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ABSTRACT 
 

Salmonella typhi is one of the most significant public causes of diarrhea in young animals. Bacterial 
colonies were first diagnosed by bacteriological methods. The aim of this article is to study the 
antibacterial effect of green synthesis of selenium nanoparticles against salmonella typhi in small 
buffalo. From 60 fecal samples of diarrhea, Salmonella typhi consisted of 21(35%) Salmonella 
paratyphi 9(15%), Escherichia coli 10(16,66%), Shigella 8(13,33%) and Staphylococcus aureus 
12(20%). Cinnamon extract was utilized for the green synthesis of selenium nanoparticles (SeNPs). 
The characterization of green SeNPs was detected using: UV–Visible Spectroscopy. The 
absorption peak appeared at 298 nm. X-ray diffraction (XRD) indicated that the formed Se-NPs 
were highly crystalline. FTIR analysis indicated the presence of N-C– and –C-C stretching groups, 
amines, and Carbohydrates in the composition of SeNPs, by SEM the Se-NPs had a virtually 
spherical form. The size of the Se-NPs was made from cinnamon extract in the ranges of 34.5 to 45 
nm. The antibacterial activity of the cinnamic ethanolic extract and synthesized SeNPs each one 
alone was investigated against salmonella typhi by using the agar well diffusion method and tested 
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by using a concentration of (25,50,100 μg/mL). The results indicate that Se-NPs gave a good 
inhibition at 100 mg/ml, which was 14.33 mm, while the cinnamon extract at the same concentration 
gave an inhibition of 12.33 mm. The broth microdilution method was used to determine the MIC and 
MBC. MIC values recorded 200 and 25 μg/mL for cinnamon extract and SeNPs Respectively. 
Additionally, MBC values were recorded at 800 and 200 μg/mL for cinnamon extract and for SeNPs 
respectively. The RT-PCR was used for the detection of Bss and Bssr gene expression before and 
after being treated with green synthesized Se-NPs.The results show that the expression of the 
BssS and BssR gene after treatment with a combination of SeNPs and cinnamon extract increased 
in the cycle number and gave high gene expression. 
 

 

Keywords: Selenium nanoparticles; cinnamon oil; antimicrobial; S. typhi. 

 
1. INTRODUCTION 
 

Calf diarrhea is a complex state with a complex 
etiology that results in economic loss indirectly 
through treatment expenses and decreased 
growth rates in affected calves as well as directly 
through mortality [1]. The salmonella germ is one 
of the most common causes of diarrhea in young 
animals, as it is older. A problem appeared in the 
treatment represented in the increase in strains 
resistant to antibiotics used in the treatment of 
infection with salmonella germs, and although 
buffaloes were infected with several species, the 
important and common species is S.typhi. The 
mortality rate is high, especially in buffalo calves 
less than three months old [2]. One of the earliest 
herbal remedies is cinnamon, which was 
referenced in Chinese writings 4,000 years ago. 
Historically, numerous societies have used 
cinnamon as a medicine. Some of these 
applications include the treatment of yeast 
infections, arthritis, menstrual cramps, heavy 
menstruation, and diarrhea. Numerous scientific 
investigations on the therapeutic effects of 
cinnamon, including its antibacterial, antioxidant, 
and immune system boosting properties, have 
yielded encouraging results [3]. Selenium is an 
essential mineral that integrates with proteins to 
stop cell damage, regulate thyroid function, and 
support regeneration. Essential minerals that 
integrate with proteins to stop cell damage, 
regulate thyroid function, and support immune 
system regulation [4]. Metal oxides and minerals 
have been utilized in the past to cure illnesses 
and infections, and they work by selectively 
obstructing the process necessary for cell growth 
in Gram-positive and Gram-negative bacteria [5]. 
SeNps are described as nanomaterials that can 
be used for therapeutic purposes. Besides, 
SeNps has been documented as a potent 
antibacterial agent to inhibit bacterial growth [6). 
The aim of this article is to study the antibacterial 
effect of green synthesis of selenium 
nanoparticles against salmonella typhi in small 
buffalo. 

2. MATERIALS AND METHODS 
 
2.1 Isolation of Bacteria 
 
Between August 2022 and January 2023, sixty 
samples from various clinical samples were 
gathered in the Babil Governorate. These 
samples were acquired by obtaining swabs from 
the diarrhea of sixty buffaloes that were infected 
with various diseases. 
 

