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ABSTRACT 

E 
.coli is believed to be one of the most main bacteria in the population 
which constitutes the normal microbial flora. E.coli strains have been 
found in the gastrointestinal tract of humans, poultry and other ani-

mals as harmless bacteria, but despite the harmless nature of its existence, 
E.coli can be opportunistic if the host immunity status wasn’t intact. In this 
research work, evaluation, and investigation of the anti-bacterial activity of 
silver nanoparticles which synthesized by a green chemistry methodology 
through utilizing Aspergillus niger was carried out. The isolation of E.coli 
bacteria has been completed through sampling of different regions of the 
chickens, such as the cloacal region, intestinal fluid, and faecal material. For 
identification of E.coli, biochemical examinations, like catalase, oxidase, 
urease, triple sugar iron test, citrate utilization test, and indole test were ap-
plied. Silver nanoparticles characterization was accomplished through using 
different physicochemical techniques, namely, Fourier transformed infrared 
(FT-IR) which has been used to obtain the distinctive molecular fingerprint 
of silver nanoparticles through the formation of the infrared absorption spec-
trum, Transmission electron microscopy (TEM) and scanning electron mi-
croscopy (SEM) to display the morphology of the nanoparticles. Agar well 
diffusion method has been executed to evaluate how effective silver nano-
particles are as anti-bacterial agent against E.coli strains by means of inhibi-
tion zone and MIC values. The values of the inhibition zone and MIC ob-
tained were 14 mm and 39.06 µg/ml respectively. 

INTRODUCTION 
E. coli is deemed as one of the common 

microbial flora of the gastrointestinal tract of 
poultry. It could be either non-pathogenic or 

pathogenic causing systemic disease in poultry 
(avian colibacillosis). This is an infectious dis-
ease leading to acute fatal septicemia or sub-
acute fibrinous pericarditis, airsacculitis, peri-
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tonitis, and salpingitis in 4–6 weeks aged 
broiler chickens. However, it causes laying 
birds to retain egg yolk and omphalitis in 
hatched chicks (Munang’andu et al. 2012) 
 

A potential source of human infection by a 
pathogenic strain of E. coli is food animals, 
particularly poultry, as well as poultry houses 
(Stromberg et al. 2017). Some of those lethal 
illnesses include meningitis, endocarditis, uri-
nary tract infection, and septicemia (Daini et 
al. 2005).  One of the main reasons why it is 
difficult to effectively treat diseases with anti-
microbial drugs is because of bacterial antimi-
crobial resistance. Resistance of bacterial 
strains is provoked by modifications those 
done by bacteria in order to resist anti-
bacterial agents through inactivation of them 
or by decreasing their therapeutic efficacy. 
Through time, the resistance appears spontane-
ously in microorganisms due to mutations of 
genes. The abuse and misuse of antibiotics in 
treatment are enhancing the existence of such 
mutations (Aslam et al. 2018). The spread of 
antimicrobial-resistant E. coli from chickens to 
humans can occur directly or via food. The 
resistant bacteria may become colonized in the 
human gastrointestinal tract which may also 
contribute resistance genes to the human en-
dogenous microflora (Amir et al. 2019).   

 
Nanoparticles that are metal-based de-

clared to be the most popular inorganic nano-
particles and represent a favorable solution 
against the antibiotic resistance. They use 
completely unique mechanisms of action in 
compared to those mediated by antibiotics and 
they have the ability to exhibit anti-bacterial 
action against which already have resistance. 
Moreover, the targeting of multiple biomole-
cules which is a unique feature they are pos-
sessing is compromising the formation of re-
sistant strains (Slavin et al. 2017). Nanotech-
nology science is dealing with the synthesis 
and stabilization of substances at nanoscale, 
such substances have their size ranging from 1 
to 100 nm (Moore, 2006). Nanomaterials have 
distinct and size-related physicochemical char-
acteristics which are significantly aiding in 
how effective are their implementations in dif-
ferent applications (Fabrega et al. 2011). Sliv-
er nanoparticles are announced to be one of 

