values are means ± standard deviation. Means within a column without a common lette
differ significantly (P < 0.05). *Within strain, the overall means of the two treatments d
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4. Discussion

Due to its unique functionality and wide range of applications,
nanotechnology is a rapidly growing field. Nanomedicine investi-
gates the potential for using nanotechnology’s expertise and tech-
niques to prevent, treat, diagnose, and control diseases
(Almatroudi, 2020). A green, direct, and cost-effective fabrication
method is proposed for Eco-environmentally AgNPs (Javan bakht
Dalir et al., 2020). The study showed the synthesis of AgNPs by a
color change from yellow to brown, which agreed with
Hambardzumyan et al. (2020), who reported the exact color
change from yellow to brown. Moreover, its detection through
UV- absorption spectra occupied a range from 200 to 800 nm, with
an absorption spectrum of nanoparticles at 416 nm. Similarly,
Mukherjee et al. (2008), who reported at �410 nm in the UV–vis
spectrum, clearly reveals the formation of AgNPs, while de
Aragão et al. (2019) confirmed that absorption peaks of AgNPs ran-
ged from 400 to 450 nm. Throughout the procedure of nanoparticle
production, incapability for silver salt to become reduced to silver
ions via adding O. vulgare leaves extract was observed. Similar
results were obtained by Hamouda et al. (2019), who found that
bio fabrication of AgNPs could be ascertained using cyanobac-
terium Oscillatoria limnetica. The color transition from green to
brown using cyanobacterium implies the biotransformation of Ag
ions, indicating the synthesis of AgNPs. Further, O. vulgare L was
used to synthesize AgNPs at �430 nm (Shaik et al., 2018) and
480 nm (Landeros-Páramo, Rosas, 2019).

The sizes of chemically and biologically synthesized AgNPs in
this study were 21 and 100 nm, respectively. The obtained sizes
are slightly larger than those obtained by Mukherjee et al.
(2008), who used TEM to characterize AgNPs, which showed the
range of 13–18 nm in green synthesis, and DLS size was 26.4 and
96 nm, respectively. Indeed, the small size of AgNPs (1–100 nm)
is unique to shape complex nanostructures, an extraordinary range
of applications wound recovery, bactericidal and anticancer prop-
erties, and other therapeutic capacities, as well as their develop-
ment cost-effectiveness addition (Almatroudi, 2020).

Biologically produced AgNPs showed more antimicrobial activ-
ity than the chemically produced AgNPs in this study. The zone of
inhibition of biologically synthesized AgNPs is 25.2 ± 6.9 mL/disc
while in the case of chemically synthesized AgNPs, the zone of
inhibition is 16.2 ± 7.9 mL/disc. Shaik et al. (2018) reported that
the antifungal inhibition zone is 6.8 ± 2.1 and 14.0 ± 4.5 by chem-
ically and biologically produced AgNPs, respectively. Both antimi-
crobial treatment effects increased by increasing the dose of
AgNPs, and Gram-negative bacteria were more susceptible than
Gram-positive bacteria. Yeast is more affected than mold; this
may be attributed to the structure of pathogens. This agreed with
Shrivastava et al. (2007), who found that antibacterial activity of
the AgNPs was dose-dependent and greater against Gram-
negative bacteria than against Gram-positive bacteria. Shaik et al.
(2018) stated that AgNPs have contradictory biological effects with
Gram-negative and Gram-positive bacterial and fungal strains.
(Treatment A) and biologically (Treatment B) produced AgNPs.

ment B Overall treatment

disc 10 mL/disc A B

± 1.0a 23.7 ± 1.5cy 17.5 ± 3.9 20.3 ± 3.8*
± 1.0a 31.3 ± 1.5ay 21.0 ± 5.4 25.2 ± 6.9*
± 1.0b 26.0 ± 1.0by 16.2 ± 7.9 19.0 ± 7.7*

r differ significantly (P < 0.05). yWithin treatment, means of the two concentrations
iffer significantly (P < 0.05).



Table 3
Antifungal activity (zone of inhibition in mm) of different concentrations from chemically (Treatment A) and biologically (Treatment B) produced AgNPs from O. vulgare leaves
extract.

Strain Treatment A Treatment B Overall treatment

5 mL/disc 10 mL/disc 5 mL/disc 10 mL/disc A B

Aspergillus flavus 5.0 ± 1.0b 8.7 ± 0.6by 7.7 ± 0.6b 11.0 ± 1.0cy 6.8 ± 2.1 9.3 ± 2.0*
Fusarium moniliforme 5.0 ± 1.0b 10.0 ± 1.0by 7.0 ± 1.0b 13.0 ± 1.0by 7.5 ± 2.9 10.0 ± 3.4*
Candida albicans 8.0 ± 1.0a 14.3 ± 1.5ay 10.0 ± 1.0a 18.0 ± 1.0ay 11.2 ± 3.7 14.0 ± 4.5*

Values are means ± standard deviation. Means within a column without a common letter differ significantly (P < 0.05). yWithin treatment, means of the two concentrations
differ significantly (P < 0.05). *Within strain, the overall means of the two treatments differ significantly (P < 0.05).

Table 4
Specific hemolytic unit (HT/mg) hemolytic activity of different concentrations of chemically (Treatment A) and biologically (Treatment B) produced AgNPs against chicken and
goat blood.