2.2 Preparation of the Cinnamon Extract 
 
From neighborhood retail stores, dried cinnamon 
was purchased and delivered to the lab. Each 
piece of dried cinnamon was processed in a mill 
to a fine powder. Cinnamon powder was 
prepared prior to the extraction process. The 
extraction was performed in a 500 mL Soxhlet 
extractor using a reflux technique. For extraction 
50 grams of cinnamon powder was extracted 
with ethanol solvent (concentration = 70%). The 
system was immersed in a thermostatic bath. 
When the boiling point of 70% ethanol was 
reached, the flow was repeated for 8–10 cycles. 
The extraction process lasted for 7 hours. Next, 
Whitman filter paper (No.1) was used to filter the 
extract. Using a vacuum pump and rotary 
evaporator, extract solutions were evaporated to 
dryness under reduced pressure at 45 °C. 
Alcohol was dried for one hour in a water bath at 
60 °C from the paste that was produced following 
rotational evaporation. The final extract was 
obtained when thick pastes were ultimately dried 
in an oven at 50°C. The extracts were stored at 
5°C on a Petri plate until use [7]. 
 

2.3 Synthesis of Green SeNPs 
 
The green synthesis of selenium nanoparticles 
was prepared according to the method described 
in [8]. Under magnetic stirring conditions, 2 ml of 
ethanolic cinnamon extract (20 mg/ml) was 
applied dropwise to 10 ml of 10 mM sodium 
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selenite. The color change was then noticed 
when the reaction mixture was reduced for 24 
hours at 28 °C and 120 rpm in the dark on a 
shaker incubator. 
 

2.4 Antibacterial Activity of SeNPs and 
Cinnamon Extract 

 

The antibacterial activity of cinnamic ethanol 
extract and synthesized SeNPs were examined 
separately against buffalo source S.typhi using 
well agar diffusion method. The agar-well 
diffusion experiment and the medium preparation 
test were carried out as previously described by 
[9]. As briefly,  agar contact method it is the 
least-employed one of the techniques. It involves 
the transfer by diffusion of the antimicrobial agent 
from the chromatogram (PC or TLC) to an agar 
plate previously inoculated with the 
microorganism tested. After some minutes or 
hours to allow diffusion, the chromatogram is 
removed and the agar plate is incubated. The 
growth inhibition zones appear in the places, 
where the antimicrobial compounds contact with 
the agar layer. This experiment was performed in 
triplicate for confirmation [10]. 
 

2.5 Estimation of MICs and MBCs for 
SeNPs and Cinnamon Extract 

 

The broth micro-method was used to determine 
the MIC according to CLSI [11]. To achieve 
various concentrations, double serial dilutions of 
plant extracts or nanomaterials were made 
directly in a microplate containing nutritional 
broth. A final concentration of 5 105 CFU/ml of 
the salmonella typhimurium vaccine was applied 
to each well. A sterile sealant was applied to the 
plate, which was then left incubating for 24 hours 
at 37 °C. A microtiter plate had resazurin applied  
to each well, and it was then incubated for 30 
minutes at 37 °C. While the well without bacterial 

growth remained blue, the wells with bacterial 
growth became pink. The MIC was regarded as 
the lowest amount of extract required to totally 
prevent bacterial growth. 
 

2.6 Statistical Analysis 
 
The difference was considered significant at (P 
0.05) in the one-way analysis of variance 
(ANOVA) performed statistically on the data 
using the computer program (SPSS), version 23 
[12]. 
 

3. RESULTS 
 

3.1 S. typhi Isolation by Culture and 
Biochemical Tests 

 
Bacteriological techniques, such as colony 
morphology, Gram staining, cultural traits, and 
biochemical properties, were first used to identify 
bacterial colonies [13]. From (60) fecal samples 
of diarrhea, Salmonella typhi consist 21 (35%) 
and Salmonella paratyphi 9(15%), E.coli 
10(16,66%), Shigella 8 (13,33%) and 
Staphylococcus aureus 12(20%). Fig. (1) shows 
these results. 
 

Salmonella serotypes remain a potential public 
health and environmental threat. Salmonella 
infection may not lead to fatal disease, but will 
remain within the intestines leading to 
gastroenteritis or may have a septic effect on 
many organ systems. Typhimurium was the 
pathogen. It was isolated from stool samples that 
[14] mentioned earlier because infectious 
diarrhea is a common condition affecting young 
calves such as Salmonella species and 
Escherichia coli K99+ is known as the most 
common pathogen identified in drying calves 
accounting for 56% of isolated bacteria. 

