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Abstract

The objective of this study was isolation and identification of some food pathogens from some local food in Erbil city and determination the
sensitivity to classical antibiotics as well as trying to synthesis of sliver nanoparticles from peel Citrus sinensis extracts. Two hundred food
samples were collected from ready to eat food include; red meat and poultry, local dairy products and cake and pastry from December, 2016,
to April 2017, in Erbil city. Different types of media were used; S.S. agar, Macconkey agar, Manitol salt agar, Nutrient agar for isolation of
Salmonella typhimurium, Escherichia coli, Staphylococcus aureus and Bacillus cereus. from food samples. The isolates were investigated
phenotypically, cultural and biochemical tests, Vitek systems, and confirmed genotypically, by using 16sTRNA gene amplified by the
polymerase chain reaction (PCR). Microscopically morphology and biochemical characterizations were examined for the isolated bacteria
the results appeared that 31 isolates characterized as Salmonella spp, 59 isolates of Escherichia coli, 28 isolates of Staphylococcus aureus
and 38 isolates as Bacillus spp. The prevalence of these bacteria in tested food samples recorded as follow; highest number of bacteria was
obtained from red meat and poultry (19) isolates followed by Local dairy product(18) isolates, Ready to eat food (16) isolates and (11)
isolates from cake and pastry. The antibiotics sensitivity tests using disc diffusion method reveled that all the isolates were variable in
resistant to Ampicillin, Amoxicillin, Tetracycline, Erythromycin, Vancomycin, Piperacillin, except Salmonella typhimurium which 100% are
sensitive to those antibiotics. Peel extract from Citrus sinensis was used for the synthesis of silver nanoparticles (Ag NPs) from silver nitrate
solution. Ag NPs characterized by UV-vis spectrophotometer, X-ray diffractometer (XRD), and scanning electron microscope (SEM). The
formation and stability of the reduced silver nanoparticles in the colloidal solution were monitored by UV vis spectrophotometer analysis.
The mean particle diameter of silver nanoparticles was calculated from the XRD pattern according to the line width of the plane, refraction
peak using the Scherrer’s equation. Formation of silver nanoparticle with an average size of 65 nm corresponding to C. sinensis. SEM
determination of the brown color stable samples showed the formation of silver nanoparticles and well dispersed nanoparticles could be seen
in the samples treated with silver nitrate. The inhibitory effect with different concentration; 25, 50, 75 and 100 pl. were increased according
to increasing the concentration of the silver nonoparticales; the highest inhibition zone against bacteria E. coli and Sal. typhimurium were

30mm, while the highest inhibition zones were 28mm and 25mm for Staph. aureus and Bacillus cereus respectively.
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Introduction

Food borne illness defined by the World Health
Organization as diseases, usually food born intoxication,
caused by agents that enter the body through the ingestion of
food. Bacterial contamination of food represents one of the
major public health problems, Salmonella  spp.,
Staphylococcus aureus, E. coli pathotypes and L.
monocytogense are the predominant bacteria species that
cause public health problems worldwide (Lei et al., 2008).
Food borne diseases are main problems, particularly in
developing countries and cause the majority of illnesses and
death around the world. Food is the most important vehicle
that transmits the microorganisms to human. Worldwide,
food-borne diseases are a major health burden leading to high
morbidity and mortality. The global problem of infectious
diarrhea involves 3-5 billion cases and nearly 1.8 million
deaths annually, mainly in young children, caused by
contaminated food and water (Srivastava er al, 2009).
Pathogen detection system has long been used in food
production as a means of process and quality control,
tracking of contamination sources, and monitoring regulatory
compliance. Food-borne diseases are now becoming a great
concern involving a wide range of illnesses caused by
bacterial, viral, parasitic or chemical contamination of food.
In addition, resistance of these microorganisms to multi-
drugs made this situation more of a concern to public health.
One of the promising efforts to address this challenging and

dynamic pattern of infectious diseases is the use of
nanotechnology.

