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Abstract 

This work compares the characteristics and antimicrobial activity of chemically- and green-synthesized silver nanoparticles 

(Ag-NPs). The Ag-NPs were characterized using UV-visible spectroscopy, Fourier Transform Infrared Spectroscopy (FTIR) 

analyses, Transmission electron microscopy (TEM), and Zeta Potential (ZP). Results revealed that chemically synthesized 

Ag-NPs (C-Ag-NPs) were spherical with a particle size range of 4.86 to 13.6 nm, while the green-synthesized Ag-NPs (G-Ag-

NPs) were of multi-shapes and size- range of 38.9 to 103 nm. Zone-inhibition test was done to compare the antimicrobial 

activity of both versions against common microbes of hatchery machines such as:  G+ bacteria (Bacillus cereus, Bacillus 

subtilis, Staphylococcus aureus and Methicillin-resistant Staph. aureus (MRSA), G- bacteria (Escherichia coli O157; 

Pseudomonas aeruginosa, and Salmonella typhimurium), Mold (Aspergillus niger) and yeast (Candida albicans). Generally, 

both C-Ag-NPs and G-Ag-NPs had significant effects on the tested microbes. The antibacterial effect of G-Ag-NPs against 

Ps. aeruginosa, B. cereus, and MRSA was significantly stronger than that of C-Ag-NPs, while the antifungal effect of C-Ag-

NPs against Aspergillus niger was superior over that of G-Ag-NPs. For application, G-Ag-NPs and TH4 (a commercial 

disinfectant of poultry facilities) were separately sprayed onto the wall of egg incubators to compare their effect on total 

aerobic counts, total spore counts and total fungi. Results showed that both G-Ag-NPs and TH4 had strong effects on total 

aerobic counts, total spore-counts, and total fungi. G-Ag-NPs indicated higher efficacy than TH4. It could be concluded that 

G-Ag-NPs may be a promising antimicrobial candidate for sanitizing poultry facilities.  

Keywords:  Nano-silver; antimicrobial activity; egg incubator; sanitization.  

1. Introduction 

Poultry diseases present a big challenge that 

hinders the improvement of the poultry industry, 

especially in developing countries [1–3]. A high load 

of pathogens including bacteria, molds, and yeasts 

could induce many diseases that negatively affect the 

health of the flocks, quality of baby chick, quality of 

meat, and poultry facility economics. For instance, 

Aspergillosis and Candidiasis are the most frequent 

fungal diseases in poultry that cause economic loss. 

Also, Staphylococcus aureus could increase 

morbidity and mortality in infected chicks [4–6].  

Biosecurity strategy includes protocols 

preventing the introduction and/or spread of 

pathogens in poultry facilities. Sanitizers are a 

significant component of biosecurity protocols in 

which they are used for reducing surface microbial 

loads. Several commercial disinfectants have shown 

their efficacy however a number of them are not 

considered environmentally safe [7–9]. 

Over the last decades, silver nanoparticles (Ag-

NPs) have gained importance due to their distinctive 

characteristics, such as chemical stability, catalytic 

and antimicrobial activities. These characteristics 

strongly impose Ag-NPs as an antimicrobial agent in 

several applications such as purifying water, 

pesticides and hatching egg sanitization [10,11]. Ag-
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NPs with good biocidal properties may be an 

outstanding alternative to chemical disinfectants 

[8,12,13]. Synthesis and administration of chemically 

synthesized Ag-NPs (C-Ag-NPs) are may be 

criticized due to toxicity issues [14,15]. 

Consequently, finding efficient and environment-

friendly methods for synthesizing metal nanoparticles 

became essential for safety reasons. The green 

synthesis methods have opened new horizons for 

finding eco-friendly nano products [16–18]. 