 

 
 

Fig. 1. Bacterial isolates in buffalo calves 
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3.2 Green Synthesis of Green SeNPs 
Using Cinnamon Extract 

 
After 24 hours, the color of the selenium-
cinnamon extract mixture changed from colorless 
to brown. as depicted in Fig. 2. During the 
incubation of the cinnamon extract without 
selenium, no color change was noticed. Since 
then, the development of Se NPs is indicated by 
the appearance of a brown color in cinnamon 
treated with selenium. 
 
The creation of a dark red color in solution as a 
result of the reaction between cinnamon extract 
and selenite demonstrated the production of Se-
NPs and suggested that the cinnamon extract's 
constituents have the ability to reduce these ions 
and transform them into Se-NPs. Se-NPs have 
an excess of bioactivities compared to the bulk 
liquid as low toxicity chemo preventive agents 
and biologically active agents [15]. The described 
plant synthesis protocol for Se-NP is 
environmentally friendly, simple and cheap. The 
resulting NPs are supposed to be innocent, non-

toxic and highly stable [16]. Se-NPs undergo 
color variations during synthesis, and their link 
with Ps [17] was discovered. The resulting Se-
NPs green synthesis is simple, economical, and 
environmentally safe. The created NPs have 
good stability and are non-toxic. Several 
publications have been published and the major 
area of focus is the aqueous extracts of different 
plant sections for the synthesis of Se-NPs [18]. 
 

3.3 Characterization of Green Se NPs 
 
3.3.1 UV–Visible spectroscopy 
 
UV-visible spectroscopy is an initial step in 
confirming the synthesis of green Se-NPs in 
addition to the color change to dark red. The UV-
visible spectra of the green Se-NPs samples 
were recorded during 24 hours with a scan from 
200 to 800 nm. UV-VIS absorbance was 
analyzed after centrifugation and particle 
redistribution in deionized water. At 298 nm, the 
green Se-NPs showed a single, distinct surface 
flour resonance band. (Fig. 3). 

 

 
 

Fig. 2. Image demonstrating the transformation in color caused by the addition of cinnamon 
extract to SeNO3 

 

 
 

Fig. 3. UV-VIS absorbance spectroscopy for green SeNPs from cinnamon extract 
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To verify the synthesis of NPs [19], UV-visible 
spectroscopy is used to quantify plasmon 
resonance and the overall oscillations of 
conduction band electrons in response to 
electromagnetic waves. Regarding NP structure, 
size, aggregation, and stability, it is accurate. A 
resonance with electrons in the surface 
conduction band occurs when a specific 
wavelength of light is incident on the NPs. Due to 
the separate absorption bands in the 
characteristic spectra of metal NPs, the range of 
absorption peaks for each metal varies 
depending on the size of the NPs. In the                   
range of 200 nm to 800 nm, selenium 
nanoparticles can be produced on a 
spectrophotometer [20]. 
 
3.3.2 X-ray diffraction (XRD) analysis 
 

It is a quick analytical method that can tell you 
how many manufactured nanoparticles are in a 
crystalline substance and how many of them 
there are. It can also tell you how big each unit 
cell is. The capping agent of the Se-NPs could 
be to blame for these sharp Bragg peaks. 
According to the XRD results, the bioorganic 
phase crystallizes on the surface of the Se NPs. 
Particle size effects are typically blamed for the 
broadening of peaks in the XRD patterns of 
solids. The broad peaks represent the influence 
of the experimental circumstances on the 
nucleation and development of crystalline nuclei 
and denote a lower particle size. 
Characterization of chemically and                    

biologically produced Se-NPs (cinnamon 
extract). Forms (4). 
 
The Se-NPs using the JCPDS standard card, file 
no. 06-0362 [21] showed identical area peaks to 
the Joint Committee for Powder Diffraction 
Standards (JCPDS) standards [21]. According to 
our findings, [22,23,24] reported that monoclinic 
crystal phase Se-NPs were successfully 
synthesized utilizing plant extract metabolites at 
the same XRD diffraction planes. According to 
the XRD data, the Se-NPs were generated were 
extremely crystalline for improved applicability. 
The above figure shows the XRD pattern of the 
produced Se-NPs. The absence of distinctive 
peaks for the initial precursors is plainly visible in 
the pattern.  
 