Nano technological applications in medicine have
yielded a completely new field of technology that is set to
bring momentous advances in the fight against a range of
diseases. Nanoparticles exhibit attractive properties like high
stability and the ability to modify their surface characteristics
easily (Tom et al, 2004). Exerting their antibacterial
properties, nanoparticles attach to the surface of the cell, this
interaction causes structural changes and damage, markedly
disturbing vital cell functions, such as permeability, causing
pits and gaps, depressing the activity of respiratory chain
enzymes, and finally leading to cell death (Rai andYadav
2009; Sharma et al., 2009; Li et al., 2010), the aim of this
study were determine the incidence of pathogenic bacteria in
local food products in Kurdistan region and using cultural
methods and biochemical test for identification the isolated
bacteria as well as using PCR. controlling the growth of
pathogenic bacteria which have contaminated food, and resist
to classical antibiotics by using synthesis silver nanoparticle
by using peel Citrus sinensis extracts to control the growth of
isolated pathogenic bacteria and comparing their effects with
the classical antibiotics against the bacteria.

Material and Methods

Two hundred (200) local food samples were collected
from Kurdistan region markets, this food samples include 50
from each of ready to eat food, red meat and poultry, local
dairy products and cake and pastry. Twenty five grams of
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each food samples were suspended to 225ml of buffer
peptone water and incubated at 37°C for 12-18hr. serial
dilution were prepared from the initial dilution, from suitable
dilution (0.1) was transferred onto surface of specific media
as follow (Levinson and Jawetz, 2000)

Isolation of Salmonella spp. : Enrichment phase and
selective liquid environment was carried out, culture
Rappaport Vassiliadis was used and then transport 1 ml to
plate of S. S agar, incubated at 37 °C for 18-24 h (Omar et
al., 2014).

Isolation of Bacillus sp. was done by heating the samples to
get Bacillus sp. spore and then 1ml transferred to the plate
surface of nutrient agar, and incubate for 18-24 hours in 37
°C (Omar et al., 2014).

Isolation of Staphylococcus aureus: 1 ml. was transferred
onto the surface of mannitol salt agar (Levinson and Jawetz,
2000).

Table 1 : Primers Sequencing:

Isolation of E. coli and E. coli O157 H:7. The samples were
diluted in tryptone water (1% tryptone, 0.5% NaCl),
inoculated onto MacConkey agar, and for isolation of E. coli
0157 was performed according to the Dentorou method,
colonies was streaked on Sorbitol MacConkey agar (SMAC)
which contains cefixime (50 pg/liter) and potassium tellurite
2.5 mg/liter, and incubated at 42°C for 24 hours (Dontorou et
al., 2003).

Identification of isolated bacteria and determination MIC
of bacteria isolates by VITEK 2 compact system
(bioMerieux Vitek, Hazelwood, p0, USA), antimicrobials are
placed on plastic reagent cards that can hold microliter
quantities of test media. As well as the identification
confirmed by PCR. The Primers sequencing which used
appeared in the following table:

Target gene Primer |Nucleotide sequence Product |Reference
16sTRNA fpr Sqlmonella 16S FWDI S:CGG.,ACG,GGT,GAG,TAA,TGT,CT?’ SIZ:O 6 (Mahon et al., 1994)
typhimurium 16S REV1 |5GTT,AGC,CGG, TGC, TTC,TTC,. TG3
16srRNA for Bacillus cereus }gg E\g\?ll giﬁig@%ﬁ?ggggﬁfﬁf AG :ggf 3 370 (Fangio et al., 2010)
RN oS |3 DS GTACOTGOCAECOTIATCE | oy | vt 209
o |18 ENDY S COMGMCCTICCTICTTCTACT | 00 | cvsmera o

Genomic DNA extraction:

Sample preparation and bacterial culturing were carried
out, pure isolated colony for each type of isolated bacteria
were inoculated in 90 ml Tryptone Soya Broth-Yeast Extract
(TSBYE) incubated overnight in 37c. DNA was prepared for
PCR according to the method (Adwan et al., 2015). Briefly,
1.5 ml from overnight TSBYE broth was centrifuged for each
DNA prepared extraction, the pellet washed twice with 1 ml
of 1X Tris-EDTA buffer (10 mM Tris-HCI, 1 mM EDTA
[pH 8.0]). The pellet was then re-suspended in 0.5 ml of
sterile distilled H,O, and boiled for 10-15 min. The cells then
immediately were incubated on ice for 10 min. The debris
was pelleted by centrifugation at 11,500 x g for 5 min. DNA
concentration was determined using a spectrophotometer and
DNA samples were stored at -20°C until use. The amplified
products were examined by 2% agarose gel electrophoresis.
A DNA ladder of 100 bp was also included in all gels (100
bp DNA ladder RTU, GeneDireX).