Therefore, this work was designed to synthesize 

silver nanoparticles chemically and biologically using 

trisodium citrate and mint (Mentha piperita) leaves-

extract, respectively. Ag-NPs were characterized by 

spectroscopic analysis. The efficacy of the Ag-NPs 

against pathogens commonly present in poultry 

facilities was evaluated. Finally, a comparison 

between the effect of green-synthesized Ag-NPs (G-

Ag-NPs) and TH4 on total aerobic bacterial counts, 

total spore counts and total fungi in poultry hatchery 

machines was carried out. 

 

2. Experimental 

2.1. Chemicals 

Silver nitrate and Tri-sodium citrate dehydrate 

(Sigma-Aldrich-Schnelldorf, Germany) were used as 

delivered. The used commercial disinfectant (TH4) 

contained (g/L): 18.75 of dodecyl dimethyl 

ammonium chloride, 18.75 of dioctyl dimethyl 

ammonium chloride and 37.75 of octyl decyl 

dimethyl ammonium chloride, 50.0 of alkyl dimethyl 

benzyl ammonium chloride, 62.50 of glutaraldehyde, 

20.0 of pine oil, and 20.0 of terpineol (Intercova 

Animal Health Products, France). Deionized water 

was used for dissolving the silver salt in all tests. 

 

2.2. Synthesis of Ag-NPs   

2.2.1. Chemical method 

An aqueous solution of AgNO3 was prepared by 

adding 0.1 g of silver nitrate to 100 mL deionized 

water and stirred, using magnetic rode and 

temperature- controlled magnetic stirrer. The AgNO3 

solution was heated up to boiling, and then 5 mL of 

1% tri-sodium citrate dehydrate (TSC) solution were 

added drop-wise under continuous stirring. The 

reaction was allowed to take place until the solution 

color changed from yellow to greenish-yellow [19]. 

2.2.2. Green method 

2.2.2.1. Preparation of mint-leaves extract 

Leaves of mint, Mentha piperita, were gathered 

from the local market in Giza, Egypt, and were 

carefully washed using running tap water and 

rewashed with deionized water. The leaves were 

dried in a hot air oven at 50°C for 24 h and then were 

ground into powder using a mortar and pestle. The 

powder was stored for further use in airtight 

containers. For extraction, five grams of the leaves 

powder were suspended in 50 mL of sterilized 

deionized water and kept in a water bath at 100°C for 

30 min. The extract was centrifuged at 5000 rpm for 

15 min, and then filtered using Whatman filter paper 

No.1. The extract was filter-sterilized through a 0.22 

µm pore size membrane filter and the sterilized 

extract was stored in a refrigerator at 4°C for further 

use [20]. 

 

2.2.2.2. Biosynthesis of Ag-NPs  

Five mL of mint extract were mixed with 100 

mL of silver nitrate solution. The mixture was heated 

at 90°C for 1 h, with constant stirring at 500 rpm, 

until the color changed from pale green to dark 

brown, and then stored under darkness at room 

temperature for 24 h to test the stability of Ag-NPs 

[20]. 

 

2.3. Characterization of Ag-NPs  

2.3.1. UV-Vis spectral analysis 

Spectral analysis for the development of Ag-

NPs was conducted by ultraviolet-visible 

spectroscopy using UV- Vis Spectrophotometer 

(Cary100, Japan) in the range from 200 to 800 nm. 

The UV-visible spectroscopy was used to detect the 

Surface Plasmon Resonance (SPR) spectra of the 

synthesized nanomaterial; the reduction of AgNO3 to 

nanoparticles is proven by the change in solution 

color from pale green to dark brown. This color 

change is mainly due to the SPR phenomenon. Metal 

nanoparticles have free electrons which give the SPR 

absorption band which is obtained by the combined 

oscillations of the electrons of the metal nanoparticles 

resonating with the light wave [21–26].  

 

2.3.2. Fourier Transforms Infrared (FTIR) 

spectroscopy analysis 

Functional groups of the synthesized Ag-NPs 

were detected using FTIR spectrometer (Infrared 

Spectrum Origin JASCO FT/IR-6100 typeA, Japan). 