the most commonly utilized nanoparticles 
(Sharma et al. 2009). Nowadays, silver nano-
particles have been implemented in a wide 
range of applications at various fields such as 
biolabeling, sensors and antimicrobial agents 
due to their unique physiochemical and bio-
logical features (Rai et al. 2009; Ingle et al. 
2008; Kim et al. 2008; Pal et al. 2007; 
Bhainsa and Souza, 2006). The medical prop-
erties of silver have been popular since a long 
time ago. Silver-based substances have been 
utilized in many antimicrobial applications. It 
is an established fact that silver ions are very 
toxic to microorganisms which involve over a 
10 major species of bacteria. There is a huge 
increase in the surface area available for the 
microorganism to be exposed to because of 
size-related properties (Slawson et al. 1992; 
Zhao et al. 1998). 
 

The goal of conduction our research is to 
assess the effectiveness of silver nanoparticles 
those synthesized by utilization of Aspergillus 
niger as an anti-bacterial agent against E.coli 
bacteria that have been isolated from chickens. 
 
2. Materials and methods 

2.1. Sampling 

2.1.1. Sampling sites 

A total number of 75 samples have been 
gathered in the form of cloacal swabs, intesti-
nal fluid and faecal material from the chickens 
at different ages.  The dead birds from the 
field were presented for P.M. examination at 
AHRI   and the suspected samples were col-
lected. 
 
2.1.2. Cloacal swab sampling 

The samples were collected using a sterile 
swab stick that has been gotten moistened by 
0.9% sodium chloride solution. The swab stick 
was positioned into the cloacae of the chicken 
and putted in sterile vials. 
 
2.1.3. Intestinal fluid sampling 

After P.M examination of suspected cases, 
intestines have been collected and each intes-
tine was positioned separately from other ones 
into a sterile jar that has 500 ml of 0.9% sodi-
um chloride solution in it. The suspended fluid 
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of 0.9% sodium chloride solution has been fur-
ther used for the processes of isolation and 
identification. 
 
2.1.4. Faecal material sampling 

Five grams samples were collected from 
poultry houses and putted into sterile vials 
with the aid of sterile cotton buds. The samples 
were relocated into crew-caped test tubes 
which have 10 ml of nutrient broth in them. 
 
2.1.5. Sample transfer   

All of the samples have been transferred 
right away to the laboratory in a foam box with 
ice. 
 
2.2. Isolation and identification of E.coli 

A subculturing has been done to the selec-
tive enrichment broth which is previously in-
cubated by using the samples of cloacal swab 
and faecal material. The subculturing involves 
the transfer of a loop full from selective en-
richment broth to Eosine Methylene Blue 
(EMB) agar medium. In addition to that, 1 ml 
sample of intestinal fluid has been settled into 
sterile plates which were then mixed with ster-
ile Eosine Methylene Blue medium (EMB) and 
poured into plates after leaving them to cool to 
about 45oC. Identification was done through 
gram staining technique and several biochemi-
cal tests which include oxidase, catalase, cit-
rate, indole, Voges-Proskauer test, methyl red 
test, urease, nitrate reduction, and sugar fer-
mentation (Muhammad et al. 2009). 
 
2.3. Biosynthesis of silver nanoparticles 

from Aspergillus niger 

2.3.1. Formation of the biomass 

In order to form the biomass, fungi have 
been exposed to aerobic conditions to make 
them grow. The liquid media in which fungi 
were allowed to grow in is contained in gram 
per liter Potassium dihydrogen phosphate, 7; 
Potassium hydrogen phosphate, 2; magnesium 
sulfate heptahydrate, 0.1; Diazanium sulfate, 1; 
yeast extract, 0.6; and glucose, 10. The flasks 
have been settled on the orbital shaker at a 

speed of 150 rpm at 25∘C. 
 