3.3.3 Fourier Transform Infrared 

Spectroscopy (FTIR) 
 
The functional groups between the reducing 
agent (cinnamon extract) and sodium selenite 
were identified using FTIR analysis in order to 
determine their function in the synthesis of 
selenium nanoparticles. All of these functional 
groups are represented as peaks in the FTIR 
spectra in Fig. [5]. FTIR analysis was performed 
for samples in the range of 600-4000 cm-1. FTIR 
spectroscopy showed that the sample analysis 
had prominent absorption bands at the peaks 
(3402.43, 2924.09, 2850.79, 1716.95, 1573.91, 
1442.75, 1334.74, 1122.57, 1010.70, 883.40, 
648.08, 617.22, 513.07, 416.62). 

 

 
 

Fig. 4. X-ray diffraction for green Se-NPs synthesized from cinnamon extract 
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Fig. 5. FTIR spectra pattern of dried powder green SeNPs synthesized from cinnamon extract 
 
Our research is consistent with [25] which 
claimed that for CIE/Se-NPs, the potential 
biomolecules responsible for the capping of bio-
reduced Se-NPs photosynthesized utilizing CIE 
and the reduction of Se+ ions were found. The 
stability of the metal NPs found in cinnamon and 
the capping reagent were both determined by 
FTIR spectra. (e observed peak signified the 
carbonyl group at 1629.7 cm1 and the O-H 
stretching group of phenols and alcohols at 
3418.4 cm1 [26]. O-H stretching caused the 
broad absorption band at 3410 cm1 to develop. It 
was shown that the C=O bond in cinnamon 
aldehyde was involved in the synthesis of SeNP 
when the (e shifted band from 1604.3 cm1 (in 
CIE) to 1629.7 cm1 (in CIE/Se-NP spectra) was 
seen. At 1336.2 cm1, the (e band matched nitro 
compounds. Due to the influence of the aromatic 
ring and conjugation, this band was wider than it 
would be for typical aldehyde compounds. The 
aromatic C=C bending caused the band at 
1407.3 cm1, and the C-O stretching caused the 
band at 1087.6 cm1 [27]. 
 
3.3.4 Scanning Electron Microscope (SEM) 

 
By using SEM examination, the shape and 
particle size of cinnamon selenium-NPs were 
investigated and the produced cinnamon 
selenium nanoparticles morphological features 
(size and shape) were calculated as in Fig. (6). 
 
The surface morphology and particle size of the 
Se-NPs were assessed using SEM. The form of 
the Se-NPs was almost spherical. The seed 
extract was converted into a liquid suspension at 

room temperature, and the Se-NPs ranged in 
size from 50 to 150 nm. The outcome was in line 
with [28] which produced spherical Se-NPs with 
the maximum frequency in the 80–220 nm range 
at 120–140 nm. 
 

3.4 Antibacterial Activity Test of Green 
Se-NPs Against Salmonella typhi 
Isolates by Agar Well Diffusion 
Method 

 

The antibacterial activity of the cinnamic ethanol 
extract and the synthesized SeNPs were 
investigated separately against buffalo isolates of 
S. typhi using the agar-well diffusion method, and 
tested with different concentration (25, 50, 100 
μg/mL). Table (1) and Fig. (7), show zone of 
inhibition of tested isolates. 
 
The results in Table (1) indicate that the effect of 
Se-NPs gave a good inhibition at a concentration 
of 100 mg/ml, which was (14.33)mm on buffalo 
isolated, while the cinnamon extract at the same 
concentration gave an inhibition of (12.33)mm, 
and the inhibition diameters of both isolates can 
be seen in Fig. (7). The results are similar to the 
findings of [29] who found that when using (75,50 
and 20mg/ml) of cinnamon extract and same 
concentration of green synthesized SeNPs on 
buffalo salmonella typhi bacteria, the inhibition 
effect of(75mg\ml) was better in green 
synthesized SeNPs compare to the effect of 
extract alone. Results obtained by [30] reported 
that the highest concentration at (100mg\ml) 
of SeNPs exhibited higher zone of inhibition for 
salmonella typhi.  
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Fig. 6. SEM image of Se-NPs synthesized by cinnamon extract. (a): The clarity of the layers 
stacked on top of each other, (b): The selenium layers gave different measurements 

(34.5 to 45 nm) 
 

 
 

Fig. 7. Zone of Bacterial Growth Inhibition According to Green SeNPs Antibacterial Activity in S. 
typhi Isolates 

 
Table 1. Zone of inhibition(mm) of tested substance in buffalo (S.typhi) 

 

Concentration of materials 
(mg.mL-1) 

Buffalo isolates 

Cinnamon extract Selenium nanoparticles 

25 9.27±0.88Aa 13±0.57Ab 
50 10.66±0.88Ba 13.66±0.66Bb 
100 10.66±0.66Ba 14.33±0.33Cb 
C 0±0 0±0 
LSD(P<0.05) 0.261 

 

3.5 Minimal Bactericidal Concentration 
(MBC), Minimal Inhibitory 
Concentration (MIC) Test of Green 
SeNPs 

 

The MIC was calculated using the complete 
broth dilution method in accordance with CLSI 
[11], the observed MIC values of test subjects for 

S.typhi isolates were analyzed as showed in 
Table (2). 
 