Vacuum dried Ag-NPs were characterized in the 

range 400–4000 cm-1 at a resolution of 4 cm-1 using 

potassium bromide (KBr) pellet method. This helps 
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to characterize the potential molecules responsible for 

the reduction of Ag+ ions and the stabilization of the 

reduced silver nanoparticles that prevent 

nanoparticles clustering and capping in the aqueous 

medium [27–30].  

 

2.3.3. Transmission Electron Microscopy (TEM) 

The average particle size and shape of Ag-NPs 

were determined using TEM (JEOL model JEM-

2011) at the accelerating voltage of 80 kV. TEM 

samples of the reaction mixtures were prepared by 

placing 5 µl of the reaction mixtures over carbon-

coated copper grids, allowing the samples to dry in a 

desiccator with silica to be examined [31]. 

 

2.3.4. Particle size and Zeta Potential 

Measurement 

Zeta potential offers information about both the 

stability and surface charge of Ag-NPs in aqueous 

colloidal suspensions. The surface potential of the 

silver nanoparticles was determined using Particle 

Sizing Systems (ZPW388-V2.14, Inc. Santa Barbara, 

Calif., USA). Liquid samples of the Ag-NPs (5 mL) 

were diluted with double distilled water (50 mL) 

using NaCl as a suspending electrolyte solution (2 

x10-2 M NaCl). The pH was then adjusted to the 

required value at 7.0 ±0.2. The samples were shaken 

for 30 minutes, and then the Zeta Potential of the 

metallic particles was measured [32,33]. 

  

2.4. Antimicrobial activity of synthesized Ag-NPs   

2.4.1. Determination of Ag-NPs antimicrobial 

activity  

The chemical and green synthesized Ag-NPs 

were tested for their antimicrobial activity against the 

following target microorganisms: Gram positive 

bacteria; Bacillus cereus ATCC 33018, Bacillus 

subtilis ATCC 6633, and Staphylococcus aureus 

ATCC 25923; Methicillin-resistant Staph. aureus 

(MRSA) ATCC 43300. MRSA was kindly provided 

from Naval Medical Research Unit 3 (NAMRU-3). 

Also, their efficacy was tested against Gram negative 

bacteria; Escherichia coli ATCC 35218, E. coli O157 

ATCC 700728; Pseudomonas aeruginosa ATCC 

35032 and Salmonella typhimurium ATCC 14028, 

and the filamentous fungus Aspergillus niger NRRL 

1957, along with the yeast Candida albicans ATCC 

10231. 

Pure microbial cultures were sub-cultured on Mueller 

Hinton (MH) agar [34] for bacteria and MH agar 

supplemented with 2% glucose for yeast and fungi. 

The antimicrobial activity of Ag-NPs was determined 

applying well-diffusion method on the same media 

using pour plate method. Wells of 10.0 mm in 

diameter were made using a sterile cork-borer, and 

then 20 μl of synthesized Ag-NPs were poured into 

each well. Plates were incubated at 30°C for 1 and 3 

days for bacteria and fungi, respectively [35–37]. 

 

2.4.2. Efficacy of G-Ag-NPs versus TH4  

The inside of the hatchery machine door was 

divided into 2 sections; each section was sprayed 

with either green Ag-NPs or TH4 at concentrations 

of 39 ppm and 2.0%, respectively. A sterile 

aluminum template (10×10 cm) was used to 

designate three sampling locations at each section. 

Sterilized cotton swabs were moistened by dipping 

in sterile 0.1% peptone water. Each location was 

wholly rubbed with moistened swab then the 

swabs were kept in a sample container containing 

100 mL buffered peptone water (BPW). Each 

sample container was vortexed and stood for 20-30 

min, and then serially diluted [38]. One mL of each 

dilution was aseptically inoculated into suitable 

media in triplicates, using pour plate method.  