Synthesis of Silver nanoparticales

Collection of plant material: Five different natural peels of
Citrus sinensis were selected for the silver nanoparticles
synthesis. The peels were washed 2-3 times with de-ionized
water.

Biosynthesis of silver nanoparticles: Silver nitrate
(Himedia) used in this study; 2.5 g of the peels of C. sinensis
were boiled in 150 ml of de-ionized water. 2.5 ml of
ammonium solution was added to 5 ml of 1 mM AgNO;
(solution, followed by addition of peel extract 1-10 ml and
the final volume was adjusted to 50 ml by adding the suitable
amount of de-ionized water, the solution turned from

yellowish to bright yellow and to dark brown indication of
silver nanoparticles. The flasks were incubated at 37 C under
shaking (200 rpm) for 2448 h (Kasthuri et al., 2009).

Description of silver nanoparticles; To determine the time
point of maximum production of silver nanoparticles, the
absorption spectra of the samples were taken 300-540 nm
using a UV-vis spectrophotometer (Thermo Scientific
NanoDrop 1000 labtech U-2800 spectrophotometer). The
deionized water was used as the blank. The samples were air-
dried and allowed to -characterize by Atomic Force
Microscopy (Model-Nanosurf easyscan 2 AFM, Switzerland)
for its detail size, morphology and agglomeration of silver.
AFM Image was taken with silicon cantilevers with force
constant 0.02-0.77 N/m, tip height 10-15 nm, contact mode.
To check phase formation and purity, XRD patterns were
recorded using powder X-ray diffract meter (Model-D8
Advance, made in BRUKER Germany).

The samples from the exciting time point of production
of silver nanoparticles were equestrian on specimen stubs
with double-sided adhesive tape and coated with gold in a
sputter coater to avoid charging and examined under SEM
(HITACH, Model S- 3400N).

The antibacterial activity of Nanoparticles

Antimicrobial activity by well diffusion method: The
silver nanoparticles (Ag NPs) synthesized from C. sinensis
were tested for their antimicrobial activity by well diffusion
method against pathogenic organisms like Staphylococcus
aureus, E. coli, Salmonella typhmurium and Bacillus cereus.
The pure cultures of the bacteria were sub cultured on
Nutrient broth at 35C on rotary shaker at 200 rpm. Each
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isolate was streaked uniformly on the separate plates using
sterile cotton swab. Wells with size 5 mm have been made on
Muller-Hinton agar plates using cork borer. Using
micropipette, 50 1, 75 11 and 100 1I of the nanoparticles
solution were poured into the wells. After incubation at 37C
for 20 h, the zones of inhibition were measured (Ahmed et
al., 2015).

Result and Discussion

In this study, 200 food samples were collected from
different markets in Erbil city to determine the presence of
pathogenic bacteria, types of these food appeared in table 2,
out of total food samples,150(75%) were contaminated with
bacteria, and according to the results the highest
contaminated food was ready to eat food 42(84%), while the
red meat, and cake with cream and pastry were 39 (78%), but
30 (60%) of local dairy products was contaminated with
pathogenic bacteria. The food samples were taken and
examined for S. aureus, E. coli, Salmonella sp. and Bacillus
sp, which cultivated on specific selective media for each
genera, as appeared in figure 1, 75% of the total samples
were contaminated with Bacillus sp. 42% , 24.50% of the
samples were contaminated with E. coli and Staph. aureus
respectively while Salmonella sp. found in 21% of the total
food samples.