 

2.3.2. Silver nanoparticles biosynthesis 

Twenty g of the prepared biomass has been 
mixed with 200 ml of Milli-Q deionized for 48 

hours at 25°C in a flask and settled on orbital 
shaker at a speed of 150 rpm. The cell filtrate 
was prepared by passing the content through 
Whatman filter paper no. 1. For the sake of 
silver nanoparticles production, an exact quan-
tity of Silver nitrate has been added to the cell 
filtrate in a flask to produce silver ion (Ag+) in 
a concentration of 1 millimolar then agitated at 

25∘C without exposing to light (Kamiar et al. 
2016). 
 
2.4. Characterization techniques of silver 

nanoparticles  

A lot of characterization techniques have 
been executed to give the physicochemical re-
port of silver nanoparticles. The techniques 
involved the use of Fourier-transformed infra-
red (FT-IR) which is used in identification of 
the chemical bonds through the formation of 
the infrared absorption spectrum, Transmission 
electron microscopy (TEM), and scanning 
electron microscopy (SEM) to reveal the mor-
phology and visualization of the nanoparticles. 
  
2.5. Assessment of the anti-bacterial activity 

of silver nanoparticles 

The inhibition zone assay has been done 
through utilization of the agar well diffusion 
method. Colonies that have been grown over-
night on an agar plate were used in the sake of 
preparation of the inoculum suspension that 
adjusted at 0.5 McFarland then the suspension 
was used to inoculate on Mueller-Hinton agar 
to carry out the inhibition zone assay. The test-
ed compound was having a concentration of 50 
mg/ml using dimethyl sulfoxide (DMSO) as a 
solvent, dimethyl sulfoxide (DMSO) was used 
as a control in this assay. The inhibition zone 
was measured around each well after 24h at 
37oC (Hindler et al. 1994). 
 
3. RESULTS 

3.1. Isolation and identification of E.coli 

3.1.1. Number of E.coli strains isolated and 
identified 
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Table 1. Number and type of samples in which E.coli strains have been isolated and identified. 

Sample type No. of samples No. of E.coli strains 
 isolated and identified 

% of E.coli strains 
 isolated and identified 

Cloacal swabs 25 17 68% 

Intestinal fluid 25 22 88% 

Faecal material 25 14 56% 

Total 75 53 70.6% 

3.1.2. Biochemical identification of E.coli 
 
Table 2. Biochemical examinations which were carried out to identify E.coli. 

Biochemical tests Results 

Urease test -ve 

Methyl red test +ve 

Catalase +ve 

Citrate utilization test -ve 

Indole test +ve 

Triple sugar iron test (H2S production) +ve 

Voges- Proskuer test (VP) -ve 

Oxidase test -ve 

Sugar fermentation test +ve 

Nitrate reduction test +ve 

3.2. Characterization of silver nanoparticles 
3.2.1. Fourier transformed infrared (FT-IR) 

Infrared absorption spectrum has demon-
strated the peak range in the 500-4000 cm-1. 

The Results revealed sharp absorption peaks at 
548.59, 1638, 2074 and 3452 cm-1 which are 
related to several functional groups. 

Figure (1) displays the FT-IR spectrum of biosynthesized silver nanoparticles 
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3.2.2. Transmission electron microscopy 
(TEM) 

Transmission electron microscopy was one 
of techniques that used to reveal the size and 

shape of the silver nanoparticles. The results 
showed that silver nanoparticle have a spheri-
cal shape with average size range of 12–16 nm. 
 

Figure 2. shows TEM image of silver nanoparticles which revealed the average size of silver nanoparticles. 

3.2.3. Scanning electron microscopy (SEM) 
In addition to TEM, scanning electron mi-

croscope was further done to confirm the mor-

phology of the silver nanoparticles. The results 
confirmed the spherical shape of silver nano-
particles 

Figure 3. demonstrates the SEM image of silver nanoparticles 

3.3. Assessment of the anti-bacterial activity 
of silver nanoparticles 

In order to obtain MIC value and inhibition 

zone diameter, the agar well diffusion test has 
been executed and the results were obtained 
(table 3) (figure 1).  
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Table 3: The results of Inhibition zone and MIC obtained through agar well diffusion method. 