For determination of total aerobic and total 

spore counts, Standard plate count nutrient agar 

medium [34] was used at 30°C for 2 days. Rose 

Bengal chloramphenicol agar medium [34] was used 

for total fungi count at 30°C for 5 days. Counts of 

Enterobacteriaceae were detected on violet red bile 

glucose agar medium [34] for 2 days at 37°C. For 

total and fecal coliform, MPN method was applied 

using MacConkey broth medium [34] for 24h days at 

37°C and 44.5°C, respectively. 

For Salmonella detection, a pre-enrichment 

technique was performed in Buffered Peptone Water 

with incubating samples’ bottles at 35°C for 24 h; ten 

mL of the pre-enriched (Buffered Peptone Water) 

BPW was transferred to inoculate 100 mL selenite 

cystine broth medium [34] for selective enrichment, 

and incubated at 43ºC for 24 h. A loop-full of each 

selenite cystine enrichment culture was streaked onto 

selective Salmonella/Shigella agar medium (SS agar) 

[34], and incubated at 37°C for 48 h [39–41]. 

 

2.5. Statistical analysis 

Data were statistically analyzed using the linear 

model procedure (SAS, 2018). Differences were 

considered significant at p <0.05. Differences among 

means were tested using Duncan's multiple range test 

[42]. The model applied was:  
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Yij = µ + Ti + Eij 

Where: 

Yij = Observations; µ = Overall mean; Ti = Effect of 

ith treatments; Eij = Experimental error 

 

3. Results and discussion 

3.1. Characterization of Ag-NPs 

3.1.1. UV-Vis spectra analysis 

Both chemically and biosynthetically prepared 

Ag-NPs were confirmed by UV–Vis spectral 

scanning in a range of 200–800 nm; the intensity of 

the surface plasmon resonance (SPR) band increased 

with time. Figure (1) is showing the UV results of 

both samples where the Ag-NPs peaks were found at 

different positions due to the sensitivity of the formed 

nanoparticles under varied reaction environment. The 

UV results of Ag-NPs synthesized using both 

chemical and green methods showed peaks at 418-

420 and 390-400 nm, respectively. Results of C-Ag-

NPs are in line with those of  Van-Dong et al. and 

Agnihotri et al., who assigned the peak at 420 nm 

wavelength for spherical Ag-NP with size 50 nm 

[43,44]. 

Furthermore, the absorption spectra of G-Ag-NP 

in Fig. (1b) showed a large – sharp shoulder at about 

400 nm, indicating large size and concentration of 

Ag-NPs compared to the chemical synthesis of Ag-

NPs. These results are well consistent with Verma 

and Mehata, who investigated the biosynthesis of Ag-

NPs observed at about 394 - 400 nm [45]. Moreover, 

Song et al. confirmed the correlation between the 

concentration of the Ag-NPs and the peak style where 

a weak peak indicates low concentration of the 

nanoparticles, meanwhile the increase in Ag-NPs 

concentration will be reflected in large plasmon peak 

intensity [46]. Accordingly, the main peaks of the 

tested samples showed large peaks and implied high 

silver nanoparticles concentration. The same authors 

demonstrated that the higher degree of nanoparticles 

dispersion will give the narrower plasmon peak. In 

accordance with the previous findings, the 

biosynthesis reaction for the Ag-NPs formation 

indicated larger particle sizes and higher 

concentration of Ag-NPs than that of the chemical 

derivation. The range 320-580 nm is a characteristic λ 

max for the bio-fabrication of Ag-NPs, as described 

by Hamouda et al., whereby the frequency and 

bandwidth of the SPR depend not only on the size 

and shape of the metal nanoparticles, but also on the 

dielectric constant of the metal itself and the 

surrounding interfering medium [47]. It has been 

mentioned that phytochemicals present in plant 

extracts such as phenols, flavonoids, alkaloids, 

antioxidants, tannins, etc. might have a great 

influence on the biosynthesis of nanoparticles 

[48,49]. 