Table 2 : Number and Percentage of Contaminated Food
Samples

No. and %|No. and %
Total No. 0. .
Type of food of positive |of negative
of samples
sample | samples
Ready to eat food 50 42 (84) 8(16)
Red meat 50 39(78) 11(22)
Local dairy product 50 30(60) 20(40)
Cake with cream 50 39(78) 11(22)
Total 200 150(75) 50(25)
M Bacillussp
mE.coli

satphylococcus aureus

W Salmonellasp.

Fig. 1 : Percentage of Isolated Bacteria from Different Food
Sources
Identification of Pathogenic Bacteria.

The study revealed to isolate Salmonella in selective
media S.S. agar and XLD; identified by biochemical tests
and veitek compact 2 system, the result appeared that;
15(48.%) of the total isolates were confirmed as Salmonella
enterica (typhimurium) and 16(51.06%) were the other
salmonella species as showed in table 3, this bacteria
identified as Sal. typhimurium according to possessing the
specific gene 16rRNA products size 406 bp.

This result was agree to Swanenburg et al. (2001) they
performed to identification Salmonella typhimurium in
different source of food and detection by PCR technique, 39
(31.45%) was positives from the 268 field samples. Among
various foodborne pathogens, Salmonella serotypes are the
most common bacteria responsible for foodborne
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gastroenteritis. There are more than 2500 serovars of
Salmonella and all are considered as pathogenic. Salmonella
is found anywhere in nature, including the digestive tracts of
different animals, poultry products, milk products and
seafood. Raw chicken meat is known to be the major source
for Salmonella food poisoning (Chen and Schluesener 2008).
The prevalence of Salmonella in different food products
ranged from 2% to 100% (Iyer et al., 2013; Anihouvi et al.,
2013; Adeyanju and Ishola, 2014).

Table 3 : Identification of pathogenic bacteria by PCR

No. of No. (%)
Type of pathogenic bacteria 1soll)a;ltes ?Sf;ll);il:l;;
vitiek PCR
Escherichia coli 59 56
Bacillus cereus 38 33
Staphylococcus aureus 28 22
Salmonella entrica (typhimurium) 31 15(48)

Staphylococcus aureus identified by biochemical tests,
from the total isolates; 28 isolates divided as follow: 22
isolates were confirmed and gave positive result to specific
sequence 16rRNA gene as showed in table 3. Staph. aureus
possessed specific gene 16rRNA products size (228bp)
cleared as bands in the gel electrophoresis. The isolates of
Bacillus spp. identified by biochemical tests, only 38 isolates
were confirmed as Bacillus cereus by vitiek compact system2
and by PCR. The results were shown that 59 isolates
confirmed as E. coli (Kiranmayi et al., 2010).

Antibiotics susceptibility test

The antibacterial sensitivity test was performed
according to Kirby-Bauer Method (antibiotic disc diffusion
method) included 7 types of antibiotics; Ampicillin,
Amoxicillin, Tetracycline, Erythromycin, Vancomycin,
Piperacillin, Cefazolin. Twenty six antimicrobial agents,
including the mentioned antibiotics, were applied against all
the isolates by vietik kits technique, minimum inhibition
concentration (MIC) was determined. The test was applied to
find the multidrug resistance pattern that was usually
associated with resistance of these bacteria the results in table
4 shown that Staph. aureus was 100% resistant to Ampicillin
and 80%, 60% and 25% were resist to Erythromycin,
Vancomycin and Tetracycline respectively. Salmonella
typhimurium, on the other hand was sensitive to Amoxicillin,
but 20% of this bacteria resists to, Erythromycin, and 12% to
Ampicillin while 15% resist to Vancomycin. Also all E. coli
was resistance to Erythromycin and 90, 85 and 74% of the
isolated bacteria resist to Piperacillin, Vancomycin, and
Amoxicillin respectively but 20% was resist to Ampicilin. as
well as all Bacillus cereus isolates was resistance to,
Erythromycin, and 75% to Ampicillin, and 70% to
Amoxicillin, but 60% of the isolates resists to Cefazolin
antibiotics.