Tested microorganism Inhibition zone diameter (mm) MIC value (µg/ml) 

E.coli 14 39.06 

Figure 4. Displays the inhibition zone diameter that resulted from the anti-bacterial action of silver nanoparti-
cles against E.coli. Dimethyl sulfoxide has been used as a control. 

DISCUSSION 

E. coli is commonly found in human and 
animal intestinal tracts. The faecal contamina-
tion or contamination during animal slaughter-
ing can result in a high probability of its exist-
ence in the soil, water, and foods. E. coli can 
be considered as pathogenic bacteria; for in-
stance, certain strains of E.coli can engage in 
the pathogenesis process of causing colibacil-
losis in poultry, on the other hand, they can 
also cause severe human diseases, like colitis 
and hemolytic uremic syndrome (Chans-
iripornchai 2009; Ferens and Hovde 2011). 
In this study, the incidence of E.coli in differ-
ent samples of chicken is 70.6%. This result is 
similar to the results described by (Jakaria et 
al. 2012). 
 

While a higher percentage (91.8%) was 
detected by (Derakhshanfar and Ghanbarpour 
2002).  Nowadays, a lot of researchers have 
reported the danger of antimicrobial resistance 
existence which is raising global concerns as it 
involves the unresponsiveness of bacteria to 
the lethal doses of antibiotics which in a result 

make a requirement for the invention of new 
methods to treat diseases which caused by bac-
teria (Desselberger, 2000; Muhammad et al. 
2009). The use of nanotechnology science in 
order to produce the nanoparticle form of sub-
stances which have a high potential to be bac-
tericidal has shown a huge enhancement of the 
antimicrobial effect of those substances. A 
high number of studies have announced how 
important is the idea of using non-traditional 
antimicrobial agents which are nanotechnologi-
cal-based to solve the problem of antimicrobial 
resistance (Rai et al. 2012). In the sake of con-
ducting our study, evaluation of the effective-
ness of silver nanoparticle’s anti-bacterial ac-
tion on E.coli bacteria isolated from different 
samples of chickens. In regard of the Biosyn-
thesis of silver nanoparticles, a green chemistry 
method has been used to afford a clean, safe, 
and cost-effective way for the production of 
nanoparticles. The method involved a biosyn-
thesis of nanoparticles through utilizing of As-
pergillus niger to aid in formation of silver na-
noparticles and the process of the biosynthesis 
agreed with what has been stated before in the 
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other research (Kamiar et al. 2016). Concern-
ing with the characterization of silver nanopar-
ticles, the physicochemical report of the bio-
synthesized silver nanoparticles has been ob-
tained through utilizing different techniques, 
such as Fourier transformed infrared(FT-IR), 
Transmission electron microscopy (TEM) and 
scanning electron microscopy (SEM). The ex-
ecution steps of those techniques were quietly 
similar to the acquired information from pre-
ceding papers (Nuha, 2023). The anti-bacterial 
activity which is possessed by silver nanoparti-
cles has been assessed through agar well diffu-
sion method (Seetharam et al. 2018) using di-
methyl sulfoxide (DMSO) as a control then the 
values of both MIC and inhibition zone diame-
ter have been determined.  
 

The silver nanoparticles could inhibit the 
isolated E.coli strains compared with the con-
trol. This result is agreed with the results de-
scribed previously by (Bansal, et al. 2010; 
Gaikwad Sagar and Bhosale Ashok 2012). 
 
CONCLUSION 

I 
n our research work, the isolation of E.coli 
from chicken through sampling from cloa-
cal region, intestinal fluid, and faecal 

material was carried out and then identified 
through biochemical examinations(catalase, 
urease, oxidase, indole and methyl red test). 
Silver nanoparticles have been synthesized us-
ing a green chemistry approach through utiliz-
ing Aspergillus niger in the production process 
of nanoparticles. The physicochemical charac-
teristics have been acquired through Fourier 
transformed infrared (FT-IR), Transmission 
electron microscopy (TEM) and scanning elec-
tron microscopy (SEM). The anti-bacterial ef-
fect of silver nanoparticles has been evaluated 
through agar well diffusion test and the values 
of MIC and inhibition zone were noted.  
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