The findings demonstrated that Se-NPs 
outperformed cinnamon extract in terms of 
antibacterial activity against S. typhi isolates. 
Furthermore, the results of this investigation are 
in line with those of [31] who discovered that S. 
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typhi is more susceptible to Se-NPs' antibacterial 
action at concentrations greater than or equal to 
100 mg/mL. The data unequivocally demonstrate 
that Se-NP's antibacterial actions are more 
effective against S. typhi [32]. The 
biosynthesized Se-NPs in our study were rated 
as having a greater efficacy against Salmonella 
typhimurium. This is due to a substantial 
alteration in the structure of the bacterial walls. 
Similar findings have been reported by other 
investigations [33,34]. Additionally, [35] noted 
that the MIC of Se-NPs is 50 g/mL. The creation 
of ROS, cell barrier interactions (cell wall rupture 
and permeability alteration), suppression of 
protein and DNA synthesis, metabolic gene 
expression, and other factors are thought to be 
the mechanisms of Se-NPs [36]. The production 
of reactive oxygen species (hydrogen peroxide, 
hydroxyl radicals, and superoxide anions) by 
metal-based nanoparticles is usually linked to the 
antibacterial action. Se-NPs have been shown to 
induce ROS in several investigations [32,36]. 
These reactive oxygen species have the 
potential to damage bacteria's cell membranes 
and hinder DNA and amino acid replication [37]. 
 

3.6 Estimate Bss Gene Expression in 
Salmonella typhi  

 
Quantitative PCR estimates DNA amplification at 
the cycle index number on the fluorescence 

index (SYPRgreen), which was used to measure 
gene amplification. The reference gene was 
essential in determining how accurate the tested 
gene was, and it should express itself 
consistently under the experimental 
circumstances [38]. The Fig. (8) and (9)                     
show the difference between tested and                 
control bacteria's Bss gene RT-qPCR 
amplification. 
 
The Ct differences between the housekeeping 
gene and the BssS gene, which represent the 
expression level of (BssS) following treatment 
with SeNPs, are displayed in (Fig. 8,9) to assess 
variable gene expression. Expression level of 
BssS Results showing BssS gene expression 
using RT-qPCR after treatment with a mixture of 
SeNPs and cinnamon extract resulted in an 
increase in the cycle number and this shows that 
this extract will inhibit the biofilm formation 
system when these bacteria are exposed to it. 
These results may explain that the action of 
CINPs and the combination of CINPs with 
cinnamon extract regulates the gene expression 
of genes that regulate biofilm formation in 
bacterial cells. One of the most crucial strategies 
Salmonella employs to survive in host cells is the 
creation of biofilms [39]. It also helps                     
bacteria dodge host immune responses and 
increases their resilience to unfavorable 
conditions [40]. 

 
Table 2. Antibacterial activity of green SeNPs against S.typhi by macro-dilution method 

 

Source of 
bacteria 

Cinnamon extract  Selenium nanoparticles 

MIC value MBC value MIC value MBC value 

Buffalo 466.6±176.3 1333.3±266.6 50±25 266.6±66.6 
 

 
 

Fig. 8. RT- qPCR amplification biofilm gene (BssS) and HKG gyrA gene) in treated and control 
S.typhi isolates 
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Fig. 9. Effect of (SeNPs) on relative genes expression: the fold change of Bss  gene decrease in 
S. typhi isolates after treated with combination of SeNPs and cinammon extract 

 

4. CONCLUSION 
  
In the current study, cinnamon extract was 
employed for the first time in an eco-friendly and 
environmentally friendly manner to biosynthesize 
selenium nanoparticles (Se-NPs). According to 
the characterization findings, the biosynthesized 
Se-NPs were highly crystalline, spherical, and 
polydisperse, with diameters ranging from 16 to 
95 nm. Se-NPs additionally demonstrated 
promising antibacterial efficacy against 
Salmonella Typhimurium bacteria. The 
biosynthesized Se-NPs will eventually contain 
potential antimicrobial microorganisms and be 
useful in the medical industry. 
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