Studies demonstrated that the increase in the rate of
Penicillin group resistance in all Staphylococci isolates
especially in the Methicillin resistance strains such as studies
by (Mario et al., 2016; Oliva et al., 2013; Karanika et al.,
2015), they showed that Penicillin resistance rates in the
Staph.  aureus were 97.5%, 87.8% and 100%
correspondingly. One of the reasons that may explain the
increasing of Penicillin group resistance among Staph.
aureus isolates in most cases is the production of f-lactamase
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enzyme that destroyed the p-lactam ring making this
antibiotic inactivated.

There were reports of resistance of E. coli to antibiotics
associated with treatment failure (Talan et al, 2004). Included
in the list of affected antimicrobials are penicillin,
cephalosporin, sulpha drugs, and fluoroquinolones (Goettsch
et al, 2000). Fluoroquinolone resistant E. coli strains often
show resistance to other drugs such as ampicilin, tetracycline,
chloramphenicol, trimethoprin, sulphamethoxazole and
Gentamycin, and there has been a significant increase in
fluoroquinolones resistant E. coli in many countries over the
last few decades (Viroy et al., 2005).

Table 4 : MIC of antibiotics and percentage resistance
isolated bacteria

Type of Antibioti MIC %0 of.bacteria
bacteria ntibiotics (ug/ml.) resns.ta.nc?

to antibiotics
Ampicillin 0.25 100
Tetracycline 8 25
Staph. aureus Erythromycin 0.5 80
Vancomycin 1 40
Amoxicillin 2 74
Ampicillin 16 20
E. coli Erythromycin 0.5 80
Vancomycin 1 70
Piperacillin 0.12 55
Amoxicillin 8 88
Bacillus Ampicillin 16 60
cereus Erythromycin 0.5 95
Cefazolin 16 80
Amoxicillin 8 30
Sal. Ampicillin 8 35
typhimurium | Erythromycin 1 40
Vancomycin 4 20

The characters of synthesis of silver nanoparticles

The study on biosynthesis of silver nanoparticles by
using natural plants extract such as C. sinensis was done and
described in this effort. The aqueous silver ions were reduced
to silver nanoparticles when added to peel extract of C.
sinensis. It was detected that the color of the solution turned
from yellow to bright yellow and then to dark brown after 1,
24 and 48 h of the reaction, which indicated the formation of
silver nanoparticles. The formation and stability of the
reduced silver nanoparticles in the colloidal solution was
monitored by UV-vis spectrophotometer analysis. The UV-
vis spectra showed maximum absorbance at 420 nm, which
increased with time of incubation of silver nitrate with the
plants extract (Figure 2). The curve shows increased
absorbance in various time intervals (1 h, 24 h and 48 h) and
the peaks were seen at 420 nm equivalents to the surface
plasmon resonance of silver nanoparticles. The observation
indicated that the reduction of the Ag+ ions took place
extracellularly. It is reported earlier that absorbance at around
430 nm for silver is a characteristic of these nobel metal
particles (Nestor et al, 2008). In order to verify the results of
the UV-vis spectral analysis, the samples of the silver ions

exposed to the extracts of natural plants were examined by
XRD. Figure 3 shows the XRD pattern for silver
nanoparticles synthesized using natural plants extract. The
mean particle diameter of silver nanoparticles was calculated
from the XRD pattern according to the line width of the
plane, refraction peak using Scherrer's equation (Balaji et al.,
2009). For peel extract synthesized silver nanoparticles the
calculated average particle size of the silver was found to be
65 nm. The silver nanoparticles were characterized by
Atomic Force Microscopy (AFM) for its detail size and
morphology of silver. The topographical images of irregular
silver nanoparticles synthesized were shown in Figure 4. The
particle size of the silver nanoparticles was found to be 65
nm, Fig 4 shows the scanning electron micrograph of C.
sinensis treated with 1 mM silver nitrate solution for 24 h.
SEM determination of the brown color stable samples
showed the formation of silver nanoparticles and well
dispersed nanoparticles could be seen in the samples treated
with silver nitrate. Many researchers have reported the
biosynthesis of nanoparticles with plants extract for
biosynthesis reaction. Synthesis of spherical silver
nanoparticles using purified compound, extracted from henna
leaf at ambient conditions (Kasthuri et al., 2009). Using
green tea, C. sinensis extract as reducing and stabilizing
agents gold nanoparticles and silver nanostructures could be
produced in aqueous solution at ambient conditions
(Torresdey et al., 2003). Plant extracts from live alfalfa, the
broths of lemongrass, geranium leaves and others have
served as green reactants in Ag NP synthesis (Retchkiman-
Schabes et al., 2006; Shankar et al., 2003b; Shankar et al.,
2005).