Blood type Treatment A Treatment B Overall treatment

5 mL 10 mL 5 mL 10 mL A B

Chicken 0.034 ± 0.003a 0.047 ± 0.005ay 0.032 ± 0.004a 0.026 ± 0.004a 0.040 ± 0.008 0.029 ± 0.005*
Goat 0.017 ± 0.001b 0.027 ± 0.007by 0.019 ± 0.004b 0.014 ± 0.002b 0.022 ± 0.007 0.016 ± 0.004*

Values are means ± standard deviation. Means within a column without a common letter differ significantly (P < 0.05). yWithin treatment, means of the two concentrations
differ significantly (P < 0.05). *Within blood type, the overall means of the two treatments differ significantly (P < 0.05).

Fig. 3. The action of chemically (A and B) and biologically (C and D) produced AgNPs on Streptococcus agalactiae observed by TEM at 5 and 10 lL/mL, respectively).
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Data illustrated in Table 4 highlighted the hemolytic activity of
chemically and biologically produced AgNPs, with different con-
centrations of 5 and 10 mL; the direct association of the nanoparti-
cle with RBCs causes oxidative stress, membrane damage and
hemolysis, which leads to cytotoxicity. Overall, the findings indi-
cate that concentration has a significant impact on AgNPs-RBC
interaction. Lower values of hemolysis were observed with biolog-
ically produced AgNPs than chemically produced AgNPs. The
results indicated that the biological AgNPs are safer for cell cyto-
toxicity and more potent as antimicrobial efficacy than chemically
synthesized AgNPs. This agreed with Meléndrez et al. (2010), who
said the fact that increasing concentrations of AgNPs resulted in a
1302
high degree of hemolytic activity suggests that AgNPs toxicity is
concentration-dependent, and Choi et al. (2011) and Sopjani
et al. (2009) who reported that RBCs died when silver ions were
released, even at low concentrations, according to previous toxicity
studies. Also similar to Chen et al. (2015), who mentioned that
hemolysis, membrane damage, lipid peroxidation, and antioxidant
enzyme activity were all size and dose-dependent toxic effects.
Moreover, disagree with Huang et al. (2016) who mentioned that
although several studies on the biological effects of AgNPs in blood
have been conducted, the materials employed in each study dif-
fered in size and coating, making comparisons impossible. Further-
more, there are insufficient controls to determine the actual cause



Fig. 4. The action of chemically (A and B) and biologically (C and D) produced AgNPs on Aeromonas hydrophila observed by TEM at 5 and 10 lL/mL, respectively).

Fig. 5. The action of chemically (A and B) and biologically (C and D) produced AgNPs on Vibrio alginolyticus observed by TEM at 5 and 10 lL/mL, respectively).
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of AgNPs toxicity, although they said hemolysis also was dose
dependent. As well as similar to Raja et al. (2016) who published
that AgNPs were shown to be safe at maximum concentrations of
1303
1–5 lg/mL and harmful at concentrations of 15–50 lg/mL in an
in vitro hemolytic test. Furthermore, these biologically produced
nanoparticles were less hazardous and more effective against some
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bacterial strains. Data also illustrated the effect of antibacterial
effect of AgNPs on S. agalactiae, Aeromonas hydrophila, and Vibrio
alginolyticus exposed to chemical and biological production of
AgNPs at 5 and 10 lL/mL, respectively. Vazquez-Muñoz et al.
(2019) obtained similar results, assuming that the effect of AgNPs,
particularly with multi-drug resistant microbes, can be exploited
to curb the current problem of antibiotic resistance due to mem-
brane damage on Gram-negative bacteria resulting in a bacterici-
dal effect.

TEM exploration revealed that AgNPs meaningfully mark the
cell membrane integrity in Gram-negative bacteria; nevertheless,
no cell wall disruption was detected in treatments on Gram-
positive bacteria. This agreed with Shrivastava et al. (2007), who
said bacterial cell lysis might be one of the causes of the antibacte-
rial effect; nanoparticles have changed the phosphatase levels. Fur-
ther, Huang et al. (2017) concluded that untreated bacterial cells
with AgNPs displayed intact cell membrane and wall. Cells with
uniform electron density recommended that the cells were in a
normal state. AgNPs showed advanced harmfulness against
Gram-negative bacteria than against Gram-positive ones due to
structural differences. Gram-positive bacteria are secure via a den-
ser cell wall, whereas Gram-negative stand extra effortlessly
destroyed because of interface among distinct external membrane
and nanoparticles. In contrast with Hambardzumyan et al. (2020),
who recorded that when compared to Gram-negative stains, Gram-
positive bacteria were more sensitive to AgNPs and attributed that
may be related to species differences.

The biosynthesis process was very beneficial above additional
chemical methods of production AgNPs; this was as same as that
mentioned by Chand et al. (2020), who concluded that green syn-
thesis of AgNPs is more effective than chemical one moreover safe
for the environment. Also, the use of plants and plant extracts to
synthesize silver AgNPs (green synthesis) has become a break-
through in biotechnology, especially for the control of pathogenic
bacteria (Mashwani et al., 2015).

5. Conclusions

Silver nanoparticles (AgNPs), mainly green ones, possess potent
antimicrobial characters in competing for many fish microorgan-
isms; Gram-positive and Gram-negative bacteria also molds, and
yeasts affect fish. More specifically, green biological production
of AgNPs is more safe and powerful than chemical ones principally
by increasing their concentrations. The obtained results help over-
come antimicrobial resistance to limit fish diseases, increase econ-
omy and, in consequence, improve human health.
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