The UV-Vis spectrophotometry is the easy fast 

technique to confirm the synthesis, shape, size, 

concentration and dispersion of the Ag nanoparticles 

[46,50–52]. The change in the peak positioning for 

silver nanoparticles can be explained by the 

sensitivity of the produced Ag-NPs in different 

reaction environments. This effect normally reveals 

the difference in their distinguishing optical identities 

based on their SPR, which depends on the variation 

of nanoparticles’ physical properties such as size and 

shape. The silver nanoparticles with changing size 

and shape have different numbers of free electrons at 

different energy levels. In addition,  the interaction of 

those electrons results in the SPR absorption band, 

due to their combined oscillations in resonance with 

light waves. The reduction of AgNO3 to nanoparticles 

is essentially indicated by the change in color of 

solutions from pale green to dark brown, for the 

green method, and from colorless to pale yellow in 

chemical preparation. Such change in color is 

commonly due to SPR [47,53].  

 

3.1.2. FTIR spectroscopy analysis 

The potential functional groups of the Chemo-

/bio-synthesized granules of Ag-NPs, prepared from 

chemical and green reduction methods were 

characterized by FTIR and given in Fig. 

(2), respectively. Figure (2) presents the chemically 

synthesized product, C- Ag-NPs with the prominent 

peaks at 3453, 2922, 2864, 1647, 1490, 1451, 1395, 

1127, 1054 and 562 cm-1, assigning the presence of 

Fig. 1. UV–Visible absorption spectra of (a) C-Ag-NPs 
and (b) G-Ag-NPs. 

https://www.degruyter.com/document/doi/10.1515/gps-2019-0058/html#j_gps-2019-0058_fig_007_w2aab3b7e1345b1b6b1ab1b2b5b3Aa
https://www.degruyter.com/document/doi/10.1515/gps-2019-0058/html#j_gps-2019-0058_fig_007_w2aab3b7e1345b1b6b1ab1b2b5b3Aa
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the following chemical assemblies; OH stretching 

vibrations/carboxylic group, C-H stretching of 

alkanes, N-H bend of primary amines, stretching of 

C=O bonding, symmetrical stretching for N-O of 

nitro compounds (attributed to elemental function 

groups), –C–OCH3 stretching modes of the alkyl 

halides and alkenes, respectively.  

 

In comparison, the FTIR spectrum of G-Ag-

NPs as shown in Fig. (2), where the characteristic IR 

peaks of the biologically produced silver nano-

particles were shifted to higher and lower wave-

numbers 3459, 2986, 2944, 2852, 1642, 1389, 1276, 

1142, 1156, 1073, 1057, 631, 569 and 465 cm-1 for 

the same structural groups mentioned above. These 

peaks signified the presence of vibrations of the 

following groups: O-H assigned for the phenol and/or 

carboxylic group in the plant extract; the stretching 

bond of C-H and N-H bending vibration from 

reducing and capping by plant extract at the bands 

2986, 2944, 2852 cm-1;  stretching of C=O bonding at 

1642 cm-1; symmetrical stretching for N-O group of 

nitro compounds at 1389 cm-1; C=N stretching 

vibration of aromatic amines at 1276 cm−1; the 

elemental (sulfur or phosphorus) function groups 

presented at 1142, 1156, 1073, 1057 cm-1, and the 

bending region of the aliphatic chain appeared at 631, 

569 and 465 cm-1, respectively.  

Generally, the FTIR spectra usually reflect the 

significant variations of the peaks formed by different 

reducing agents. Accordingly, the peaks of G-Ag-NPs 

presented some characteristic bands to specify their 

biological nature, such as the assignment at 2986 cm-

1 which refer to N-H bending vibration, also the 

strong peaks at 1389, 1276, 1156 and 631 cm-1 were 

distinguished from the reduction and capping the 

silver nanoparticles by the plant extract in the 

biosynthesis method.    