C. sinensis
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Fig. 2 : UV-vis spectra of silver nanoparticles synthesized using
Citrus sinensis peel extracts.

2000 | C. sinensis
1500 -
g 1000 ~
500 i
"“MMA___ —
N -
» P w & 7o
“2 Theta

Fig. 3 : X-ray diffraction pattern of the silver nanoparticles were
synthesized from Citrus sinensis peel extracts.
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Fig. 4 : AFM images of the silver nanoparticles synthesized by
Citrus sinensis peel extracts.

- ——
Fig. 5 : SEM images of the silver nanoparticles synthesized by
Citrus sinensis peel extracts.

Antibacterial activity of synthesized Sliver Nanoparticles

The antimicrobial activity of silver nanoparticles
synthesized by peel extract was examined against various
isolated food borne pathogens such as S. aureus, E. coli and
Salmonella typhimurium and Bacillus cereus using well
diffusion method. The measurement of inhibition zones
diameter (mm) around the well with silver nanoparticles
solution was appeared in Table 5. The AgNps synthesized
using peel of C. sinensis extracts reduction with 65nm in size
have inhibitory effect against isolated pathogenic bacteria by
using well diffusion method, as follow: the inhibitory effect
of Ag Nps with different concentration; 25,50, 75 and 100 pl.
were increased according to increasing the concentration of
the silver nonoparticales as shown in table 5 ; the inhibition
zone against bacteria Staph aureus was 12,19,25 and 28 mm
respectively whereas the inhibition zone of Bacillus cereus
measured as; 14, 20, 23 and 25mm for the similar
concentration (25,50,75 and 100ul), and the larger inhibition
zone measured 30mm and 21mm for the concentration 100 pl
and 50l against each E. coli and Sal. typhimurium isolates
respectively. As well as the inhibition zone recorded 21 mm
when 50 pl concentrations of the Ag Nps synthesized was
used against each E. coli and Sal. typhimurium as well as;
28mm and 25mm recorded against the same bacteria when
the concentration75u] were examined.

Table 5 : The antibacterial activity of synthesized nano silver
against tested bacteria

AgNps Staph. E. B. Sal.
con.(ul) aureus coli | cereus | typhimurium
25 12 15 14 17
50 19 21 20 21
75 25 28 23 25
100 28 30 25 30
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The silver nanoparticles showed effective antibacterial
property due to their extremely large surface area, which
delivers improved contact with bacteria. The nanoparticles
get attached to the cell membrane and entered inside the
bacteria. The silver nanoparticles interacted with sulfide
proteins in cell membrane structure as well as interact with
these proteins in the cell and with the phosphorus containing
compounds like DNA. When silver nanoparticles enter the
bacterial cell it forms a low molecular weight region in the
center of the bacteria to which the bacteria corporations thus,
protecting the DNA from the silver ions. The nanoparticles
first attack the respiratory chain, cell division finally leading
to cell death. The nanoparticles release silver ions in the
bacterial cells, which enhance their bactericidal activity
(Sondi et al., 2004; Morones et al., 2005).

The silver nanoparticles have been produced by C.
sinensis peel extracts, which is an inexpensive, effectual and
ecological friendly process. UV-vis spectrophotometer,
XRD, AFM and SEM techniques have confirmed the
reduction of silver nitrate to silver nanoparticles. The zones
of inhibition were formed in the antimicrobial showing test
specified, that the Ag NPs made in this process has the
efficient antimicrobial activity against pathogenic bacteria.
The biologically synthesized silver nanoparticles could be of
huge use in medical field for their effective antimicrobial
function.
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