Results of this work well-agree with the 

published data where the OH band found at 3459 cm-

1 was reported at nearly the same position of 3441.01 

cm-1 [53], 3401 cm-1 [54], and the absorbance bands 

around 3427-3436 cm-1 [47]. In addition, the 

stretching bond of C-H showed at the bands 2986, 

2944, 2852 cm-1 are confirmed by Hamouda et al., 

where the peaks at 2924, 2854 and 1455 cm−1 were 

reported and may be attributed to aliphatic C-H 

stretching vibration of hydrocarbon chains and N-H 

bending vibration [47]. Moreover, the presence of the 

flavonoids and terpenoids in the plant extract were 

also investigated by Nithya Deva Krupa and 

Raghavan at intense assignments at 1645.28 cm−1 

[53]. At the same time, Nithya Deva Krupa and 

Raghavan [53], Hamouda et al. [47], and Sadeghi and 

Gholamhoseinpoor [54], confirmed the bonding 

relationship between the free protein amides and the 

silver nanoparticles, to prevent the agglomeration of 

the prepared Ag-NPs by working as capping and 

stabilizing agent.  

 

3.1.3. Transmission electron microscopy (TEM) 

As depicted in Fig. (3 a, b), the TEM images 

clearly showed the size and shape of chemical and 

green synthesized nanoparticles of silver. C-Ag-NPs 

were found spherical in shape with an average size of 

4.86 to 13.6 nm. G-Ag-NPs possessed different 

shapes as well as sizes including; spherical, 

triangular, irregular shapes with an average size of 

38.9 to 103.0 nm. 

The chemically prepared Ag-NPs are mostly 

homogeneous in size of less than 100 nm, and shape 

of nano-spheres, as can be seen in the C-Ag-NPs 

(Fig. 3a). The TEM testing investigations agree with 

those of Tonkovich groups and Guzman groups 

[19,55]. Meanwhile, the green methodology 

presented nanoparticles of G-Ag-NPs with different 

shapes of spherical, triangular, and irregular forms, 

and various particle sizes of >50 nm- micro and 

macro particles, as given in Fig. (3b). The difference 

Fig. 3. ТEM images of (a) C-Ag-NPs and (b) G-Ag-NPs. 

a b 

Fig. 2. FTIR of chemically and green synthesized Ag-NPs. 
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in size and shape of the G-Ag-NPs can result from 

the diversity of the mint extract components, which 

showed various reducing, chelating and binding 

characteristics. This postulation is supported by the 

findings of  Gabriela et al. [20] and Klekotko et al. 

[56], who reported that the number of shapes given to 

the metallic nanoparticles is proportional to the 

amount of plant extract constituents in the reaction.  

 

3.1.4. Particle size and Zeta-Potential 

measurements 

3.1.4.1. Particle size  

The particle-size distribution of chemical and 

green synthesized Ag-NPs is shown in Fig. 4 (a, b). 

The obtained data revealed the appearance of 

different peaks, such peaks with lower intensity 

matched to smaller nanoparticles and those of higher 

intensity matched to larger nanoparticles. Peaks of 

small nanoparticles were predominant in 

biosynthesized Ag-NPs compared to the chemically 

synthesized ones. In general, the mean diameters 

were 82.3 nm and 190.9 nm for the synthesized Ag-

NPs by chemical and green methods, respectively.  

The enlarged size of G-Ag-NPs may be 

attributed to the biomaterial compounds involved in 

the plant extract. These data confirm the above-

mentioned results of UV and FTIR, where more 

homogenous and relatively uniformly-sized 

spherical-shaped granules with a narrow particle-size 

distribution of C-Ag-NPs, whereas G-Ag-NPs imply 

differently-shaped nanoparticles with a wider 

particle-size distribution. The mean diameter of C-

Ag-NPs obtained in this study is about to be identical 

to that reported by Tomaszewska group [57], 

whereas, for G-Ag-NPs, Anandalakshmi group [58] 

and Gabriela group [20] reported particle sizes of up 

to 150 and 175 nm, respectively. 

 

3.1.4.2. Zeta-Potential measurements 

 Zeta potential values obtained in the present 

study were -24.78 mV and -36.77 mV for chemical 

and green synthesized Ag-NPs, respectively (Fig. 5a 

and b). Zeta potential values provide good 

information on the surface charge and stability of the 

produced nanomaterials. When those values are 

negative, this ascertains the presence of repulsion 

forces among the particles and confirms their stable 

nature. The present C-Ag-NPs result is comparable to 

that reported by Yerraggopu team [59] who detected a 

value of -26 mV, whereas Farhadi and others reported 

–35 mV for G-Ag-NPs [60]. The difference in 

stability between C-Ag-NPs and G-Ag-NPs can be  

associated with phytochemical compounds of the 

mint extract. This was previously reported by many 

authors, who mentioned that those compounds can 

affect the stability of the metal nano particle 

molecules [20,48,49]. 

 

3.2. Antimicrobial activity of synthesized Ag-NPs   

3.2.1. Determination of Ag-NPs antimicrobial 

activity 

As shown in Table (1), both C-Ag-NPs and G-

Ag-NPs, at the amount of 20 µl (bearing 50 ppm for 

C-Ag-NPs and 39 ppm for G-Ag-NPs), showed 

antimicrobial activities against all tested bacteria and 

fungi. No significant differences were found between 

the antimicrobial activity of C-Ag-NPs and that of G-

Ag-NPs, however, the antibacterial effect of G- Ag-

NPs against Ps. aeruginosa, B. cereus and Staph. 

aureus MRSA was significantly stronger than that of 

C-Ag-NPs. The antifungal effect of C-Ag-NPs 

against Aspergillus niger was superior over that of G-

Ag-NPs. The highest inhibition zone was recorded 

with G-Ag-NPs against C. albicans (15.75 mm), 

while the lowest inhibition zone was recorded with 

a b 

Fig. 4. Particle size distribution of (a) C-Ag-NPs and (b) 
G-Ag-NPs. 

a b 

Fig. 5. Zeta potential values of (a) C-Ag-NPs and (b) G-
Ag-NPs. 
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C-Ag-NPs against E.coli (10.75 mm). 

Similar to these results, Logeswari et al. [61] 

reported that one hundred micro liters of G-Ag-NPs 

in well diffusion method revealed inhibition zones  

against pathogenic bacteria with the following 

diameters (mm): Staphylococcus aureus (30), 

Pseudomonas aeruginosa (25), Escherichia coli (30)  

and Klebsiella pneumonia (24). Hamed et al. [62] 

also deduced that G-Ag-NPs recorded significant 

antimicrobial effect against pathogenic bacteria,  

especially Pseudomonas aeruginosa with 18mm 

inhibition zone. Likewise, Savithramma et al. [63]  

found that G-Ag-NPs could significantly inhibit 

Klebsiella, Pseudomonas, Aspergillus, Fusarium and 

Rhizopus.   

In this respect, many authors discussed physical 

and chemical properties of Ag-NPs including size, 

shape and surface charge as well as dose, and proved 

their antimicrobial activity  [64–69]. Many suggested 

mechanisms described how the Ag-NPs cause their 

antagonistic effect; Some studies have reported that 

the charge of the Ag ion is crucial for its 

antimicrobial activity through the electric attraction 

between the cell membrane and  the nanoparticles 

giving an opportunity to subsequent penetration and 

resulting in membrane permeability [70–73]. Dibrov 

et al. [72] proved the ability of Ag+ to collapse the 

proton motive force resulting in a complete de-

energization of the microbial cell membrane. This 

would result in a high degree of probability of cell 

death. In the same direction, Kim et al. [74] reported 

that free radicals, derived from the surface of Ag-NPs 

cause subsequent induction of membrane damage. 

Studying the effect of Ag-NPs on microbial DNA, 

Feng et al. [75] reported turning DNA into a 

condensed form in which the replication ability is lost 

and/or the interaction of silver ions with thiol groups 

in the proteins leading to inactivation of the cell 

enzymatic activities. In all cases, it should be noted 

that the mechanisms may differ depending on the 

bacterial species and the nano particle size. 

 

3.2.2. Efficacy of G-Ag-NPs versus TH4 

The control results showed that total aerobic 

bacterial count, total spores and total fungi, on the 

surface of the hatchery machine, were 2.2x106, 

2.8x105 and 2.2x104 CFU / cm2, respectively. Post 

sanitation results (30 min after spraying) showed that 

TH4 reduced the total bacterial counts, spore counts, 

and total fungi by 87.72%, 92.50%, and 71.36%, in 

that order. On the other hand, G-Ag-NPs succeeded 

to reduce those numbers by 99.93%, 99.98%, and 

99.93% (Fig. 6).  

         No Salmonella typhimurium, Entrobacteriaceae, 

total coliform or fecal coliform were detected in the 

control. This generally indicates good hygienic 

conditions, as mentioned by Musgrove et al. [76].  

Monitoring the stability of the used disinfectants 

after 3 days of sanitation, by determining the same 

parameters (total aerobic bacteria, total spores, and 

total fungi counts), revealed that all readings of G-

Ag-NPs remained at the same levels, whereas the 

efficacy of TH4 against total aerobic bacteria dropped 

 

Table 1. Antimicrobial activities of C-Ag-NPs and G-Ag-NPs against studied G- and G+ bacteria and fungi. 

Ag-NPs  (20 µl) Gram negative bacteria 

 E. coli E. coli O157 Ps. aeruginosa S. typhimurium 

 Inhibition zone (mm) 

Chemical  10.75
a
 11.57

a
 11.00

b
 11.50

a
 

Green 12.50
a
 13.00

a
 12.25

a
 13.00

a
 

LSD0.05 2.2056 1.8352 0.6117 1.8689 

Gram-positive bacteria 

 B. subtilis B. cereus Staph. aureus Staph. aureus MRSA 

 Inhibition zone (mm) 

Chemical  14.50
a 11.50

b 11.50
a 11.25

b 
Green 12.00

a 12.67
a 12.00

a 12.00
a 

LSD0.05 2.9124 1.1335 1.2235 0.6117 

Fungi 

 A. niger C. albicans 

 Inhibition zone (mm) 

Chemical  12.50
a 15.50

a 

Green 11.50
b 15.75

a 

LSD0.05 0.9989 1.9664 
a,bLSD followed by different letters, within row , differ significantly(p 0.05). 
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by about 10% and by about 4.3%, for total spore 

counts. The activity of TH4 against total fungi, after 3 

days, was found to increase from 71.36% to 98.86%. 

This may indicate slow action of TH4 against fungi, 

but, even though, G-Ag-NPs were still superior (Fig. 

6). The different bacterial and fungal responses have 

previously been reported by others [77,78]. The 

difference between bacterial and fungal responses can 

be related to the general observation that eukaryotic 

and prokaryotic microorganisms display different 

degrees of sensitivity [79–81]. 

In poultry hatcheries, restrict hygiene practices 

are followed to minimize pathogenic microorganisms 

that infect the embryos in fertile eggs and newly 

hatched chicks. Therefore, different disinfectants are 

utilized for lowering the microbial load on the 

eggshell, egg incubator and hatchery surfaces. Thus, 

many trials have been conducted to find out new 

disinfectants and/or improve generations of them to 

control the resistant strains of microorganisms on 

eggshell and hatchery surfaces [82,83]. 

 

4. Conclusion 

In conclusion, both chemically and green 

synthesized Ag-NPs have significant antimicrobial 

effects on the tested G+ and G- bacteria and fungi. The 

antimicrobial activity of green Ag-NPs is higher than 

that of TH4. Regarding the potentiality of present 

results, green Ag-NPs, could be suggested as a 

promising sanitizer for the machines in poultry 

hatchery plants. However, more toxicological and 

environmental studies should be done to investigate 

the safety of green Ag-NPs. 
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